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Multimedia Device
Check for Samples: OMAP4430
1 Introduction
NOTE
OMAP™ 4 processors are intended for manufacturers of Smartphones and other mobile

devices.

This Data Manual describes the electrical and mechanical specifications of the OMAP4430 processor. It
consists of the following sections:

» A description of the device terminals: balls assignments, electrical characteristics, multiplexing modes,
and signal descriptions (Section 2)

+ A presentation of the required electrical characteristics: absolute maximum ratings, operating
conditions, dc characteristics, voltage decoupling capacities, and device power-up and power-down
sequences (Section 3)

 The clock specifications: input and output clocks characteristics, PLL and DLL specifications
(Section 4)

» The timing requirements and switching characteristics (ac timings) of the video DAC (Section 5)
» The timing requirements and switching characteristics (ac timings) of the interfaces (Section 6)

» A description of thermal resistance characteristics, the device nomenclature, and mechanical data
(Section 8)

+  The OMAP4430 processor multimedia device PCB guideline (Section A)
» A glossary of the acronyms and abbreviations used in the Data Manual (Section B)

1.1 About This Manual
FCC Warning

This equipment is intended for use in a laboratory test environment only. It generates, uses, and can
radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to subpart J of part 15 of FCC rules, which are designed to provide reasonable
protection against radio frequency interference. Operation of this equipment in other environments may
cause interference with radio communications, in which case the user at his own expense will be
required to take whatever measures may be required to correct this interference.

Information About Cautions and Warnings

This book may contain cautions and warnings.

CAUTION
This is an example of a caution statement.

A caution statement describes a situation that could potentially damage your software or
equipment.

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCT PREVIEW information concerns products in the formative or design phase of Copyright © 2010-2012, Texas Instruments Incorporated
development. Characteristic data and other specifications are design goals. Texas !
Instruments reserves the right to change or discontinue these products without notice.
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WARNING

1.2

13

This is an example of a warning statement.

A warning statement describes a situation that could potentially cause harm to
you.

The information in a caution or a warning is provided for your protection. Please read each caution and
warning carefully.

OMAP4430 MIPI® Disclaimer

The material contained herein is not a license, either expressly or impliedly, to any IPR owned or
controlled by any of the authors or developers of this material or MIPI. The material contained herein is
provided on an “AS IS” basis and to the maximum extent permitted by applicable law, this material is
provided AS IS AND WITH ALL FAULTS, and the authors and developers of this material and MIPI
hereby disclaim all other warranties and conditions, either express, implied or statutory, including, but not
limited to, any (if any) implied warranties, duties or conditions of merchantability, of fithess for a particular
purpose, of accuracy or completeness of responses, of results, of workmanlike effort, of lack of viruses,
and of lack of negligence.

ALSO, THERE IS NO WARRANTY OF CONDITION OF TITLE, QUIET ENJOYMENT, QUIET
POSSESSION, CORRESPONDENCE TO DESCRIPTION OR NON-INFRINGEMENT WITH REGARD TO
THIS MATERIAL OR THE CONTENTS OF THIS DOCUMENT. IN NO EVENT WILL ANY AUTHOR OR
DEVELOPER OF THIS MATERIAL OR THE CONTENTS OF THIS DOCUMENT OR MIPI BE LIABLE TO
ANY OTHER PARTY FOR THE COST OF PROCURING SUBSTITUTE GOODS OR SERVICES, LOST
PROFITS, LOSS OF USE, LOSS OF DATA, OR ANY INCIDENTAL, CONSEQUENTIAL, DIRECT,
INDIRECT, OR SPECIAL DAMAGES WHETHER UNDER CONTRACT, TORT, WARRANTY, OR
OTHERWISE, ARISING IN ANY WAY OUT OF THIS OR ANY OTHER AGREEMENT, SPECIFICATION
OR DOCUMENT RELATING TO THIS MATERIAL, WHETHER OR NOT SUCH PARTY HAD ADVANCE
NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.

Without limiting the generality of this Disclaimer stated above, the user of the contents of this Document is
further notified that MIPI: (a) does not evaluate, test or verify the accuracy, soundness or credibility of the
contents of this Document; (b) does not monitor or enforce compliance with the contents of this Document;
and (c) does not certify, test, or in any manner investigate products or services or any claims of
compliance with the contents of this Document.

The use or implementation of the contents of this Document may involve or require the use of intellectual
property rights ("IPR") including (but not limited to) patents, patent applications, or copyrights owned by
one or more parties, whether or not Members of MIPI. MIPI does not make any search or investigation for
IPR, nor does MIPI require or request the disclosure of any IPR or claims of IPR as respects the contents
of this Document or otherwise. Questions pertaining to this document, or the terms or conditions of its
provision, should be addressed to:

MIPI Alliance, Inc. c/o IEEE-ISTO 445 Hoes Lane Piscataway, NJ 08854 Attn: Board Secretary 252

Trademarks

OMAP, TMS320DMC64x, C64x, ICECrusher, ICEPick and SmartReflex are trademarks of Texas
Instruments Incorporated. PicoDLP is a registered trademark of Texas Instruments Incorporated.

ARM, Jazelle, and Thumb are registered trademarks of ARM Limited.
ETM, ETB, ARM9, CoreSight, ISA, Cortex, and Neon are trademarks of ARM Limited.
Java is a trademark of Sun Microsystems, Inc.

Bluetooth is a registered trademark of Bluetooth SIG, Inc. and is licensed to Texas Instruments.
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HDQ is a trademark of Benchmarg.
1-Wire is a registered trademark of Dallas Semiconductor.

Windows, WinMobile, and Direct3D are trademarks of Microsoft Corporation in the United States and
other countries.

USSE and POWERVR are trademarks or registered trademarks of Imagination Technologies Ltd.

Mentor Graphics is a registered trademark of Mentor Graphics Corporation or its affiliated companies in
the United States and other countries.

OpenGL is a trademark of Silicon Graphics, Inc.

OpenVG and OpenMAX are trademarks of Khronous Group, Inc.

Arteris is a trademark of Arteris, Inc.

RealVideo is a registered trademark of RealNetworks, Inc.

SD is a registered trademark of Toshiba Corporation.

eSD is a trademark of SD Association.

MMC and eMMC are trademarks of MultiMediaCard Association.

SonicsMX, Sonics3220 are trademarks or registered trademarks of Sonics, Inc.

JTAG is a registered trademark of JTAG Technologies, Inc.

Linux is a registered trademark of Linus Torvalds.

On2 is a registered trademark of On2 Technologies.

Symbian and all Symbian-based trademarks and logos are trademarks of Symbian Software Limited.
Synopsys is a registered trademark of Synopsys, Inc.

I2S is a trademark of Phillips Electronics.

I2C is a trademark of Phillips Semiconductor Corp.

SLIMbus and MIPI are registered trademarks of the Mobile Industry Processor Interface (MIPI) Alliance.
Flex-OneNAND and OneNAND are trademarks of SAMSUNG Electronics, Corporation.

Palm OS is a registered trademark of Palm Inc.

All other trademarks are the property of their respective owners.
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1.4 History
The following table summarizes the OMAP4430 Public DM versions.
Version Literature Number Date Notes
A SWPS041A December 2010 See®
B SWPS041B December 2010 See®
c SWPS041C January 2011 See®
D SWPS041D December 2011 See®

@
@)
®
4)

OMAP4430 Multimedia Device Silicon Revision 2.0 2.1 2.2 Data Manual, public version A (SWPS041A)—Not released to the public
domain.

OMAP4430 Multimedia Device Silicon Revision 2.0 2.1 2.2 Data Manual, public version B (SWPS041B)—Released to the public
domain.

OMAP4430 Multimedia Device Silicon Revision 2.0 2.1 2.2 Data Manual, public version C (SWPS041C)—Released to the public
domain.

OMAP4430 Multimedia Device Silicon Revision 2.0 2.1 2.2 2.3 Data Manual, public version D (SWPS041D)—Released to the public
domain.

1.5 Community Resources
The following links connect to TI community resources. Linked contents are provided "AS IS" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views;
see TI's Terms of Use.
Tl Embedded Processors WikiTexas Instruments Embedded Processors Wiki.
Established to help developers get started with Embedded Processors from Texas
Instruments and to foster innovation and growth of general knowledge about the hardware
and software surrounding these devices.
24 Introduction Copyright © 2010-2012, Texas Instruments Incorporated
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2 Terminal Description

2.1 Terminal Assignments

Figure 2-1 and Figure 2-2 show the ball locations for the 547-ball plastic ball grid array (PBGA) package
and are used in conjunction with all tables in this chapter to locate signal names and ball grid numbers.

L
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Figure 2-1. S-PBGA-N547 Package (Bottom View)

NOTE

The following bottom balls are unconnected: A28 / B1/ B28 / K21 / K22 / M27 | N27 / T21.

NOTE
The following bottom balls are reserved: C4/C5/C6/D3/D4/D5/D6/L22 /N7 /H15.

These balls must be left unconnected.
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Figure 2-2. S-PBGA-N547 Package (Top View)

NOTE
The following top balls are unconnected: A1/ A29 / AJ1/ AJ29.

2.2 Ball Characteristics
Table 2-1 describes the terminal characteristics and the signals multiplexed on each ball. The following list
describes the table column headers:
1. BALL BOTTOM: Ball number(s) on the bottom side associated with each signal(s) on the bottom.
2. BALL TOP: Ball number(s) on the top side associated with each signal(s) on the top.

3. PIN NAME: Names of signals multiplexed on each ball (also notice that the name of the pin is the
signal name in mode 0).

NOTE
Table 2-1 doesn’t take into account subsystem multiplexing signals. Subsystem multiplexing
signals are described in Section 2.4, Signal Descriptions.

NOTE
In the safe_mode, the buffer is configured in high-impedance.

4. MODE: Multiplexing mode number:
(@) Mode 0 is the primary mode; this means that when mode 0 is set, the function mapped on the pin

26 Terminal Description Copyright © 2010-2012, Texas Instruments Incorporated
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corresponds to the name of the pin. There is always a function mapped on the primary mode. Note
that the primary mode is not necessarily the default mode.

NOTE
The default mode is the mode at the release of the reset; also see the RESET REL.
MODE column.

(b) Modes 1 to 7 are possible modes for alternate functions. On each pin, some modes are effectively

used for alternate functions, while some modes are not used and correspond to a safe mode per
design implementation.

TYPE: Signal type and direction:

I = Input

O = Output

I/0 = Input/Output
D = Open drain
DS = Differential
A = Analog

PWR = Power
GND = Ground

. BALL RESET STATE: The state of the terminal at power-on reset:

0: The buffer drives Vg, (pulldown/pullup resistor not activated)
0(PD): The buffer drives Vg, with an active pulldown resistor.
1: The buffer drives Vo (pulldown/pullup resistor not activated)
1(PU): The buffer drives Vg with an active pullup resistor.

Z: High-impedance

L: High-impedance with an active pulldown resistor

H: High-impedance with an active pullup resistor

BALL RESET REL. STATE: The state of the terminal at the release of the System Control Module
reset (PRCM CORE_PWRON_RET_RST reset signal).

0: The buffer drives Vg, (pulldown/pullup resistor not activated)
0(PD): The buffer drives Vg, with an active pulldown resistor.
1: The buffer drives Vo (pulldown/pullup resistor not activated)
1(PU): The buffer drives Vg with an active pullup resistor.

Z: High-impedance

L: High-impedance with an active pulldown resistor

H: High-impedance with an active pullup resistor

NOTE
For more information on the CORE_PWRON_RET_RST reset signal and its reset sources,
see the Power Reset and Clock Management / PRCM Reset Management Functional
Description section of the OMAP4430 TRM.

RESET REL. MODE: This mode is automatically configured at the release of the System Control
Module reset (PRCM CORE_PWRON_RET_RST reset signal).

NOTE
For more information on the CORE_PWRON_RET_RST reset signal and its reset sources,
see the Power Reset and Clock Management / PRCM Reset Management Functional
Description section of the OMAP4430 TRM.

9. POWER: The voltage supply that powers the terminal I/O buffers.

Copyright © 2010-2012, Texas Instruments Incorporated Terminal Description 27
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10. HYS: Indicates if the input buffer is with hysteresis:

— Yes: With high hysteresis
— No: Without low hysteresis

NOTE
The hysteresis value is equal to minimum 150 mV for 1.8 V, or minimum 135 mV for 1.2 V,
unless otherwise specified. For more information, see the hysteresis values in Section 3.3,
DC Electrical Characteristics.

11. BUFFER STRENGTH: Drive strength of the associated output buffer.

NOTE
For programmable buffer strength:
— The default value is given in Table 2-1
— A note describes all possible values according to the selected mode.
— The pin is assured to supply up to this amount in steady-state.

12. PULL U/D — TYPE: Denotes the presence of an internal pullup or pulldown resistor. Pullup and
pulldown resistors can be enabled or disabled via software.

NOTE
The pullup/pulldown drive strength is equal to 100 pA (PU/ PD), unless otherwise specified.

13. 10 CELL: IO cell information:

— LVCMOS: The 10 buffer receives or drives a standard GPIO signal.

— Open Drain: The 10 buffer outputs an open drain signal.

— PHY: This is for MIPI D-PHY signals.

— Analog: For Analog signals

— SubLVDS: The 10 buffer supports the differential mode.

— Dual Voltage: The IO buffer is designed to support two voltages (for instance, 1.2 V and 1.8 V, or
1.8V and 3.0 V).

NOTE
Configuring two pins to the same input signal is not supported as it can yield unexpected
results. This can be easily prevented with the proper software configuration. (safe_mode is
not an input signal.)

NOTE
When a pad is set into a multiplexing mode which is not defined by pin multiplexing, this pad
is actually set undriven (HiZ) with potential pullup/pulldown. Pulls need to be disabled to
have a pure HiZ.

NOTE
All balls not described in Table 2-1 are not connected.

NOTE
In the OMAP4430 device, new far end load settings registers are added for some 10s. This
new feature configures the 10 according to the transmission line and the
application/peripheral load. For a full description on these registers, see the System Control
Module / Programming Model / Feature Settings section of the OMAP4430 TRM.
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Table 2-1. Ball Characteristics®

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] RESET RESET REL. 91 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [8] [12]
C12 - gpmc_ad0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zg;gmcz_ 10 sdmmc2 Voltage
D12 - gpmc_adl 10 H H 0 vdds_ | Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zgﬂmcz— ! 10 sdmmc2 Voltage
C13 - gpmc_ad2 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zggmcz_ 10 sdmmc2 Voltage
D13 - gpmc_ad3 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zggmcz_ 10 sdmmc?2 Voltage
Ci15 - gpmc_ad4 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
ngmcz_ 10 sdmmc2 Voltage
sdmmc2_dir_ 2 O
dat0
D15 - gpmc_ad5 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zg;gmcz_ 10 sdmmc2 Voltage
sdmmc2_dir_ 2 O
datl
A16 - gpmc_ad6 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zg?émcz— 10 sdmmc2 Voltage
sdmmc2_dir_ 2 O
cmd
B16 - gpmc_ad7 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
Zggmcz_ 10 sdmmc2 Voltage
sdmmc2_clk_ 2 |
fdbk
C16 - gpmc_ad8 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_rowO 1 | Voltage
gpio_32 3 10
sdmmcl_ 5 10
datO
D16 - gpmc_ad9 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_rowl 1 | Voltage
gpio_33 3 10
sdmmcl_ 5 10
datl
C17 - gpmc_ad10 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row2 1 | Voltage
gpio_34 3 10
sdmmcl_ 5 10
dat2
Copyright © 2010-2012, Texas Instruments Incorporated Terminal Description 29

Submit Documentation Feedback

Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

OMAP4430

SWPS041D —DECEMBER 2010—REVISED JANUARY 2012

Public Version

13 TEXAS
INSTRUMENTS

www.ti.com

Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]
D17 - gpmc_adi1l 0 10 H H 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row3 1 | Voltage
gpio_35 3 10
sdmmcl_ 5 10
dat3
C18 - gpmc_ad12 0 10 L L 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col0 1 oD Voltage
gpio_36 3 10 Open
sdmmcl_ 5 10 Drain
dat4
D18 - gpmc_ad13 0 10 L L 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_coll 1 oD Voltage
gpio_37 3 10 Open
sdmmel_ 5 10 Drain
dat5
C19 - gpmc_ad14 0 10 L L 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col2 1 oD Voltage
gpio_38 3 10 Open
sdmmcl_ 5 10 Drain
dat6
D19 - gpmc_ad15 0 10 L L 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col3 1 oD Voltage
gpio_39 3 10 Open
sdmmel_ 5 10 Drain
dat7
B17 - gpmc_al6é 0 O L L 0 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row4 1 | Voltage
gpio_40 3 10
venc_656_ 4 |
data0
safe_mode 7
A18 - gpmc_al7 0 (0] L L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row5 1 | Voltage
gpio_41 3 10
venc_656_ 4 |
datal
safe_mode 7
B18 - gpmc_al8 0 O L L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row6 1 | Voltage
gpio_42 3 10
venc_656_ 4 |
data2
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] 10] | STRENGTH | U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
el STATE [7] 81 12
A19 - gpmc_al9 0 (0] L L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row7 1 | Voltage
gpio_43 3 10
venc_656_ 4 |
data3
safe_mode 7
B19 - gpmc_a20 0 O H L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col4 1 oD Voltage
gpio_44 3 10 Open
venc_656_ 4 | Drain
data4
safe_mode 7
B20 - gpmc_a21 0 (0] H L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col5 1 oD Voltage
gpio_45 3 10 Open
venc_656_ 4 [ Drain
data5
safe_mode 7
A21 - gpmc_a22 0 O H L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col6 1 oD Voltage
gpio_46 3 10 Open
venc_656_ 4 | Drain
data6
safe_mode 7
B21 - gpmc_a23 0 (0] H L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col7 1 oD Voltage
gpio_47 3 10 Open
venc_656_ 4 [ Drain
data7
safe_mode 7
C20 - gpmc_a24 0 O H L 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_col8 1 oD Voltage
gpio_48 3 10 Open
safe_mode 7 Drain
D20 - gpmc_a25 0 O H L 7 vdds_ Yes 6 PU/ | LVCMOS
. dv_c2c PD Dual
gpio_49 3 10 Voltage
safe_mode 7
B25 - gpmc_ncs0 0 O H 1 0 vdds_ Yes 6 PU/ | LVCMOS
: dv_ PD Dual
gpio_50 s 10 gpmc Voltage
Sys_ 4 |
ndmareq0
Cc21 - gpmc_ncsl 0 O H H 7 vdds_ Yes 6 PU/ | LVCMOS
. dv_c2c PD Dual
gpio_51 10 Voltage
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)
BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]
D21 - gpmc_ncs2 0 (0] H H 7 vdds_ Yes 6 PU/ | LVCMOS
dv_c2c PD Dual
kpd_row8 1 | Voltage
gpio_52 3 10
safe_mode 7
Cc22 - gpmc_ncs3 0 O H H 7 vdds_ Yes 6 PU/ | LVCMOS
- dv_c2c PD Dual
gpmc_dir 1 O Voltage
gpio_53 3 10
safe_mode 7
C25 - gpmc_nwp 0 O L 0 0 vdds_ Yes 4 PU/ | LVCMOS
dsil_te0 1 | ps dv_ PD Dual
gpmc Voltage
gpio_54 3 10 SubLVDS
Sys_ 4 |
ndmareql
B22 - gpmc_clk 0 O L 0 0 vdds_ Yes 6 PU/ | LVCMOS
: dv_ PD Dual
gpio_55 10 gpmc Voltage
Sys_ |
ndmareq2
sdmmcl_ 5 10
cmd
D25 - gpmc_nadv_ 0 O L 0 0 vdds_ Yes 6 PU/ | LVCMOS
ale dv_ PD Dual
- gpmc Voltage
dsil_tel IDS SUbLVDS
gpio_56 3 10
Sys_ |
ndmareq3
sdmmcl_clk O
B11 - gpmc_noe O H 1 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
sdmmc2_clk o sdmmc2 Voltage
B12 - gpmc_nwe 0 O H 1 0 vdds_ Yes 6 PU/ | LVCMOS
dv_ PD Dual
z?nrgmcz_ 10 sdmmc2 Voltage
C23 - gpmc_nbe0_ 0 (0] L 0 0 vdds_ Yes 6 PU/ | LVCMOS
cle dv_ PD Dual
i gpmc Voltage
dsi2_te0 1 IDS SUbLVDS
gpio_59 3 10
D22 - gpmc_nbel 0 O L L 7 vdds_ Yes 6 PU/ | LVCMOS
. dv_c2c PD Dual
gpio_60 3 10 Voltage
safe_mode 7
B26 - gpmc_wait0 0 | H H 0 vdds_ Yes 4 PU/ | LVCMOS
dsi2_tel 1 | DS dv_ PD Dual
. gpmc Voltage
gpio_61 3 10 SubLVDS
B23 - gpmc_waitl 0 | H H 7 vdds_ Yes 6 PU/ | LVCMOS
. dv_c2c PD Dual
gpio_62 3 10 Voltage
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]

D23 - gpmc_wait2 | L L 7 vdds_ Yes 6 PU/ | LVCMOS
usbcl_icusb (0] dv_c2c PD Dual
txen - Voltage
gpio_100 3 10
Sys_ |
ndmareq0
safe_mode 7

A24 - gpmc_ncs4 0 (0] L L 7 vdds_ Yes 6 PU/ | LVCMOS
dsil te0 1 DS dv_c2c PD Dual

_ Voltage
gpio_101 3 10 SubLVDS
Sys_ 4 |
ndmareql
safe_mode 7

B24 - gpmc_ncs5 0 O L L 7 vdds_ Yes 6 PU/ | LVCMOS
dsil tel 1 DS dv_c2c PD Dual

= Voltage
gpio_102 3 10 SubLVDS
Sys_ 4 |
ndmareq2
safe_mode 7

C24 - gpmc_ncs6 0 (0] L L 7 vdds_ Yes 6 PU/ | LVCMOS
dsi2_te0 1 DS dv_c2c PD Dual

Voltage
gpio_103 3 10 SubLVDS
Sys_ 4 |
ndmareq3
safe_mode 7

D24 - gpmc_ncs? 0 O L L 7 vdds_ Yes 6 PU/ | LVCMOS
dsi2 tel 1 DS dv_c2c PD Dual

= Voltage
gpio_104 3 10 SubLVDS
safe_mode 7

- E29 |lIpddr21_dqO 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- D28 |Ipddr21_dqgl 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B27 |lpddr21_dqg2 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A27 |lpddr21_dg3 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A26 |Ipddr21_dqg4 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B26 |lpddr21_dqg5 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A25 |Ipddr21_dg6 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A24 |Ipddr21_dq7 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B19 |lpddr21_dg8 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A19 |lpddr21_dq9 0 10 L L 0 vddq_ NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [g] 12

- A18 |lpddr21_dgl0| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- Al7 |lpddr21_dgll| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B17 |lpddr21_dql2| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- Al13 |lpddr21_dg13| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A12 |lpddr21_dql4| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®@

- B12 |lpddr2l_dgl5| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- N28 |lpddr21_dgl6| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- N29 |lpddr21_dqgl7| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- M29 |lpddr21_dqgl8| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- L28 |lIpddr2l_dgl9| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- K28 |lpddr21_dgq20| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- K29 |lpddr2l_dg21| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- J29 |lpddr21_dg22| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- H29 |lpddr21_dg23| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- BS |lpddr21_dgq24| 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A8 |lpddr21_dgq25| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A7 |lpddr21_dg26| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B6 |lpddr2l_dg27| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B5 |lpddr21_dg28| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A5 |lpddr21_dq29| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- A4 |lpddr21_dg30| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- B3 |lpddr21_dg3l| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ27 |lpddr21_ca0 0 O L L 0 vddca_ NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®

- AH27 | Ipddr21_cal 0 o L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®

- AH26 |Ipddr21_ca2 0 O L L 0 vddca_ NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®

- AH25 | Ipddr21_ca3 0 o L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®

- AJ25 |Ipddr21_ca4 0 O L L 0 vddca_ NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
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Table 2-1. Ball Characteristics®¥ (continued)

BALL | BALL PIN MODE | TYPE | BALL BALL | RESET | POWER | HYS | BUFFER | PULL 10
BOTTOM | TOP | NAME [3] [4] [5] | RESET | RESET | REL. [9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA)[11] | TYPE
[6] |STATE[7]| [8] [12]
- AJ20 |lpddr21_ca5 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AH20 | Ipddr21_ca6 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AH19 | Ipddr21_ca7 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AJ18 |Ipddr21_ca8 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AH17 |Ipddr21_ca9 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®@
- A23 |lIpddr21_dgsO | O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- B23 | lpddr21_ 0 10 H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs0 Ipddr2 PDy®
- A20 |lIpddr21_dgsl| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- B20 | lpddr21_ 0 10 H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs1 Ipddr2 PDy®
- G28 |lIpddr21_dgs2 | O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- G29 |lpddr21_ 0 10 H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs2 Ipddr2 PDy®
- B10 |Ipddr21_dgs3| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- A10 |lpddr21_ 0 10 H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs3 Ipddr2 PDy®
- B22 |lIpddr21_dmoO 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- A21 |lpddr21_dm1 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- F28 |Ipddr21_dm?2 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- B1l |lpddr21_dm3 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
- AJ21 |Ipddr21_ck 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AH21 | Ipddr21_nck 0 o} H H 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
AH28 | AH24 |Ipddr21_ncsO | O o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AJ24 |Ipddr21_ncsl 0 (0] L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AH23 |Ipddr21_ckeO | 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AJ23 |lpddr21 ckel | O o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr21 PDy®
- AH16 |lpddr21_vref | 0 PWR z NA 0 vddca_ | No NA See® NA
ca vref_
Ipddr21
- B15 |lpddr21 vref | © PWR z NA 0 vddg_ | No NA See® NA
dq vref_
Ipddr21
- L2 |lpddr22_dqo 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [g] 12

- M1 |lpddr22_dql 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- N1 |lpddr22_dg2 0 (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- U2 |Ipddr22_dg3 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- V1 |lpddr22_dg4 0 (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- W2 | Ipddr22_dg5 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®@

- W1 |lpddr22_dq6 0 (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- Y2 |lIpddr22_dq7 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AE1 |lpddr22_dg8 0 (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AF1 |lpddr22_dq9 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AG1 |lpddr22_dq10| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AG2 |lpddr22_dqll| O 10 L L o vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ3 |lpddr22_dq12| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AH4 |lpddr22_dg13| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ5 |lpddr22_dql4| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AH6 |lpddr22_dgl5| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- C2 |lpddr22_dgl6| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- D1 |lpddr22_dql7| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- E1l |lpddr22_dgl8| O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- E2 |lpddr22_dq19| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- F2 |lpddr22_dq20| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- Gl |lpddr22_dg21| © 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- H1 |lpddr22_dg22| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- H2 |lpddr22_dg23| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ9 |lpddr22_dq24| © (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ10 |lpddr22_dg25| 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AH10 |Ipddr22_dg26 | 0O (o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AH11 | Ipddr22_dg27| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®
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Table 2-1. Ball Characteristics®¥ (continued)

BALL | BALL PIN MODE | TYPE | BALL BALL | RESET | POWER | HYS | BUFFER | PULL 10

BOTTOM | TOP | NAME [3] [4] [5] | RESET| RESET | REL. [9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE | REL. MODE (mA)[11] | TYPE
[6] |STATE[7]| [8] [12]

- AJ12 |Ipddr22_dg28| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ13 |lIpddr22_dg29| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AH13 |Ipddr22_dg30| 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ14 |Ipddr22_dg31| O 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- R29 |Ipddr22_ca0 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®@

- T29 |lpddr22_cal 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- U29 |lpddr22_ca2 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- V29 |Ipddr22_ca3 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- W28 | Ipddr22_ca4 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- AC29 |Ipddr22_ca5 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- AD29 | Ipddr22_ca6 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- AD28 | Ipddr22_ca7 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- AE28 | Ipddr22_ca8 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- AF29 |lpddr22_ca9 0 o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®

- AAl |lIpddr22_dqsO| O o} L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AA2 | lpddr22_ 0 o) H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs0 Ipddr2 PDy®

- AD2 |lpddr22_dgsli| O o) L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AD1 |lpddr22_ 0 o) H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgsi Ipddr2 PDy®

- K2 |lpddr22 dgs2| O o} L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- K1 |lpddr22_ 0 o) H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs2 Ipddr2 PDy®

- AH8 |Ipddr22_dgs3| O o} L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AJ8 |lpddr22_ 0 o) H H 0 vddg_ | NA 0.1 PUy/ | LVCMOS
ndgs3 Ipddr2 PDy®

- AB1 |lpddr22_dmo | © 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AC2 |lpddr22_dm1 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- L1 |lpddr22_dm2 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AH7 |lpddr22_dm3 | 0 10 L L 0 vddg_ | NA 0.1 PUy/ | LVCMOS
Ipddr2 PDy®

- AB28 | Ipddr22_ck 0 o} L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®
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Table 2-1. Ball Characteristics®¥ (continued)

BALL | BALL PIN MODE | TYPE | BALL BALL | RESET | POWER | HYS | BUFFER | PULL 10
BOTTOM | TOP | NAME [3] [4] [5] | RESET| RESET | REL. [9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE | REL. MODE (mA)[11] | TYPE
[6] |STATE[7]| [8] [12]
- AB29 | Ipddr22_nck 0 o) H H 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®
- Y28 |lpddr22_ncs0 | 0 o L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®
- W29 |Ipddr22_ncsl 0 (0] L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®
- AA29 |Ipddr22_cke0 | 0 o L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®
- Y29 |lpddr22 ckel | © o) L L 0 vddca_ | NA 0.1 PUy/ | LVCMOS
Ipddr22 PDy®@
- U28 |lIpddr22_vref | 0 PWR z NA 0 vddca_ | No NA See® NA
ca vref_
Ipddr22
- R2 |lpddr22_vref | © PWR z NA 0 vddg_ | No NA See® NA
dq vref_
Ipddr22
P3 - |dsi1_dx0 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi1@ PD | SubLVDS
P4 - | dsi1_dyo 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi1@® PD | SubLVDS
N3 - |dsi1_dx1 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi1@ PD | SubLVDS
N4 - |dsi1_dy1 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi1@® PD | SubLVDS
M3 - |dsi1_dx2 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi1@ PD | SubLVDS
M4 - | dsi1_dy2 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi1@® PD | SubLVDS
L3 - |dsi1_dx3 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi1@ PD | SubLVDS
L4 - | dsi1_dy3 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi1@® PD | SubLVDS
K3 - |dsil_dx4 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi1@ PD | SubLVDS
K4 - | dsi1_dy4 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi1@® PD | SubLVDS
T3 - |dsi2_dx0 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi2@ PD | SubLVDS
T4 - | dsi2_dyo 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi2@® PD | SubLVDS
u3 - |dsi2_dx1 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi2@ PD | SubLVDS
u4 - |dsi2_dy1 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi2@® PD | SubLVDS
V3 - |dsi2_dx2 0 IODS 0 0 0 vdda NA See®? PU/ PHY
dsi2@ PD | SubLVDS
V4 - | dsi2_dy2 0 IODS 0 0 0 vdda NA See(®? PU/ PHY
dsi2@® PD | SubLVDS
B7 - | cvideo_tvout 0 AO z NA 0 vdda_ | NA NA®D NA Analog
hdmi
vdac@®)
c7 - | cvideo_vfb 0 AO z NA 0 vdda_ | NA NA® NA Analog
hdmi
vdac@®)
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Table 2-1. Ball Characteristics®¥ (continued)

BALL | BALL PIN MODE | TYPE | BALL BALL | RESET | POWER | HYS | BUFFER | PULL 10
BOTTOM | TOP | NAME [3] [4] [5] | RESET| RESET | REL. [9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE | REL. MODE (mA)[11] | TYPE
[6] |STATE[7]| [8] [12]
D7 - |cvideo_rset 0 AlO z NA 0 vdda_ | NA NA NA | LVCMOS
hdmi Analog
vdac®
B9 - | hdmi_hpd 0 [ L L 7 vdds_ | Yes 4 PU/ | LVCMOS
gpio_63 3 10 1p8v PD
safe_mode 7

B10 - | hdmi_cec 0 10 H H 7 vdds_ | Yes 4 PU/ | LVCMOS
gpio_64 3 10 1p8v PD
safe_mode 7

A8 - |hdmi_ddc scl| © oD H H 7 vdds_ | Yes 3 PUx/ | LVCMOS
: 1p8v PDy- Open
gpio_65 3 10 4 GPIO Drain
safe_mode 7 4

B8 - | hdmi_ddc_ 0 0D H H 7 vdds_ | Yes 3 PUx/ | LVCMOS
sda 1p8v PDy- Open
gpio_66 3 0 4 GPIO Drain
safe_mode 4

c8 - | hdmi_data2x oDS z z 0 vdda_ | NA See® PD(0) PHY
(29) hdmi SubLVDS

vdac@®) FS

D8 - | hdmi_data2y 0 oDS z z 0 vdda_ | NA See® PD(0) PHY

(29) hdmi SubLVDS

vdac@®) FS

c9 - | hdmi_datalx 0 oDS z z 0 vdda_ | NA See®d PD(0) PHY
(29) hdmi SubLVDS

vdac@®) FS

D9 - | hdmi_dataly 0 oDS z z 0 vdda_ | NA See®d PD(0) PHY

(29) hdmi SubLVDS

vdac@®) FS

c10 - | hdmi_dataOx 0 oDS z z 0 vdda_ | NA See® PD(0) PHY
(29) hdmi SubLVDS

vdac@®) FS

D10 - | hdmi_dataOy 0 oDS z z 0 vdda_ | NA See®d PD(0) PHY

(29) hdmi SubLVDS

vdac@®) FS

c11 - | hdmi_clockx 0 oDS z z 0 vdda_ | NA See®d PD(0) PHY
(29) hdmi SubLVDS

vdac@®) FS

D11 - | hdmi_clocky 0 oDS z z 0 vdda_ | NA See® PD(0) PHY

(29) hdmi SubLVDS
vdac@®) FS
R26 - |csi21_dxo 0 IDS L L 7 vdda@) \((1%)5 NA PU/ PHY
: csi2l PD SubLVDS
gpi_67 s ! LVCMOS
safe_mode 7

R25 - |csi21_dyo 0 IDS L L 7 vdda Yes NA PU/ PHY
68 3 | csi21@) | (19 PD | SubLVDS
9P LVCMOS
safe_mode 7

T26 - |csi21_dx1 0 IDS L L 7 vdda@) \((1%)5 NA PU/ PHY
: csi2l PD SubLVDS
gpi_69 s ! LVCMOS
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [8] [12]
T25 - csi2l_dyl 0 IDS L L 7 vdda Yes NA PU/ PHY
api_70 3 | csi21@®) | (19 PD | SubLVDS
= LVCMOS
safe_mode 7
uU26 - csi2l_dx2 0 IDS L L 7 vdda(lzs) \((l%)s NA PU/ PHY
. csi2l PD SubLVDS
gpi_71 3 ! LVCMOS
safe_mode 7
u25 - csi2l_dy2 0 IDS L L 7 vdda Yes NA PU/ PHY
api_72 3 | csi21@®) | (19 PD | SubLVDS
= LVCMOS
safe_mode 7
V26 - csi2l_dx3 0 IDS L L 7 vdda(lzs) \((1%)3 NA PU/ PHY
. csi2l PD SubLVDS
gpi_73 3 ! LVCMOS
safe_mode 7
V25 - csi2l_dy3 0 IDS L L 7 vdda Yes NA PU/ PHY
api 74 3 | csi21@®) | (19) PD | SubLVDS
= LVCMOS
safe_mode 7
W26 - csi2l_dx4 0 IDS L L 7 vdda(lzs) \((l%)s NA PU/ PHY
. csi2l PD SubLVDS
gpL75 3 ! LVCMOS
safe_mode 7
W25 - csi2l_dy4 0 IDS L L 7 vdda Yes NA PU/ PHY
76 3 | csi21@®) | (19 PD | SubLVDS
9pL_ LVCMOS
safe_mode 7
M26 - csi22_dx0 0 IDS L L 7 vdda(lzs) \((l%)s NA PU/ PHY
. csi22 PD SubLVDS
gpi_77 3 ! LVCMOS
safe_mode 7
M25 - csi22_dy0 0 IDS L L 7 vdda Yes NA PU/ PHY
78 3 | csi22@) | (19) PD | SubLVDS
9pL_ LVCMOS
safe_mode 7
N26 - csi22_dx1 0 IDS L L 7 vdda(lzs) \((l%)s NA PU/ PHY
. csi22 PD SubLVDS
gpi_79 3 ! LVCMOS
safe_mode 7
N25 - csi22_dyl 0 IDS L L 7 vdda Yes NA PU/ PHY
80 3 | csi22@) | (19) PD | SubLVDS
9pL LVCMOS
safe_mode 7
T27 - cam_shutter 0 (0] L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_cam PD Dual
gpio_81 3 10 Voltage
safe_mode 7
u27 - cam_strobe 0 (0] L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_cam PD Dual
gpio_82 3 10 Voltage
safe_mode 7
V27 - cam_ 0 10 L L 7 vdds_ | Yes 4 PU/ | LVCMOS
globalreset dv_cam PD Dual
gpio_83 3 10 Voltage
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]

1 2] STATE REL. MODE (mA) [11] | TYPE

[6] |STATE[7]| [8] [12]

AE18 - |usbbl ulpitl_ | 0 o} L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
clk dv_ (8 PD Dual
hsi1_cawake | bankO Voltage
gpio_84 10
usbbl_ |
ulpiphy_clk
attila_hw_ 6 O
dbg20
safe_mode

AG19 - usbbl_ulpitll_ 0 | H H 7 vdds_ Yes 8 PU/ | LVCMOS
stp dv_ PD Dual
hsil_cadata 1 | bank0 Voltage
mcbsp4_clkr 2 10
gpio_85 3 10
usbbl_ 4 (0]
ulpiphy_stp
usbbl_mm_ 5 10
rxdp
attila_hw_ 6 O
dbg21
safe_mode

AF19 - usbbl_ulpitll_ 0 O L L 7 vdds_ Yes 8 PU/ | LVCMOS
dir dv_ PD Dual
hsil_caflag 1 | bankO Voltage
mcbsp4_fsr 2 10
gpio_86 3 10
usbbl_ 4 |
ulpiphy_dir
attila_hw_ 6 O
dbg22
safe_mode

AE19 - usbbl_ulpitll_ 0 (0] L L 7 vdds_ | Yes 8 PU/ | LVCMOS
nxt dv_ PD Dual
hsil_acready 1 O bank0 Voltage
mcbsp4_fsx 2 10
gpio_87 3 10
usbbl_ 4 |
ulpiphy_nxt
usbbl_mm_ 5 10
rxdm
attila_hw_ 6 O
dbg23
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)
BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]

6| 2] STATE | REL. MODE (mA) [11] | TYPE

[6] |STATE[7]| [8] [12]

AF18 - usbb1_ulpitll_ 0 10 L L 7 vdds_ | Yes 8 PU/ | LVCMOS
datO dv_ PD Dual
hsil_acwake 1 O bank0 Voltage
mcbsp4_clkx 2 10
gpio_88 3 10
usbbl_ 4 10
ulpiphy_dat0
usbbl_mm_ 5 10
txen
attila_hw_ 6 O
dbg24
safe_mode

AG18 - usbb1_ulpitll_ 0 10 L L 7 vdds_ | Yes 8 PU/ | LVCMOS
datl dv_ PD Dual
hsil_acdata 1 O bank0 Voltage
mcbsp4_dx 2 10
gpio_89 3 10
usbbl_ 4 10
ulpiphy_dat1
usbbl_mm_ 5 10
txdat
attila_hw_ 6 O
dbg25
safe_mode

AE17 - usbb1_ulpitll_ 0 10 L L 7 vdds_ | Yes 8 PU/ | LVCMOS
dat2 dv_ PD Dual
hsil_acflag 1 o bankO Voltage
mcbsp4_dr 2 |
gpio_90 3 10
usbbl_ 4 10
ulpiphy_dat2
usbbl_mm_ 5 10
txseO
attila_hw_ 6 O
dbg26
safe_mode

AF17 - usbb1_ulpitll_ 10 L L 7 vdds_ | Yes 8 PU/ | LVCMOS
dat3 dv_ PD Dual
hsil_caready | bankO Voltage
gpio_91 10
usbbl_ 10
ulpiphy_dat3
usbbl_mm_ 5 10
rXrev
attila_hw_ 6 O
dbg27
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]

1 2] STATE REL. MODE (mA) [11] | TYPE

[6] |STATE[7]| [8] [12]

AH17 - usbbl_ulpitll_ 0 10 L L 7 vdds_ Yes 8 PU/ | LVCMOS
dat4 dv_ PD Dual
dmtimer8_ 1 10 bank0 Voltage
pwm_evt
abe_mcbsp3 2 |
_dr
gpio_92 3 10
usbbl_ 10
ulpiphy_dat4
attila_hw_ 6 O
dbg28
safe_mode

AE16 - usbbl_ulpitll_ 10 L L 7 vdds_ Yes 8 PU/ | LVCMOS
dat5 dv_ PD Dual
dmtimer9_ 1 10 bank0 Vaitage
pwm_evt
abe_mcbsp3 2 10
_dx
gpio_93 3 10
usbbl_ 10
ulpiphy_dat5
attila_hw_ 6 O
dbg29
safe_mode

AF16 - usbbl_ulpitll_ 10 L L 7 vdds_ Yes 8 PU/ | LVCMOS
dat6 dv_ PD Dual
dmtimer10_ 1 10 bank0 Voltage
pwm_evt
abe_mcbsp3 2 10
_clkx
gpio_94 3 10
usbbl_ 10
ulpiphy_dat6
abe_dmic_ 5 |
din3
attila_hw_ 6 O
dbg30
safe_mode

AG16 - usbbl_ulpitll_ 10 L L 7 vdds_ Yes 8 PU/ | LVCMOS
dat7 dv_ PD Dual
dmtimer1l_ | 1 10 bank0 Voltage
pwm_evt
abe_mcbsp3 2 10
_fsx
gpio_95 10
usbbl_ 10
ulpiphy_dat7
abe_dmic_ 5 O
clk3
attila_hw_ 6 O
dbg31
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]
AF14 - usbbl_hsic_ 0 10 L L 7 vdds_ NA 0.1 PUy/ | LVCMOS
data 1p2v PDy®
gpio_96 10
safe_mode
AE14 - usbbl_hsic_ 0 10 L L 7 vdds_ NA 0.1 PUy/ | LVCMOS
strobe 1p2v PDy®
gpio_97 3 10
safe_mode 7
H4 - sim_io 0 10 L L 7 Vdd%zg) \((1%)3 1 PUy/ | LVCMOS
. usim PD Dual
gpio_wk0 3 10 (1o Voltage
attila_hw_ 6 O
dbgl
safe_mode 7
J2 - sim_clk 0 O L L 7 vdd?m) \((1%)5 1 PUy/ | LVCMOS
. usim PD Dual
gpio_wk1 3 10 10 Voltage
attila_hw_ 6 O
dbg2
safe_mode 7
G2 - sim_reset 0 (0] L L 7 Vdd%Z'S) \((1%)3 1 PUy/ | LVCMOS
. usim PD Dual
gpio_wk2 3 10 (1o Voltage
attila_hw_ 6 O
dbg3
safe_mode 7
Jl - sim_cd 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
gpio_wk3 3 10 1p8v PD
attila_hw_ 6 O
dbg4
safe_mode 7
K1 - sim_pwrectrl 0 O L L 7 vdds_ Yes 4 PU/ | LVCMOS
gpio_wké 3 10 1p8v PD
attila_hw_ 6 O
dbg5
safe_mode 7
H2 - usbcl_icusb_ I0DS L L 7 vdds Yes 1 PUy/ | LVCMOS
dp usim@® | (16) PDy Dual
. Voltage
gpio_98 10 SubLVDS
safe_mode
H3 - usbcl_icusb_ 0 I0DS L L 7 vdds Yes 1 PUy/ | LVCMOS
dm usim@) | (16) PDy Dual
: Voltage
gpio_99 3 10 SUbLVDS
safe_mode 7
D2 - sdmmcl_clk 0 O L L 7 vdds_( \((1%)5 1 PUy/ | LVCMOS
sdmmcl PDy Dual
dpm_emul9 2 O 27) Voltage
gpio_100 3 10
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 10 STRENGTH U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
[6] |STATE[7]| [8] [12]

E3 - sdmmcl_ 0 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
cmd sdrrzl%ml( (19) PDy Dual
uartl_rx 2 | Voltage
gpio_101 3 10
safe_mode 7

E4 - sdmmcl_ 0 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat0 sdn;;r;cl( (16) PDy Dual
dpm_emul8 2 O Vaitage
gpio_102 3 10
safe_mode 7

E2 - sdmmcl_ 0 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
datl sdrrzl%ml( (19) PDy Dual
dpm_emul?7 2 O Voltage
gpio_103 3 10
safe_mode 7

E1l - sdmmcl_ 0 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat2 sdn;;r;cl( (1e) PDy Dual
dpm_emul6 2 O Vaitage
gpio_104 3 10
jtag_tms_ 10
tmsc
safe_mode

F4 - sdmmcl_ 0 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat3 sdn;;r;cl( (6) PDy Dual
dpm_emul5 2 O Vaitage
gpio_105 3 10
jtag_tck 4 |
safe_mode 7

F3 - sdmmcl_ 0 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat4 sdrrzl%ml( (19) PDy Dual
gpio_106 3 10 Voltage
safe_mode

F1 - sdmmcl_ 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat5 sdn;;r;cl( (6) PDy Dual
gpio_107 10 Voltage
safe_mode

G4 - sdmmcl_ 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat6 sdrrzl%ml( (19) PDy Dual
gpio_108 10 Voltage
safe_mode

G3 - sdmmcl_ 10 L L 7 vdds_ Yes 1 PUy/ | LVCMOS
dat7 sdn;;r;cl( (1e) PDy Dual
gpio_109 10 Vaitage
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12
AD27 - abe_mcbsp2 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
_clkx dv_ PD Dual
mespi2_clk 1 0 bank1 Voltage
abe_mcasp_ 2 O
ahclkx
gpio_110 3 10
usbb2_mm_ 4 10
rxdm
safe_mode
AD26 - abe_mcbsp2 0 | L L 7 vdds_ Yes 4 PU/ | LVCMOS
_dr dv_ PD Dual
mcspi2_somi 1 10 bankl Voltage
abe_mcasp_ 2 10
axr
gpio_111 3 10
usbb2_mm_ 4 10
rxdp
safe_mode
AD25 - abe_mcbsp2 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
_dx dv_ PD Dual
mcspi2_simo 1 10 bank1 Voltage
abe_mcasp_ 2 O
amute
gpio_112 3 10
usbb2_mm_ 4 10
rXrev
safe_mode
AC28 - abe_mcbsp2 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
_fsx dv_ PD Dual
mcspi2_cs0 1 0 bankl Voltage
abe_mcasp_ 2 O
afsx
gpio_113 3 10
usbb2_mm_ 4 10
txen
safe_mode
AC26 - abe_mcbspl 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
_clkx dv_ PD Dual
abe_slimbusl 1 10 bank1 Voltage
_clock
gpio_114 3 10
safe_mode
AC25 - abe_mcbspl 0 | L L 7 vdds_ Yes 4 PU/ | LVCMOS
_dr dv_ PD Dual
abe_slimbusl 1 10 bank1 Voltage
_data
gpio_115 3 10
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)
BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
6| 2] STATE | REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12
AB25 - abe_mcbspl 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
_dx dv_ PD Dual
sdmmc3_ 1 0 bankl Voltage
dat2
abe_mcasp_ 2 O
aclkx
gpio_116 3 10
safe_mode
AC27 - abe_mcbspl 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
_fsx dv_ PD Dual
sdmmc3_ 1 0 bankl Voltage
dat3
abe_mcasp_ 2 |
amutein
gpio_117 3 10
safe_mode
AG25 - abe_pdm_ul_ 0 | L L 7 vdds_ | Yes 4 PU/ | LVCMOS
data dv_ PD Dual
abe_mcbsp3 1 | bank2 Voltage
_dr
safe_mode
AF25 - abe_pdm_dI_ 0 o L L 7 vdds_ | Yes 4 PU/ | LVCMOS
data dv_ PD Dual
abe_mcbsp3 1 0 bank2 Voltage
_dx
safe_mode
AE25 - abe_pdm_ 0 10 L L 7 vdds_ | Yes 4 PU/ | LVCMOS
frame dv_ PD Dual
abe_mcbsp3 1 10 bank2 Voltage
_clkx
safe_mode
AF26 - abe_pdm_lb_ 0 o L L 7 vdds_ | Yes 4 PU/ | LVCMOS
clk dv_ PD Dual
abe_mcbsp3 1 10 bank2 Voltage
_fsx
safe_mode 7
AH26 - abe_clks 0 | L L 7 vdds_ | Yes 4 PU/ | LVCMOS
. dv_ PD Dual
gpio_118 3 10 bank2 Voltage
safe_mode 7
AE24 - abe_dmic_ 0 o L L 7 vdds_ | Yes 4 PU/ | LVCMOS
clkl dv_ PD Dual
gpio_119 3 0 bank2 Voltage
usbb2_mm_ 4 10
txse0
uart4_cts 5 |
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] 10] | STRENGTH | U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
el STATE [7] 81 12
AF24 - abe_dmic_ 0 | L L 7 vdds_ Yes 4 PU/ | LVCMOS
dinl dv_ PD Dual
gpio_120 0 bank2 Voltage
usbb2_mm_ 10
txdat
uart4_rts O
safe_mode
AG24 - abe_dmic_ | L L 7 vdds_ Yes 4 PU/ | LVCMOS
din2 dv_ PD Dual
slimbus2_ 1 10 bank2 Voltage
clock
abe_mcasp 2
_axr
gpio_121 10
dmtimerll1_ 10
pwm_evt
safe_mode
AH24 - abe_dmic_ | L L 7 vdds_ Yes 4 PU/ | LVCMOS
din3 dv_ PD Dual
slimbus2_ 1 10 bank2 Voltage
data
abe_dmic_ 2 O
clk2
gpio_122 10
dmtimer9_ 10
pwm_evt
safe_mode 7
AB26 - uart2_cts 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv_ PD Dual
sdmmc3_clk L o bankl Voltage
gpio_123 3 10
safe_mode 7
AB27 - uart2_rts 0 (0] H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv PD Dual
sdmmc3_ 1 10 -
emd bank1 Voltage
gpio_124 3 10
safe_mode 7
AA25 - uart2_rx 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv PD Dual
sdmmc3_ 1 10 —
dato bankl Voltage
gpio_125 3 10
safe_mode 7
AA26 - uart2_tx 0 (0] H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv PD Dual
sdmmc3_ 1 10 -
datl bankl Voltage
gpio_126 10
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)
BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [8] [12]
AA27 - hdg_sio 0 10D z z 7 vdds_ | Yes 4 PU/ | LVCMOS
i2c3_scch 1 oD 1p8v PD Open
Drain
i2c2_scch 2 oD
gpio_127 3 10
safe_mode 7
AE28 - i2c1_scl 0 oD H H 0 vdds_ | Yes 3 PUx/ | LVCMOS
dv_ PDy- Open
bank2 oD ©® | Drain Dual
Voltage
AE26 - |i2cl_sda 0 10D H H® 0 vdds_ | Yes 3 PUx/ | LVCMOS
dv_ PDy- Open
bank2 oD ©® | Drain Dual
Voltage
C26 - i2c2_scl 0 oD H H 7 vdds_ | Yes 3 PUx/ | LVCMOS
1p8v PDy- Open
uartl_rx 1 | 4 GPIO Drain
gpio_128 3 [o] 4 ©)
safe_mode 7 4
D26 - i2c2_sda 0 10D H H 7 vdds_ | Yes 3 PUx/ | LVCMOS
1p8v PDy- Open
uartl_tx 1 O 4 GPIO Drain
gpio_129 3 [o] 4 ©)
safe_mode 7 4
w27 - i2c3_scl 0 oD H H 7 vdds_ | Yes 3 PUx/ | LVCMOS
. dv_cam PDy- Open
gpio_130 3 10 4 GPIO | Drain Dual
safe_mode 7 4 ® Voltage
Y27 - i2c3_sda 0 10D H H 7 vdds_ Yes 3 PUx/ | LVCMOS
: dv_cam PDy- Open
gpio_131 s 10 4 GPIO | Drain Dual
safe_mode 7 4 ®) Voltage
AG21 - i2c4_scl 0 oD H H 7 vdds_ Yes 3 PUx/ | LVCMOS
. dv_ PDy- Open
gpio_132 3 10 banks 4 GPIO | Drain Dual
safe_mode 7 4 ®) Voltage
AH22 - i2c4_sda 0 10D H H 7 vdds_ Yes 3 PUx/ | LVCMOS
. dv_ PDy- Open
gpio_133 s 10 bank5 4 GPIO | Drain Dual
safe_mode 7 4 ®) Voltage
AG9 - sr_scl 0 oD H H 0 vdds_ | Yes 3 PUx/ | LVCMOS
dv_ PDy- Open
bank2 oD ©® | Drain Dual
Voltage
AF9 - sr_sda 0 10D H H 0 vdds_ Yes 3 PUx/ | LVCMOS
dv_ PDy- Open
bank2 oD ©® | Drain Dual
Voltage
AF22 - mcspil_clk 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_ PD Dual
gpio_134 3 10 bank3 Voltage
safe_mode 7
AE22 - mcspil_somi 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_ PD Dual
gpio_135 3 10 bank3 Voltage
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] 10] | STRENGTH | U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
el STATE [7] 81 12
AG22 - mcspil_simo 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_ PD Dual
gpio_136 3 10 bank3 Voltage
safe_mode 7
AE23 - mcspil_csO 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_ PD Dual
gpio_137 3 10 bank3 Voltage
safe_mode 7
AF23 - mcespil_csl 0 (0] L L 7 vdds_ Yes 4 PU/ | LVCMOS
dv_ PD Dual
uartl_rx L ! bank3 Voltage
gpio_138 3 10
safe_mode 7
AG23 - mcspil_cs2 0 (0] H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv_ PD Dual
uartl_cts L ! bank3 Voltage
slimbus2_ 2 10
clock
gpio_139 3 10
safe_mode 7
AH23 - mcspil_cs3 0 O H H 7 vdds_ \((S)s 4 PU/ | LVCMOS
dv_ PD Dual
uartl_rts L ° bank3 Voltage
slimbus2_ 2 10
data
gpio_140 3 10
safe_mode
F27 - uart3_cts_ 10 H H 7 vdds_ | Yes 4 PU/ | LVCMOS
rctx 1p8v PD
uartl_tx 1 O
gpio_141 3 10
safe_mode 7
F28 - uart3_rts_sd 0 O H H 7 vdds_ Yes 4 PU/ | LVCMOS
gpio_142 3 10 1p8v PD
safe_mode 7
G27 - uart3_rx_irrx 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
dmtimer8_ 1 10 1p8v PD
pwm_evt
gpio_143 3 10
safe_mode 7
G28 - uart3_tx_irtx 0 (0] H H 7 vdds_ | Yes 4 PU/ | LVCMOS
dmtimer9_ 1 10 1p8v PD
pwm_evt
gpio_144 3 10
safe_mode 7
AES5 - sdmmc5_clk 0 O L L 7 vdds_ Yes 4 PU/ | LVCMOS
- dv_ PD Dual
mespi2_clk L 10 bank4 Voltage
usbcl_icush_ 2 I0DS SubLVDS
dp
gpio_145 3 10
sdmmc2_clk (0]
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 [5] | RESET | RESET REL. 9 10] | STRENGTH | U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
6] STATE [7] 81 12
AF5 - sdmmc5_ 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
cmd dv_ PD Dual
. bank4 Voltage
mcspi2_simo 1 10 SUbLVDS
usbcl_icusb_ 2 I0DS
dm
gpio_146 3 10
sdmmc2_cm 5 10
d
safe_mode
AE4 - sdmmc5_ 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
dat0 dv_ PD Dual
mcspi2_somi 1 10 bank4 Voltage
usbcl_icusb_ 2 |
rcv
gpio_147 3 10
sdmmc2_ 5 10
datO
safe_mode
AF4 - sdmmc5_ 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
datl dv_ PD Dual
usbcl_icusb_ 2 O bank4 Voltage
txen
gpio_148 3 10
sdmmc2_ 5 10
datl
safe_mode
AG3 - sdmmc5_ 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
dat2 dv_ PD Dual
mespi2_cs1 1 o bank4 Voltage
gpio_149 3 10
sdmmc2_ 5 10
dat2
safe_mode
AF3 - sdmmc5_ 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
dat3 dv_ PD Dual
mcspi2_cs0 1 0 bank4 Voltage
gpio_150 3 10
sdmmc2_ 5 10
dat3
safe_mode 7
AE21 - mcspi4_clk 0 10 L L 7 vdds_ Yes 4 PU/ | LVCMOS
dv_ PD Dual
sdmmc4_clk 1 O banks Voltage
kpd_col6 2 oD Open
gpio_151 3 10 Drain
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]
AF20 - mcspi4_simo 10 H H 7 vdds_ Yes 4 PU/ LVCMOS
dv_ PD Dual
sdmmca_ 10 bank5 Voltage
cmd
Open
kpd_col7 2 oD Drain
gpio_152 3 10
safe_mode 7
AF21 - mcspi4_somi 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv PD Dual
sdmmc4_ 1 10 —
dato bank5 Voltage
kpd_row6 2 |
gpio_153 3 10
safe_mode 7
AE20 - mcspi4_cs0 0 10 H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv PD Dual
sdmmc4_ 1 10 -
dat3 bank5 Voltage
kpd_row7 2 |
gpio_154 3 10
safe_mode 7
AG20 - uartd_rx 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
dv PD Dual
sdmmc4_ 1 10 —
dat2 bank5 Voltage
kpd_row8 2 |
gpio_155 3 10
safe_mode 7
AH19 - uart4_tx 0 (0] H H 7 vdds_ | Yes 4 PU/ | LVCMOS
dv_ PD Dual
sdmmca_ 1 10 bank5 Voltage
datl
Open
kpd_col8 2 oD Drain
gpio_156 3 10
safe_mode 7
AG12 - |usbb2_ulpitl_| 0 o L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
clk dv_ a8 PD Dual
usbb2_ 1 | bank6 Voltage
ulpiphy_clk
sdmmc4_ 2 10
cmd
gpio_157 3 10
hsi2_cawake 4 |
safe_mode 7
AF12 - |usbb2_ulpitl_ | 0 [ H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
stp dv_ PD Dual
usbb2_ 1 o bank6é Voltage
ulpiphy_stp
sdmmc4_clk 2 O
gpio_158 3 10
hsi2_cadata 4 |
dispc2_ 5 O
data23
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]

1 2] STATE REL. MODE (mA) [11] TYPE

[6] |STATE[7]| [8] [12]

AE12 - |usbb2_ulpitl_ | 0 o} H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
dir dv_ PD Dual
usbb2_ 1 | bank6é Voltage
ulpiphy_dir
sdmmc4_ 2 10
datO
gpio_159 3 10
hsi2_caflag |
dispc2_ 5 O
data22
safe_mode

AG13 - | usbb2_ulpitll_ o} H H 7 vdds_ | Yes 407 PU/ | LVCMOS
nxt dv_ PD Dual
usbb2_ 1 | bank6é Voltage
ulpiphy_nxt
sdmmc4_ 2 10
datl
gpio_160 10
hsi2_acready O
dispc2_ 5 O
data21
safe_mode

AE11 - | usbb2_ulpitll_ 10 H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
datO dv_ PD Dual
usbb2_ 1 0 bank6é Voltage
ulpiphy_dat0
sdmmc4_ 2 10
dat2
gpio_161 3 10
hsi2_acwake O
dispc2_ O
data20
usbb2_ 6 10
mm_txen
safe_mode

AF11 - | usbb2_ulpitll_ 10 H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
datl dv_ PD Dual
usbb2_ 1 0 bank6 Voltage
ulpiphy_dat1
sdmmc4_ 2 10
dat3
gpio_162 3 10
hsi2_acdata O
dispc2_ O
datal9
usbb2_ 6 10
mm_txdat
safe_mode 7

Copyright © 2010-2012, Texas Instruments Incorporated Terminal Description 53

Submit Documentation Feedback

Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]

6| 2] STATE | REL. MODE (mA) [11] | TYPE

[6] |STATE[7]| [8] [12]

AG11 - |usbb2_ulpitl_ | 0 10 L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
dat2 dv_ PD Dual
usbb2_ 1 0 bank6é Voltage
ulpiphy_dat2
sdmmc3_ 2 10
dat2
gpio_163 3 10
hsi2_acflag 4 O
dispc2_ 5 O
datal8
usbb2_ 6 10
mm_txse0
safe_mode

AH11 - |usbb2_ulpitl_| 0 10 H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
dat3 dv_ PD Dual
usbb2 1 0 bank6 Voltage
quiph)?_datS
sdmmc3_ 2 10
datl
gpio_164 3 10
hsi2_caready 4 |
dispc2_ 5 O
datal5
rfbi_datal5 6 10
safe_mode

AE10 - |usbb2_ulpitl_| 0 10 H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
dat4 dv_ PD Dual
usbb2 1 0 bank6 Voltage
quiph)?_dat4
sdmmc3_ 2 10
datO
gpio_165 3 10
mcspi3_somi 4 10
dispc2_ 5 O
datal4
rfbi_datal4 6 10
safe_mode

AF10 - |usbb2_ulpitl_| 0 10 H H 7 vdds_ | Yes 4047 PU/ | LVCMOS
dat5 dv_ PD Dual
usbb2 1 0 bank6 Voltage
quiph)?_datS
sdmmc3_ 2 10
dat3
gpio_166 3 10
mcspi3_cs0 4 10
dispc2_ 5 O
datal3
rfbi_datal3 6 10
safe_mode
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]

AG10 - | usbb2_ulpitll_| 0 10 H H 7 vdds_ | Yes 407 PU/ | LVCMOS
dat6 dv_ PD Dual
usbb2_ 1 0 bank6é Voltage
ulpiphy_dat6
sdmmc3_ 2 10
cmd
gpio_167 3 10
mcspi3_simo 10
dispc2_ 5 O
datal2
rfbi_datal2 10
safe_mode

AE9 - | usbb2_ulpitll_ 10 H H 7 vdds_ | Yes 407 PU/ | LVCMOS
dat7 dv_ PD Dual
usbb2_ 1 0 bank6é Voltage
ulpiphy_dat7
sdmmc3_clk 2 (0]
gpio_168 3 10
mcspi3_clk 4 10
dispc2_ 5 O
datall
rfbi_datall 6 10
safe_mode

AF13 - usbb2_hsic_ 10 L L 7 vdds_ NA 0.1 PUy/ | LVCMOS
data 1p2v PDy®
gpio_169 10
safe_mode

AE13 - usbb2_hsic_ 0 10 L L 7 vdds_ NA 0.1 PUy/ | LVCMOS
strobe 1p2v PDy®
gpio_170 3 10
safe_mode 7

G26 - kpd_col3 0 oD L L 7 vdds_dv | Yes 4 PU/ | LVCMOS

_bank7 PD Dual
kpd_col0 1 oD Voltage
gpio_171 3 10 Open
safe_mode 7 Drain

G25 - kpd_col4 0 oD L L 7 vdds_dv | Yes 4 PU/ | LVCMOS

_bank7 PD Dual
kpd_coll 1 oD Voltage
gpio_172 3 10 Open
safe_mode 7 Drain

H26 - kpd_col5 0 oD L L 7 vdds_dv | Yes 4 PU/ | LVCMOS

_bank7 PD Dual
kpd_col2 1 oD Voltage
gpio_173 3 10 Open
safe_mode 7 Drain

H25 - kpd_col0 0 oD L L 7 vdds_dv | Yes 4 PU/ | LVCMOS

_bank7 PD Dual
kpd_col3 1 oD Voltage
gpio_174 3 10 Open
safe_mode 7 Drain
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [8] [12]
J27 - kpd_coll 0 oD L L 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_col4 1 oD Voltage
gpio_0 3 10 Open
safe_mode 7 Drain
H27 - kpd_col2 0 oD L L 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_col5 1 oD Voltage
gpio_1 3 10 Open
safe_mode 7 Drain
J26 - kpd_row3 0 | L H 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_rowO 1 | Voltage
gpio_175 3 10
safe_mode 7
J25 - kpd_row4 0 | L H 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_rowl 1 | Voltage
gpio_176 3 10
safe_mode 7
K26 - kpd_row5 0 | L H 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_row2 1 | Voltage
gpio_177 3 10
safe_mode 7
K25 - kpd_row0 0 | L H 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_row3 1 | Voltage
gpio_178 3 10
safe_mode 7
L27 - kpd_rowl 0 | L H 7 vdds_dv | Yes 4 PU/ LVCMOS
_bank7 PD Dual
kpd_row4 1 | Voltage
gpio_2 3 10
safe_mode 7
K27 - kpd_row2 0 | L H 7 vdds_dv | Yes 4 PU/ | LVCMOS
_bank7 PD Dual
kpd_row5 1 | Voltage
gpio_3 3 10
safe_mode 7
C3 - |usba0_otg_ 0 o) 0 0 0 vdda_ | NA See® NA PHY
ce usbaOot
_3p3vl
B5 - |usha0_otg_ 0 IODS 0 z 7 vdda_ | Yes See¥ PUx/ | LVCMOS
dp usbao?zt (20 I?E SubLVDS
uart3_rx_irrx 1 | —3p3v
uart2_rx 2 |
safe_mode 7
B4 - |usha0_otg_ 0 IODS 0 z 7 vdda_ | Yes See¥ PUx/ | LVCMOS
dm usbao?zt @0 F(’llg SubLVDS
uart3_tx_irtx 1 O —3p3v
uart2_tx 2 O
safe_mode 7
AH6 - fref_xtal_in 0 Al-l z z 0 vdds_ Yes NA NA LVCMOS
1p8_fref Analog
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9 [10] | STRENGTH | U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12
AH5 - fref_xtal_out 0 AO z NA 0 vdds_ NA NA NA osc
1p8_fref
AG5 - fref_xtal_ 0 NA NA NA NA NA NA NA NA NA
VSSO0SC
AG8 - fref_slicer_in 0 Al-| z z 0 vdds_ NA NA NA LVCMOS
gpi_wk5 3 | 1p8_fref Analog
safe_mode 7
AD1 - fref_clk_ioreq 0 (0] L L 0 vdds_ Yes 4 PU/ | LVCMOS
1p8_fref PD
AD2 - fref_clkO_out 0 O L L 7 vdds_ Yes 4 PU/ | LVCMOS
fref_clkl_req | 1p8_fref PD
sys_drm_ O
msecure
gpio_wké 10
sdmmc2_ 10
dat7
attila_hw_ 6 O
dbg6
safe_mode 7
AA28 - fref_clk1_out 0 (0] L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_cam PD Dual
gpio_181 3 10 Voltage
safe_mode 7
Y28 - fref_clk2_out 0 (0] L L 7 vdds_ Yes 4 PU/ | LVCMOS
. dv_cam PD Dual
gpio_182 3 10 Voltage
safe_mode 7
AD3 - fref_clk3_req 0 | L L 7 vdds_ Yes 4 PU/ | LVCMOS
dv_ fref PD Dual
fref_clkl_req 1 | Voltage
sys_drm_ 2 O
msecure
gpio_wk30 3 10
sdmmc2_ 10
dat4
attila_hw_ 6 O
dbg7
safe_mode 7
AD4 - fref_clk3_out 0 O L L 7 vdds_ Yes 4 PU/ | LVCMOS
dv_ fref PD Dual
fref_clk2_req 1 | Voltage
Sys_secure_ 2 O
indicator
gpio_wk31 3 10
sdmmc2_ 10
dat5
attila_hw_ 6 O
dbg8
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4] [5] | RESET | RESET REL. 9] 10] | STRENGTH | U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
el STATE [7] 81 12
AC2 - fref_clk4_req 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
fref clk5_out | 1 0 dv_ fref PD Dual
Voltage
gpio_wk7 3 10
sdmmc2_ 5 10
daté
attila_hw_ 6 O
dbg9
AC3 - fref_clk4_out 0 (0] L 0 0 vdds_ | Yes 4 PU/ | LVCMOS
. dv_ fref PD Dual
gpio_wk8 3 10 Voltage
attila_hw_ 6 O
dbg10
AG7 - sys_32k 0 | z z 0 vdds_ | Yes 4 PU/ | LVCMOS
1p8v PD
AE7 - Sys_ 0 | z z 0 vdds_ Yes 4 PUx/ | LVCMOS
nrespwron 1p8v I?B
AF7 - Sys_ 0 10D 0 H 0 vdds_ | Yes 4 PUx/ | LVCMOS
nreswarm 1p8v PD Open
az Drain
AH7 - Sys_pwr_req 0 O H 1 0 vdds_ Yes 4 PU/ | LVCMOS
1p8v PD
AG6 - Sys_pwron_ 0 O L 0 0 vdds_ Yes 4 PU/ | LVCMOS
reset_out 1p8v PD
gpio_wk29 3 10
attila_hw_ 6 O
dbg1l
AE6 - sys_nirql 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
safe_mode 7 1p8v PD
AF6 - sys_nirg2 0 | H H 7 vdds_ Yes 4 PU/ | LVCMOS
gpio_183 3 10 1p8v PD
safe_mode 7
F26 - sys_boot0 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
gpio_184 3 10 1p8v PD
safe_mode 7
E27 - sys_bootl 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
gpio_185 3 10 1p8v PD
safe_mode 7
E26 - sys_boot2 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
gpio_186 3 10 1p8v PD
safe_mode 7
E25 - sys_boot3 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
gpio_187 3 10 1p8v PD
safe_mode 7
D28 - sys_boot4 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
gpio_188 3 10 1p8v PD
safe_mode 7
D27 - sys_boot5 0 | L L 0 vdds_ Yes 4 PU/ | LVCMOS
gpio_189 3 10 1p8v PD
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
6| 2] STATE | REL. MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]
AF8 - sys_boot6 0 | z z 0 vdds_ | Yes 4 PU/ | LVCMOS
dpm_emul8 1 O 1p8v PD
gpio_wk9 3 10
attila_hw_ 6 O
dbg12
safe_mode 7
AES8 - sys_boot7 0 | 4 z 0 vdds_ Yes 4 PU/ | LVCMOS
dpm_emul9 1 O 1p8v PD
gpio_wk10 3 10
attila_hw_ 6 O
dbg13
safe_mode
AH2 - jtag_ntrst | L L 0 vdds_ Yes 4 PU/ | LVCMOS
1p8v PD
AG1 - jtag_tck | L L 0 vdds_ Yes 4 PU/ | LVCMOS
safe_mode 1p8v PD
AE3 - jtag_rtck O L 0 0 vdds_ Yes 4 PU/ | LVCMOS
1p8v PD
AH1 - jtag_tms_ 0 10 H H 0 vdds_ | Yes 4 PU/ | LVCMOS
tmsc 1p8v PD
safe_mode
AE1 - |jtag_tdi I H H 0 vdds_ | Yes 4 PU/ | LVCMOS
1p8v PD
AE2 - jtag_tdo 0 o H H 0 vdds_ | Yes 4 PU/ | LVCMOS
1p8v PD
M2 - | dpm_emuo 10 H H 0 vdds_ | Yes 4047 PU/ | LVCMOS
gpio_11 10 1p8v PD
attila_hw_ 6 O
dbg0
safe_mode 7
N2 - | dpm_emul 0 o} H H 0 vdds_ | Yes 407 PU/ | LVCMOS
gpio_12 3 10 1p8v PD
attila_hw_ 6 O
dbgl
safe_mode 7
P2 - |dpm_emu2 o L L 7 vdds_ \((1%)5 4047 PU/ | LVCMOS
usba0_ | 1p8v PD
ulpiphy_clk
gpio_13 10
dispc2_fid O
attila_hw_ O
dbg2
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE

[6] |STATE[7]| [8] [12]

V! - | dpm_emu3 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ (0] 1p8v PD
ulpiphy_stp
gpio_14 3 10
rfbi_datal0 10
dispc2_ O
datal0
attila_hw_ 6 O
dbg3
safe_mode

V2 - |dpm_emu4 o L L 7 vdds_ Y%)s(l 4047 PU/ | LVCMOS
usba0_ | 1p8v PD
ulpiphy_dir
gpio_15 3 10
rfbi_data9 10
dispc2_ 5 O
data9
attila_hw_ 6 O
dbg4
safe_mode

w1 - | dpm_emus o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ | 1p8v PD
ulpiphy_nxt
gpio_16 10
rfbi_te_ |
vsyncO
dispc2_ 5 O
datal6
attila_hw_ 6 O
dbg5
safe_mode

w2 - | dpm_emué o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ 10 1p8v PD
ulpiphy_dat0
uart3_tx_irtx 2 O
gpio_17 3 10
rfbi_hsyncO 4 |
dispc2_ 5 O
datal?7
attila_hw_ 6 O
dbg6
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7]| [8] [12]
w3 - | dpm_emu7 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ 10 1p8v PD
ulpiphy_dat1
uart3_rx_irrx 2 |
gpio_18 3 10
rfbi_cs0 4 O
dispc2_hsync 5 O
attila_hw_ 6 O
dbg7
safe_mode 7
w4 - | dpm_emus o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ 10 1p8v PD
ulpiphy_dat2
uart3_rts_sd 2 O
gpio_19 3 10
rfbi_re 4 O
dispc2_pclk 5 O
attila_hw_ 6 O
dbg8
safe_mode 7
Y2 - | dpm_emu9 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ 1 10 1p8v PD
ulpiphy_dat3
uart3_cts_ 2 10
rctx
gpio_20 3 10
rfbi_we 4 O
dispc2_vsync 5 O
attila_hw_ 6 O
dbg9
safe_mode 7
Y3 - |dpm_emu10 o L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
usba0_ 1 10 1p8v PD
ulpiphy_dat4
gpio_21 3 10
rfbi_a0 4 O
dispc2_de 5 O
attila_hw_ 6 O
dbg10
safe_mode 7
Y4 - |dpm_emu11 o L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
usba0_ 1 10 1p8v PD
ulpiphy_dat5
gpio_22 3 10
rfbi_data8 4 10
dispc2_data8 5 O
attila_hw_ 6 O
dbg1l
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 [10] | STRENGTH U/D | CELL [13]

1 2] STATE REL. MODE (mA) [11] TYPE

[6] |STATE[7]| [8] [12]

AA1 - |dpm_emu12 0 o} L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
usba0_ 1 10 1p8v PD
ulpiphy_dat6
gpio_23 3 10
rfbi_data7 4 10
dispc2_data7 5 O
attila_hw_ 6 O
dbg12
safe_mode 7

AA2 - | dpm_emu13 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
usba0_ 1 0 1p8v PD
ulpiphy_dat7
gpio_24 3 10
rfbi_data6 4 10
dispc2_data6 5 O
attila_hw_ 6 O
dbg13
safe_mode 7

AA3 - | dpm_emu14 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
sys_drm_ (0] 1p8v PD
msecure
uartl_rx 2 |
gpio_25 3 10
rfbi_data5 4 10
dispc2_data5 5 O
attila_hw_ 6 O
dbg14
safe_mode 7

AA4 - | dpm_emu1s o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
Sys_secure_ 1 O 1p8v PD
indicator
gpio_26 3 10
rfbi_data4 4 10
dispc2_data4 5 O
attila_hw_ 6 O
dbg15
safe_mode 7

AB2 - | dpm_emu16 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
dmtimer8_ 10 1pBy i Vcl?lgaaglye
pwm_evt SubLVDS
dsil_te0 2 IDS
gpio_27 3 10
rfbi_data3 4 10
dispc2_data3 5 O
attila_hw_ 6 O
dbg16
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10

BOTTOM | TOP NAME [3] 4 5] RESET RESET REL. 9 10 STRENGTH U/D | CELL [13

1 2] STATE REL. MODE (mA) [11 TYPE

[6] |STATE[7]| [8] [12]

AB3 - | dpm_emu17 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
dmtimer9_ 10 1pBy i Vcl?lgaaglye
pwm_evt SubLVDS
dsil_tel 2 IDS
gpio_28 3 10
rfbi_data2 4 10
dispc2_data2 5 O
attila_hw_ 6 O
dbg17
safe_mode 7

AB4 - |dpm_emu1s o} L L 7 vdds_ | Yes 4047 PU/ | LVCMOS
dmtimer10_ 10 1pBy i Vcl?lgaaglye
pwm_evt SubLVDS
dsi2_te0 2 IDS
gpio_190 3 10
rfbi_datal 4 10
dispc2_datal 5 O
attila_hw_ 6 O
dbg18
safe_mode 7

AC4 - | dpm_emu19 o} L L 7 vdds_ | Yes 407 PU/ | LVCMOS
dmtimerll_ 10 1pBy i Vcl?lgaaglye
pwm_evt SubLVDS
dsi2_tel 2 IDS
gpio_191 3 10
rfbi_data0 4 10
dispc2_data0 5 O
attila_hw_ 6 O
dbg19
safe_mode 7
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Table 2-1. Ball Characteristics®¥ (continued)

BALL | BALL PIN MODE | TYPE | BALL | BALL | RESET | POWER | HYS | BUFFER | PULL lo)
BOTTOM | TOP | NAME[3] | [4 | [5] |RESET| RESET | REL. [9] | [10] | STRENGTH | U/D | CELL [13]
[ 21 STATE | REL. | MODE (mA) [11] | TYPE
[6] |STATE[7]| [8] [12]
HL1/M1/ | A2/ |vss - | GND | NA NA NA NA NA NA NA NA

AB1/C2/| A6/
F2/1K2/ A9/
U2/AF2/ | A11/
B3/J3/ | Al4/
J4a | AG4 [ | A28/
B6/ K8/ B1/
U8 /AH8 /| B14/
N9/A10/| B21/
AH10 / B24 /
H11/ B29/
AAll/ E28/
N12 /P12 | F1/
/R12/ H28 /
Ti2/U12 | J1/
[AA12] | L29/
B13/H13 | M2/
/[ M13/ P1/
N13/P13 | P2/
/R13/ R28 /
T13/U13 | Vv2/
/AH13/ | Vv28/
M14/N14 | AA28 /
/P14 / AB2/
R14/T14 | AE2/
/U14/ | AF28/
M15/N15 | AH1/
/ P15/ AH5 /
R15/T15 | AH14

/U15/ /
M16 / N16 | AH18
/P16 / /

R16/T16 | AH29
rule/ |1AJ2/
H17 /M17 | AJ7/
/N17/ | AJ11l/
P17 /R17 | AJ16/
I T171 | AJ22/
Ul7/Y17 | AJ28
I AG17 /
H19/ A20
[ AA20 /
J21/L21/
M21/U21
/ AH21 /
M22 / A23
| F25/L25
/Y25 /126
1Y26/
AG26 /
B27/
AE27 /
H28 / K28
/1 U28

Y22 - |vpp@® - PWR NA NA NA NA NA NA NA NA
J8 - |vpp_cust@ - PWR NA NA NA NA NA NA NA NA
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET | RESET REL. 9 [10] | STRENGTH U/D | CELL [13]
1 2] STATE REL. MODE (mA) [11] TYPE
[6] |STATE[7] [8] (121
J9/ K9/ - vdd_core - PWR NA NA NA NA NA NA NA NA
L9/ M9/
T9/J10/
Ji1/v1i1/
H12/J12/
Y12/J313/
Y13/
AA13/
J15/J16/
J17 / H18/
J18/J19/
J20/ K20/
L20 / M20
/ N20 /
R20/T20
/U20/
V20
V8 / W8/ - vdd_mpu - PWR NA NA NA NA NA NA NA NA
Y8/U9/
V9 / W9/
Y9/Y10/
AA10
AAL17/ - vdd_iva_ - PWR NA NA NA NA NA NA NA NA
Y18/ audio
AA18/
Y19/
AA19/
W20/Y20
/v21/
w21/Y21
AA16 - vdds_1p2v - PWR NA NA NA NA NA NA NA NA
AB7 /U7 / - vdds_1p8v - PWR NA NA NA NA NA NA NA NA
V7 /1K7/
H22 /322 /
w22
Y7 - vdds_1p8 - PWR NA NA NA NA NA NA NA NA
fref
D1/G1/ | A22/ |vddg_lpddr2 - PWR NA NA NA NA NA NA NA NA
uil/vyi/ B4/
AC1l/AFl1| B7/
| A4/ AH4 | B9/
IA6/L7/ | B13/
G8/H8/ | B18/
L8/ M8/ | B25/
AA8/A9/ | D2/
H9/AA9 /| D29/
AB9/AH9 | F29/
/I A12/ G2/
AH12 / J21/
Al17 /H20 | J28/
/1 G21/ M28 /
H21/A22 | Ul/
[ A25/ Y1/
E28/J28/| AC1/
L28 AF2/
AH9 /
AH12
I AJ4 ]
AJ6
G15 - vddg_vref - PWR NA NA NA NA NA NA NA NA
Ipddr21
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET | RESET REL. 9 10] | STRENGTH U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
6] STATE [7] 81 12
T8 - vddg_vref - PWR NA NA NA NA NA NA NA NA
Ipddr22
AH18 / T28/ |vddca_lpddr2 - PWR NA NA NA NA NA NA NA NA
AH20 / AC28
AA21/ |/ AE29
AB21/ /
AA22 / AH22
AB22/ |/AJ19
AH25/ |/ AJ26
T28 /
AB28 /
AD28
Y14 - vddca_vref - PWR NA NA NA NA NA NA NA NA
Ipddr21
R27 - vddca_vref_ - PWR NA NA NA NA NA NA NA NA
Ipddr22
G22 - vdda_dlIlo_ - PWR NA NA NA NA NA NA NA NA
Ipddr21
G9 - vdda_dll1_ - PWR NA NA NA NA NA NA NA NA
Ipddr21
M7 - vdda_dlIlo_ - PWR NA NA NA NA NA NA NA NA
Ipddr22
AB10 - vdda_dll1_ - PWR NA NA NA NA NA NA NA NA
Ipddr22
L1 - vdda_dsil - PWR NA NA NA NA NA NA NA PHY
N8 / P8 - vssa_dsi - GND NA NA NA NA NA NA NA PHY
L2 - vdda_dsi2 - PWR NA NA NA NA NA NA NA PHY
w28 - vdda_csi2l - PWR NA NA NA NA NA NA NA PHY
R22 - vssa_csi2 - GND NA NA NA NA NA NA NA PHY
V28 - vdda_csi22 - PWR NA NA NA NA NA NA NA PHY
Al1/G12 - vdda_hdmi_ - PWR NA NA NA NA NA NA NA PHY
vdac
Gl1 - vssa_hdmi_ - GND NA NA NA NA NA NA NA PHY
vdac
A5 - vdda_ - PWR NA NA NA NA NA NA NA PHY
usbaOotg_
3p3v
G10 - vssa_ - GND NA NA NA NA NA NA NA PHY
usbaOotg_
3p3v
A7 - vdda_ - PWR NA NA NA NA NA NA NA PHY
usbaOotg_
1p8v
H10 - vssa_ - GND NA NA NA NA NA NA NA PHY
usbaOotg
J7 - vdds_usim - PWR NA NA NA NA NA NA NA NA
A2 - pbias_sim - PWR NA NA NA NA NA NA NA NA
G7/H7 - vdds_ - PWR NA NA NA NA NA NA NA NA
sdmmcl
Al - pbias_mmcl - PWR NA NA NA NA NA NA NA NA
P9 - vdda_dpll_ - PWR NA NA NA NA NA NA NA NA
mpu
G13 - vdda_dpll_ - PWR NA NA NA NA NA NA NA NA
core_audio
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Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] 4 5] RESET | RESET REL. 9 10] | STRENGTH U/D | CELL [13
1 2] STATE REL. MODE (mA) [11 TYPE
6] STATE [7] 81 12
Y16 - vdda_dpll_ - PWR NA NA NA NA NA NA NA NA
iva_per
G20 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
gpmc
G16 / H16 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
sdmmc2
G17/G18 - vdds_dv_c2c - PWR NA NA NA NA NA NA NA NA
/ G19
V22 - vdds_dv_cam - PWR NA NA NA NA NA NA NA NA
AB16 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank0
AB20 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank1
AB8 / - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
AB19 bank2
AB18 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank3
AA7 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank4
AB17 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank5
AA14 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank6
M28 - vdds_dv_ - PWR NA NA NA NA NA NA NA NA
bank7
w7 - vdds_dv_fref - PWR NA NA NA NA NA NA NA NA
AB14 - vdda_ldo_ - PWR NA NA NA NA NA NA NA NA
sram_mpu
N22 - vdda_ldo_ - PWR NA NA NA NA NA NA NA NA
sram_iva_
audio
T22 - vdda_ldo_ - PWR NA NA NA NA NA NA NA NA
sram_core
P7 - vdda_ldo_ - PWR NA NA NA NA NA NA NA NA
emu_wkup
AB12 - vdda_bdgp_ - PWR NA NA NA NA NA NA NA NA
vbb
AB13 - cap_vbb_Ido - PWR NA NA NA NA NA NA NA NA
_mpu
R21 - cap_vbb_ldo - PWR NA NA NA NA NA NA NA NA
_iva_audio
AB11 - cap_vdd_ldo - PWR NA NA NA NA NA NA NA NA
_sram_mpu
N21 - cap_vdd_ldo - PWR NA NA NA NA NA NA NA NA
_sram_iva_
audio
uz22 - cap_vdd_ldo - PWR NA NA NA NA NA NA NA NA
_sram_core
T7 - cap_vdd_ldo - PWR NA NA NA NA NA NA NA NA
_emu_wkup
A27 - atestv - AO 4 NA 0 vdds_ NA NA NA Analog
1p8v
AG28 - vsense - AO 4 NA 0 NA NA NA NA Analog
Copyright © 2010-2012, Texas Instruments Incorporated Terminal Description 67

Submit Documentation Feedback

Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

Table 2-1. Ball Characteristics®¥ (continued)

BALL BALL PIN MODE | TYPE | BALL BALL RESET | POWER | HYS BUFFER PULL 10
BOTTOM | TOP NAME [3] [4] [5] RESET | RESET REL. [9] [10] | STRENGTH U/D | CELL [13]
[1] [2] STATE REL. MODE (mA) [11] TYPE
[6] STATE [7] [8] [12]
AH27 - iforce - Al z NA 0 NA No NA No Analog
AH16 AJ17 | pop_lpddr21_ - FEED NA NA NA NA NA NA NA NA
Zq
AF28 AG29 | pop_lpddr22_ - FEED NA NA NA NA NA NA NA NA
Zq
A26 / B2 B2/ |pop_vacc_ - PWR NA NA NA NA NA NA NA NA
B28 |Ipddr2
AG27/C1| C1/ |pop_vddl_ - PWR NA NA NA NA NA NA NA NA

/| AG2 AH2 / | Ipddr2_
AH28 | shared

A13/C27 | A15/ | pop_vddl_ - PWR NA NA NA NA NA NA NA NA
[ AH14 C28/ | Ipddr21
AJ15
N1/P1/ N2/ | pop_vddl_ - PWR NA NA NA NA NA NA NA NA
R28 P29/ |Ipddr22
R1
AH3 /A3 /| A3/ |pop_vdd2_ - PWR NA NA NA NA NA NA NA NA

c28/ C29/ |lpddr2_
AF27 AG28 | shared

/ AH3
AG14/ | A16/ |pop_vdd2_ - | PWR | NA NA NA NA NA NA NA NA
A15/B15 | B16/ | lpddr21
AH15
N28/T1/ | P28/ | pop_vdd2_ - | PWR | NA NA NA NA NA NA NA NA
T2 T1/ |lpddr22
T2

M
@
©)
4)

®)
@)

NA stands for Not Applicable.
x andy = 20to 70 pA
x and y =40 to 70 pA

The cell is provided with the flexibility of selecting optimal voltage level based on the current load requirement among 2 WA, 4 YA, 6 JA,
or 8 pA.

From ES2.2, BALL RESET RELEASE STATE = H.
Before ES2.2 (that is, for ES2.0 and ES2.1), BALL RESET RELEASE STATE = Z.

The pullup or pulldown can be either the standard LVCMOS 100-pA drive strength or the configurable 12C internal pullup resistances.
The default buffer configuration is the following:

— PUx/PDy-OD is specified: the default buffer configuration is High-Speed I2C point-to-point mode using internal pullup resistance.
—  PUx/PDy-GPIO is specified: the default buffer configuration is standard LVCMOS mode (non-12C). The internal pullup resistance
programming does not apply in this mode.

In 12C mode configuration, for a full description of the internal pullup resistance programming according to the load range, see the
CONTROL_I2C_0 and CONTROL_I2C_2 registers in the Control Module / Control Module Functional Description / Functional Register
Description / Signal Integrity Parameter Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

In standard LVCMOS mode configuration (non-1>C mode), for a full description of the pullup or pulldown programming, see the
CONTROL_CORE_PADX registers in the Control Module / Control Module Functional Description / Pad Functional Multiplexing and
Configuration section of the OMAP4430 TRM.

(7) The drive strength is fixed regardless of the load. The driver is designed to drive 75 Q for video applications.
(8) In buffer mode, the drive strength is fixed regardless of the load. The driver is designed to drive 75 Q for video applications. In bypass

mode, the drive strength is 0.47 mA.

(9) PAD can be driven low or high impedance by the driver. External pullup is required and can vary between 1 kQ and 10 kQ. The circuitry

pulling up or pulling down the pad must be able to provide at least 100 pA of current without collapsing.

(10) PD: 30 kQ to 150 kQ. PU: 50 kQ to 110 kQ
(11) Nominal impedance:

— 1.8-Vmode: PU=48Q/PD=45Q

— 1.2-Vmode: PU=51Q/PD=510Q
Impedance spread:

— 1.8-Vmode: PU=30t092Q/PD=30t083Q
— 1.2-Vmode: PU=35t086 Q/PD =361t 74 Q
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(12) The maximum capacitive load for the DSI low-power mode is equal to 60 pF. See Chapter 8 of the MIPI D-PHY standard v1.0 for
complete specification on the electrical characteristics.
No specific capacitive load is needed in DSI high-speed mode.
The PCB interconnect must be 50-Q transmission line on DSI dsi_dx[2;0] and DSI dsi_dy[2;0]. DSI dsi_dx[2;0] and DSI dsi_dy[2;0] lines
must be well matched. See Chapter 7 of the MIPI D-PHY standard v1.0 for complete specification of the interconnect.

(13) The buffer strength of this 10 cell is programmable (2.5, 5, 7.5, or 10 mA); the default value is described in the table above.

(14) 10 drive strength for D+ (usbaO_otg_dp) and D- (usba0_otg_dm): minimum 18.3 mA, maximum 89 mA (for a power supply
vdda_usbaOotg_3p3v = 3.6 V).
Ball characteristics are compliant with USB2.0.

(15) PU = minimum 900 Q, maximum 3.090 kQ and PD = minimum 14.25 kQ, maximum 24.8 kQ. Note that:

— PU is typically connected for D+ (usbaO_otg_dp) in Full Speed mode and for D— (usba0_otg_dm) in Low Speed mode.

— PD is typically connected for D+ (usba0O_otg_dp) and D- (usbaO_otg_dm) whatever the modes. PD is connected to both D+ and D—
only if OMAP4 is used as HOST.

Ball characteristics are compliant with USB2.0.

(16) ForH2/H3/H4 /D2 /E3/E4/E2/E1/F4/F3/F1/G2/G4/G3/J2 balls, the hysteresis value is equal to 100 mV minimum for
1.8 V (vdds_mmc1 or vdds_usim following the interface used), or 50 mV minimum for 3.0 V (vdds_mmc1 or vdds_usim following the
interface used).

(17) The buffer drive strength is configurable by software programming:

— Mode 2: DSO = 0, impedance = 50 Q (buffer drive strength = 4 mA, 10, = 10y = 4 mA)

— Mode 1: DSO =1, impedance = 25 Q (buffer drive strength = 8 mA, 10, = 10y = 8 mA)

In the BUFFER STRENGTH (mA) [11] column is defined the value by default.

For more information regarding the DSO programming, see the CONTROL_SMART2I0_PADCONF_2 register in the Control Module /
Control Module Functional Description / Functional Register Description / Signal Integrity Parameter Control Registers With Pad Group
Assignment section of the OMAP4430 TRM.

For more information regarding the load, rise / fall times vs frequency depending the modes (DSO = 0 or 1) or the supply voltage value
(1.2 Vor 1.8 V), see Table 3-5, GPMC DC Electrical Characteristics.

(18) For AE18/ AG12 balls, the hysteresis value is equal to 70 mV minimum for 1.8 V and 60 mV minimum for 1.2 V. For P2 / V2 balls, the
hysteresis value is equal to 70 mV minimum for 1.8 V.

(19) For more information regarding the MIPI D-PHY hysteresis, see Section 3.3.3, Camera DC Electrical Characteristics, Section 3.3.4,
Display DC Electrical Characteristics.

(20) For B5/ B4 balls, the hysteresis is:

— Inlow-speed and full-speed single-ended receiver modes: minimum 20 mV, typical 50 mV, maximum 80 mV
— In differential receiver modes, no hysteresis feature is present.

(21) vpp must be unconnected. vpp_cust is only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave
vpp_cust turned off (floating). Note that if the TWL6030 PMIC is used then the vpp pulldown resistor inside the TWL6030 must be
disabled when the vpp_cust is turned off.

(22) 10 drive strength for usba0_otg_ce pin: minimum 100 pA, maximum 20 mA.

(23) If a CSI2 serial PHY is enabled, vdda_csi2 must be supplied by a dedicated 1.8-V low-noise power source.
If a CSI2 serial PHY is definitively disabled, other multiplexed 1.8-V CMOS signals of the interface can be enabled, the interface can be
supplied by the same power source as vdds_1p8v: the vdds_1p8v power source supplies vdda_csi2 ball.
If CSI2 serial PHY and CMOS signals are definitively disabled, the interface balls are left unconnected with its associated power supply
(vdda/vssa) grounded (for circuit reliability reasons).

(24) If a DSI serial PHY is enabled, vdda_dsi must be supplied by a dedicated 1.8-V low-noise power source.
If a DSI serial PHY is definitively disabled, the interface balls are left unconnected and in that case the associated power supply
(vdda/vssa) can be grounded (for circuit reliability reasons) only if the corresponding DSI DPLL is never used to generate the functional
clock to the DISPC.

(25) If the HDMI serial PHY or DAC are definitively disabled, the interface balls are left unconnected with its associated power supply
(vdda/vssa) grounded (for circuit reliability reasons).

(26) If the HS USB OTG PHY is enabled, vdda_usbaOotg_3p3v and vdda_usbaOotg_1p8v must be supplied by dedicated 3.3-V and 1.8-V
low-noise power sources.
If the USB OTG PHY is definitively disabled, other multiplexed 3.3-V CMOS signals of the interface can be enabled,
vdda_usbaOotg_3p3v must be supplied by a dedicated 3.3-V power source and vdda_usbaOotg_1p8v can be supplied by the same
power source as vdds_1p8v.
If the USB OTG PHY and CMOS signals are definitively disabled, vdda_usbaOotg_3p3v and vdda_usba0Ootg_1p8v are grounded for
power saving and there is a forward-biased diode from usbaO_otg_dp, usbaO_otg_dm, usba0_otg_ce pins to vdda_usbaOotg_3p3v pin.

(27) If the SDMMCL1 functional signals are enabled, vdds_sdmmcl must be supplied by either dedicated 1.8-V or 3.0-V power source.
If the SDMMC1 functional signals are definitively disabled, other multiplexed 1.8-V CMOS signals of the interface can be enabled, the
interface can be supplied by the same power source as vdds_1p8v: the vdds_1p8v power source supplies vdds_sdmmcl.
If the SDMMC1 functional balls and CMOS signals are definitively disabled, the interface balls are left unconnected with its associated
power supply (vdds_sdmmc1) grounded (for circuit reliability reasons).
For the corresponding setting of the MMC1_PWRDNZ bit (MMC1_IO_PWRDNZ signal) and the MMC1_PBIASLITE_PWRDNZ bit
(MMC1_PBIAS_PWRDNZ signal), see the Control Module / Control Module Functional Description / Extended-Drain 1/O and PBIAS Cell
section and the Control Module / Control Module Programming Guide section of the OMAP4430 TRM.

(28) If USIM, USBC1 functional signals are enabled, vdds_usim must be supplied by either dedicated 1.8-V or 3.0-V power source.
If USIM, USBCL1 functional signals are definitively disabled, other multiplexed 1.8-V CMOS signals of the interface can be enabled, the
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interface can be supplied by the same power source as vdds_1p8v: the vdds_1p8v power source supplies vdds_usim ball.
If the USIM, USBC1 functional balls and CMOS signals are definitively disabled, the interface balls are left unconnected with its
associated power supply (vdds_usim) grounded (for circuit reliability reasons).
For the corresponding setting of the GPIOWK_IO_PWRDNZ bit (GPIOWK_IO_PWRDNZ signal), the USBC1_ICUSB_PWRDNZ bit

(USBC1_ICUSB_IO_PWRDNZ signal) and the PBIASLITEL_PWRDNZ bit (PBIAS1_PWRDNZ signal), see the Control Module / Control
Module Functional Description / Extended-Drain I/O and PBIAS Cell section and the Control Module / Control Module Programming

Guide section of the OMAP4430 TRM.

(29) The function (data or clock) supported on each lane is programmable. For more information on HDMI, please contact your TI
representative.

(30) The HDMI pulldown resistor is only enabled when the HDMI supply is either ramping or off. Hence, this pulldown resistor is not linked
to the HDMI standard protocol.

2.3 Multiplexing Characteristics

Table 2-2 describes the device multiplexing (no characteristics are available in this table).

NOTE
This table doesn't take into account subsystem multiplexing signals. Subsystem multiplexing
signals are described in Section 2.4, Signal Descriptions.

NOTE
For more information, see the Control Module / Control Module Functional Description / PAD
Functional Multiplexing and Configuration section of the OMAP4430 TRM.

NOTE
Configuring two pins to the same input signal is not supported as it can yield unexpected
results. This can be easily prevented with the proper software configuration. (safe_mode is
not an input signal.)

NOTE
When a pad is set into a multiplexing mode which is not defined by pin multiplexing, this pad
is actually set undriven (HiZ) with potential pullup / pulldown. Pulls need to be disabled to
have a pure HiZ.

NOTE
All balls not described in Table 2-1 and Table 2-2 are not connected.

Table 2-2. Multiplexing Characteristics®®

BALL BALL Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM ToP
C12 - gpmc_ad0  |sdmmc2_ |- i . _ -
dat0
D12 - gpmc_adl sdmmc2_ - - R R _
datl
C13 - gpmc_ad2 sdmmc2_ - - . i _
dat2
D13 - gpmc_ad3 sdmmc2_ - - R R _
dat3
C15 - gpmc_ad4 sdmmc2_ sdmmc2_dir |- - R _
dat4 _dat0
D15 - gpmc_ad5  |sdmmc2_ | sdmmc2_dir |- ] _ -
dat5 _datl
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
Al6 - gpmc_ad6 sdmmc2_ sdmmc2_dir |- - - - -
dat6 _cmd
B16 - gpmc_ad7 sdmmc2_ sdmmc2_clk |- - - - -
dat7 _fdbk
C16 - gpmc_ad8 kpd_rowO - gpio_32 - sdmmcl_ - -
dat0
D16 - gpmc_ad9 kpd_rowl - gpio_33 - sdmmcl_ - -
datl
C17 - gpmc_ad10 | kpd_row2 - gpio_34 - sdmmcl_ - -
dat2
D17 - gpmc_adll |kpd_row3 - gpio_35 - sdmmcl_ - -
dat3
C18 - gpmc_ad12 | kpd_col0 - gpio_36 |- sdmmcl_ - -
dat4
D18 - gpmc_ad13 | kpd_coll - gpio_37 - sdmmcl_ - -
dat5
C19 - gpmc_adl4 | kpd_col2 - gpio_38 - sdmmci_ - -
dat6
D19 - gpmc_adl5 | kpd_col3 - gpio_39 - sdmmcl_ - -
dat7
B17 - gpmc_al6 kpd_row4 - gpio_40 venc_656_ |- - safe_mode
dataO
Al18 - gpmc_al7 kpd_row5 - gpio_41 venc_656_ |- - safe_mode
datal
B18 - gpmc_al8 kpd_row6 - gpio_42 venc_656_ |- - safe_mode
data2
A19 - gpmc_al9 kpd_row7 - gpio_43 venc_656_ |- - safe_mode
data3
B19 - gpmc_a20 kpd_col4 - gpio_44 venc_656_ |- - safe_mode
data4
B20 - gpmc_az21 kpd_col5 - gpio_45 venc_656_ |- - safe_mode
datab
A21 - gpmc_a22 kpd_col6 - gpio_46 venc_656_ |- - safe_mode
data6
B21 - gpmc_a23 kpd_col7 - gpio_47 venc_656_ |- - safe_mode
data7
C20 - gpmc_a24 kpd_col8 - gpio_48 - - - safe_mode
D20 - gpmc_a25 - - gpio_49 |- - - safe_mode
B25 - gpmc_ncsO |- - gpio_50 Sys_ - - -
ndmareq0
c21 - gpmc_ncsl |- - gpio_51 - - - safe_mode
D21 - gpmc_ncs2 | kpd_row8 - gpio_52 - - - safe_mode
Cc22 - gpmc_ncs3 | gpmc_dir - gpio_53 - - - safe_mode
C25 - gpmc_nwp dsil_teO - gpio_54 sys_ - - -
ndmareql
B22 - gpmc_clk - - gpio_55 |sys_ sdmmecl_ - -
ndmareq2 cmd
D25 - gpmc_nadv_ | dsil_tel - gpio_56 Sys_ sdmmcl_clk |- -
ale ndmareq3
B11 - gpmc_noe sdmmc2_clk |- - - - - -
B12 - gpmc_nwe sdmmc2_ - - - - - -
cmd
Cc23 - gpmc_nbeO_ | dsi2_te0 - gpio_59 - - - -
cle
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
D22 - gpmc_nbel |- - gpio_60 - safe_mode
B26 - gpmc_wait0 | dsi2_tel - gpio_61 - -
B23 - gpmc_waitl | - - gpio_62 - safe_mode
D23 - gpmc_wait2 |usbcl_icusb |- gpio_100 |sys_ safe_mode
_txen ndmareq0
A24 - gpmc_ncs4 | dsil_teO - gpio_101 |sys_ safe_mode
ndmareql
B24 - gpmc_ncs5 | dsil_tel - gpio_102 |sys_ safe_mode
ndmareq2
C24 - gpmc_ncs6 | dsi2_te0 - gpio_103 |sys_ safe_mode
ndmareq3
D24 - gpmc_ncs7 | dsi2_tel - gpio_104 |- safe_mode
- E29 Ipddr21_dq0 |- - - - -
- D28 Ipddr21_dql |- - - - -
- B27 Ipddr21_dg2 |- - - - -
- A27 Ipddr21_dg3 |- - - - -
- A26 Ipddr21_dg4 |- - - - -
- B26 Ipddr21_dg5 |- - - - -
- A25 Ipddr21_dg6 |- - - - -
- A24 lpddr21_dq7 |- - - - -
- B19 Ipddr21_dg8 |- - - - -
- Al9 Ipddr21_dq9 |- - - - -
- Al18 Ipddr21_ - - - - -
dql0
- A17 Ipddr21_ - - - - -
dgll
- B17 Ipddr21_ - - - - -
dql2
- A13 Ipddr21_ - - - - -
dql3
- Al12 Ipddr21_ - - - - -
dql4
- B12 Ipddr21_ - - - - -
dql5
- N28 Ipddr21_ - - - - -
dql6
- N29 Ipddr21_ - - - - -
dql7
- M29 Ipddr21_ - - - - -
dql8
- L28 Ipddr21_ - - - - -
dql9
- K28 Ipddr21_ - - - - -
dqg20
- K29 Ipddr21_ - - - - -
dg21
- J29 Ipddr21_ - - - - -
dg22
- H29 Ipddr21_ - - - - -
dg23
- B8 Ipddr21_ - - - - -
dg24
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
- A8 Ipddr21_ - - - -
dg25
- A7 Ipddr21_ - - - -
dg26
- B6 Ipddr21_ - - - -
dqg27
- B5 Ipddr21_ - - - -
dg28
- A5 Ipddr21_ - - - -
dg29
- Ad Ipddr21_ - - - -
dq30
- B3 Ipddr21_ - - - -
dg31
- AJ27 |lpddr21_ca0 |- - - -
- AH27 |lpddr21_cal |- - - -
- AH26 |lpddr21_ca2 |- - - -
- AH25 |lIpddr21_ca3 |- - - -
- AJ25 |Ipddr21_ca4 |- - - -
- AJ20 |lIpddr21_ca5 |- - - -
- AH20 |lIpddr21_ca6 |- - - -
- AH19 |lpddr21_ca7 |- - - -
- AJ18 |lIpddr21_ca8 |- - - -
- AH17 |lpddr21_ca9 |- - - -
- A23 Ipddr21_ - - - -
dgs0
- B23 Ipddr21_ - - - -
ndqs0
- A20 Ipddr21_ - - - -
dgsl
- B20 Ipddr21_ - - - -
ndgsl
- G28 Ipddr21_ - - - -
dgs2
- G29 Ipddr21_ - - - -
ndqs2
- B10 Ipddr21_ - - - -
dgs3
- A10 Ipddr21_ - - - -
ndqs3
- B22 Ipddr21_dmo | - - - -
- A21 Ipddr21_dm1 | - - - -
- F28 Ipddr21_dm2 | - - - -
- B11 Ipddr21_dm3 | - - - -
- AJ21 |lpddr21_ck - - - -
- AH21 |lpddr21_nck |- - - -
AH28 AH24 | lpddr21_ - - - -
ncso
- AJ24 | lpddr21_ - - - -
ncsl
- AH23 | lpddr21_ - - - -
cke0
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP

- AJ23 |lpddr21_ - - - - - - -
ckel

- AH16 | Ipddr21_vref |- - - - - - -
_ca

- B15 lpddr21_vref |- - - - - - -
_dq

- L2 Ipddr22_dq0 |- - - - - - -

- M1 Ipddr22_dql |- - - - - - -

- N1 Ipddr22_dg2 |- - - - - - -

- u2 Ipddr22_dg3 |- - - - - - -

- V1 lpddr22_dg4 | - - - - - - -

- w2 Ipddr22_dg5 |- - - - - - -

- w1 Ipddr22_dg6 |- - - - - - -

- Y2 Ipddr22_dq7 |- - - - - - -

- AE1l Ipddr22_dg8 |- - - - - - -

- AF1 Ipddr22_dq9 |- - - - - - -

- AG1 | lpddr22_ - - - - - - -
dql0

- AG2 | lpddr22_ - - - - - - -
dqll

- AJ3 Ipddr22_ - - - - - - -
dql2

- AH4 Ipddr22_ - - - - - - -
dql3

- AJ5 Ipddr22_ - - - - - - -
dql4

- AH6 Ipddr22_ - - - - - - -
dql5

- C2 Ipddr22_ - - - - - - -
dql6

- D1 Ipddr22_ - - - - - - -
dql7

- El Ipddr22_ - - - - - - -
dql8

- E2 Ipddr22_ - - - - - - -
dql9

- F2 Ipddr22_ - - - - R - _
dg20

- Gl Ipddr22_ - - - - - - -
dg21

- H1 Ipddr22_ - - - - R - _
dg22

- H2 Ipddr22_ - - - - - - -
dg23

- AJ9 Ipddr22_ - - - - - - -
dg24

- AJ10 |lpddr22_ - - - - - - -
dg25

- AH10 |lpddr22_ - - - - - - -
dg26

- AH11 |lpddr22_ - - - - - - -
dqg27

- AJ12 |lpddr22_ - - - - - - -
dg28
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
- AJ13 | lpddr22_ - - - -
dg29
- AH13 | lpddr22_ - - - -
dq30
- AJ14 | lpddr22_ - - - -
dg31
- R29 Ipddr22_ca0 |- - - -
- T29 Ipddr22_cal |- - - -
- u29 Ipddr22_ca2 |- - - -
- V29 Ipddr22_ca3 | - - - -
- w28 Ipddr22_ca4 | - - - -
- AC29 |Ipddr22_ca5 |- - - -
- AD29 |Ipddr22_ca6 |- - - -
- AD28 |Ipddr22_ca7 |- - - -
- AE28 |Ipddr22_ca8 |- - - -
- AF29 |lpddr22_ca9 |- - - -
- AAl Ipddr22_ - - - -
dgs0
- AA2 Ipddr22_ - - - -
ndqs0
- AD2 Ipddr22_ - - - -
dgsl
- AD1 Ipddr22_ - - - -
ndgsl
- K2 Ipddr22_ - - - -
dgs2
- K1 Ipddr22_ - - - -
ndqs2
- AH8 Ipddr22_ - - - -
dgs3
- AJ8 Ipddr22_ - - - -
ndqs3
- AB1 Ipddr22_dmo | - - - -
- AC2 Ipddr22_dm1 | - - - -
- L1 Ipddr22_dm2 | - - - -
- AH7 Ipddr22_dm3 | - - - -
- AB28 | Ipddr22_ck - - - -
- AB29 |Ipddr22_nck |- - - -
- Y28 Ipddr22_ - - - -
ncso
- w29 Ipddr22_ - - - -
ncsl
- AA29 | lpddr22_ - - - -
cke0
- Y29 Ipddr22_ - - - -
ckel
- u28 Ipddr22_vref | - - - -
_ca
- R2 Ipddr22_vref |- - - -
_dg
P3 - dsil_dx0 - - - -
P4 - dsil_dyO - - - -
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP

N3 - dsil_dx1 - - - - - - -

N4 - dsil_dyl - - - - - - -

M3 - dsil_dx2 - - - - - - -

M4 - dsil_dy2 - - - - - - -

L3 - dsil_dx3 - - - - - - -

L4 - dsil_dy3 - - - - - - -

K3 - dsil_dx4 - - - - - - -

K4 - dsil_dy4 - - - - - - -

T3 - dsi2_dx0 - - - - - - -

T4 - dsi2_dy0 - - - - - - -

U3 - dsi2_dx1 - - - - - - -

U4 - dsi2_dy1 - - - - - - -

V3 - dsi2_dx2 - - - - - - -

V4 - dsi2_dy2 - - - - - - -

B7 - cvideo_tvout | - - - - - - -

Cc7 - cvideo_vfb - - - - - - -

D7 - cvideo_rset |- - - - - - -

B9 - hdmi_hpd - - gpio_63 - - - safe_mode
B10 - hdmi_cec - - gpio_64 - - - safe_mode

A8 - hdmi_ddc_ |- - gpio_65 - - - safe_mode

scl
B8 - hdmi_ddc_ |- - gpio_66 - - - safe_mode
sda

Cc8 - hdmi_data2x | - - - - - - -

D8 - hdmi_data2y | - - - - - - -

C9 - hdmi_datalx |- - - - - - -

D9 - hdmi_dataly |- - - - - - -

C10 - hdmi_dataOx | - - - - - - -

D10 - hdmi_dataOy | - - - - - - -

Cl11 - hdmi_clockx |- - - - - - -

D11 - hdmi_clocky |- - - - - - -

R26 - csi21_dx0 - - gpi_67 - - - safe_mode
R25 - csi2l_dy0 - - gpi_68 - - - safe_mode
T26 - csi2l_dx1 - - gpi_69 - - - safe_mode
T25 - csi2l_dyl - - gpi_70 - - - safe_mode
u26 - csi2l_dx2 - - gpi_71 - - - safe_mode
u25 - csi2l_dy2 - - gpi_72 - - - safe_mode
V26 - csi2l_dx3 - - gpi_73 - - - safe_mode
V25 - csi2l_dy3 - - gpi_74 - - - safe_mode
W26 - csi2l_dx4 - - gpi_75 - - - safe_mode
w25 - csi2l_dy4 - - gpi_76 - - - safe_mode
M26 - csi22_dx0 - - gpi_77 - - - safe_mode
M25 - csi22_dy0 - - gpi_78 - - - safe_mode
N26 - csi22_dx1 - - gpi_79 - - - safe_mode
N25 - csi22_dyl - - gpi_80 - - - safe_mode
T27 - cam_shutter |- - gpio_81 - - - safe_mode
u27 - cam_strobe |- - gpio_82 - - - safe_mode
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
V27 - cam_ - - gpio_83 - - - safe_mode
globalreset
AE18 - usbbl_ulpitll | hsil_cawake |- gpio_84 usbbl_ - attila_hw_ safe_mode
_clk ulpiphy_clk dbg20
AG19 - usbbl_ulpitll | hsil_cadata | mchsp4_clkr | gpio_85 usbbl_ usbbl_mm_ | attila_hw_ safe_mode
_stp ulpiphy_stp | rxdp dbg21
AF19 - usbbl_ulpitll | hsil_caflag | mcbsp4_fsr | gpio_86 usbbl_ - attila_hw_ safe_mode
_dir ulpiphy_dir dbg22
AE19 - usbbl_ulpitll | hsil_acready | mchsp4_fsx | gpio_87 usbbl_ usbbl_mm_ | attila_hw_ safe_mode
_hxt ulpiphy_nxt | rxdm dbg23
AF18 - usbbl_ulpitll | hsil_acwake | mcbsp4_clkx | gpio_88 usbbl_ usbbl_mm_ | attila_hw_ safe_mode
_dat0 ulpiphy_dat0 | txen dbg24
AG18 - usbbl_ulpitll | hsil_acdata | mcbhsp4_dx | gpio_89 usbbl_ usbbl_mm_ | attila_hw_ safe_mode
_datl ulpiphy_datl | txdat dbg25
AE17 - usbbl_ulpitll | hsil_acflag | mcbsp4_dr | gpio_90 usbbl_ usbbl_mm_ | attila_hw_ safe_mode
_dat2 ulpiphy_dat2 | txse0 dbg26
AF17 - usbbl_ulpitll | hsil_caready | - gpio_91 usbbl_ usbbl_mm_ | attila_hw_ safe_mode
_dat3 ulpiphy_dat3 | rxrcv dbg27
AH17 - usbbl_ulpitll | dmtimer8_ abe_mcbsp3 | gpio_92 usbbl_ - attila_hw_ safe_mode
_dat4 pwm_evt _dr ulpiphy_dat4 dbg28
AE16 - usbbl_ulpitll | dmtimer9_ abe_mcbsp3 | gpio_93 usbbl_ - attila_hw_ safe_mode
_dat5 pwm_evt _dx ulpiphy_dat5 dbg29
AF16 - usbbl_ulpitll | dmtimerl0_ | abe_mcbsp3 | gpio_94 usbbl_ abe_dmic_ attila_hw_ safe_mode
_dat6 pwm_evt _clkx ulpiphy_dat6 | din3 dbg30
AG16 - usbbl_ulpitll | dmtimerl1l_ | abe_mcbsp3 | gpio_95 usbbl_ abe_dmic_ attila_hw_ safe_mode
_dat7 pwm_evt _fsx ulpiphy_dat7 | clk3 dbg31
AF14 - usbbl_hsic_ |- - gpio_96 - - - safe_mode
data
AE14 - usbbl_hsic_ |- - gpio_97 - - - safe_mode
strobe
H4 - sim_io - - gpio_wk0 |- - attila_hw_ safe_mode
dbgl
J2 - sim_clk - - gpio_wkl |- - attila_hw_ safe_mode
dbg2
G2 - sim_reset - - gpio_wk2 |- - attila_hw_ safe_mode
dbg3
Jl - sim_cd - - gpio_wk3 |- - attila_hw_ safe_mode
dbg4
K1 - sim_pwrctrl | - - gpio_wk4 |- - attila_hw_ safe_mode
dbg5
H2 - usbcl_icusb |- - gpio_98 - - - safe_mode
_dp
H3 - usbcl_icusb |- - gpio_99 - - - safe_mode
_dm
D2 - sdmmcl_clk |- dpm_emul9 |gpio_100 |- - - safe_mode
E3 - sdmmcl_ - uartl_rx gpio_101 |- - - safe_mode
cmd
E4 - sdmmcl_ - dpm_emul8 |gpio_102 |- - - safe_mode
dat0
E2 - sdmmcl_ - dpm_emul7 |gpio_103 |- - - safe_mode
datl
El - sdmmcl_ - dpm_emul6 |gpio_104 |jtag_tms_ - - safe_mode
dat2 tmsc
F4 - sdmmcl_ - dpm_emul5 | gpio_105 |jtag_tck - - safe_mode
dat3
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
F3 - sdmmcl_ - - gpio_106 |- - - safe_mode
dat4
F1 - sdmmcl_ - - gpio_107 |- - - safe_mode
dats
G4 - sdmmcl_ - - gpio_108 |- - - safe_mode
dat6
G3 - sdmmcl_ - - gpio_109 |- - - safe_mode
dat7
AD27 - abe_mcbsp2 | mcspi2_clk | abe_mcasp_ | gpio_110 |usbb2_mm_ |- - safe_mode
_clkx ahclkx rxdm
AD26 - abe_mcbsp2 | mcspi2_somi | abe_mcasp_ | gpio_111 |usbb2_mm_ |- - safe_mode
_dr axr rxdp
AD25 - abe_mcbsp2 | mcspi2_simo | abe_mcasp_ | gpio_112 |usbb2_mm_ |- - safe_mode
_dx amute rXrcv
AC28 - abe_mcbsp2 | mcspi2_csO | abe_mcasp_ | gpio_113 |usbb2_mm_ |- - safe_mode
_fsx afsx txen
AC26 - abe_mcbspl | abe_slimbus |- gpio_114 |- - - safe_mode
_clkx 1_clock
AC25 - abe_mcbspl | abe_slimbus |- gpio_115 |- - - safe_mode
_dr 1 _data
AB25 - abe_mcbspl | sdmmc3_ abe_mcasp_ | gpio_116 |- - - safe_mode
_dx dat2 aclkx
AC27 - abe_mcbspl | sdmmc3_ abe_mcasp_ | gpio_117 |- - - safe_mode
_fsx dat3 amutein
AG25 - abe_pdm_ul |abe_mcbsp3 |- - - - - safe_mode
_data _dr
AF25 - abe_pdm_dl |abe_mcbsp3 |- - - - - safe_mode
_data _dx
AE25 - abe_pdm_ abe_mcbsp3 | - - - - - safe_mode
frame _clkx
AF26 - abe_pdm_Ilb |abe_mcbsp3 |- - - - - safe_mode
_clk _fsx
AH26 - abe_clks - - gpio_118 |- - - safe_mode
AE24 - abe _dmic_ |- - gpio_119 |usbb2_mm_ |uart4_cts - safe_mode
clkl txse0
AF24 - abe_dmic_ |- - gpio_120 |usbb2_mm_ |uart4_rts - safe_mode
dinl txdat
AG24 - abe_dmic_ | slimbus2_ abe_mcasp_ |gpio_121 |- dmtimerll_ |- safe_mode
din2 clock axr pwm_evt
AH24 - abe_dmic_ | slimbus2_ abe_dmic_ | gpio_122 |- dmtimer9_ - safe_mode
din3 data clk2 pwm_evt
AB26 - uart2_cts sdmme3_clk |- gpio_123 |- - - safe_mode
AB27 - uart2_rts sdmmc3_ - gpio_124 |- - - safe_mode
cmd
AA25 - uart2_rx sdmmc3_ - gpio_125 |- - - safe_mode
dat0
AA26 - uart2_tx sdmmc3_ - gpio_126 |- - - safe_mode
datl
AA27 - hdq_sio i2c3_scch i2c2_scch gpio_127 |- - - safe_mode
AE28 - i2c1_scl - - - - - - -
AE26 - i2cl_sda - - - - - - -
C26 - i2c2_scl uartl_rx - gpio_128 |- - - safe_mode
D26 - i2c2_sda uartl_tx - gpio_129 |- - - safe_mode
w27 - i2c3_scl - - gpio_130 |- - - safe_mode
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
Y27 - i2c3_sda - - gpio_131 |- - - safe_mode
AG21 - i2c4_scl - - gpio_132 |- - - safe_mode
AH22 - i2c4_sda - - gpio_133 |- - - safe_mode
AG9 - sr_scl - - - - - - -
AF9 - sr_sda - - - - - - -
AF22 - mespil_clk |- - gpio_134 |- - - safe_mode
AE22 - mcspil_somi | - - gpio_135 |- - - safe_mode
AG22 - mcspil_simo | - - gpio_136 |- - - safe_mode
AE23 - mcspil_csO |- - gpio_137 |- - - safe_mode
AF23 - mcspil_csl |uartl_rx - gpio_138 |- - - safe_mode
AG23 - mcspil_cs2 |uartl_cts slimbus2_ gpio_139 |- - - safe_mode
clock
AH23 - mcspil_cs3 |uartl_rts slimbus2_ gpio_140 |- - - safe_mode
data
F27 - uart3_cts_ uartl_tx - gpio_141 |- - - safe_mode
rctx
F28 - uart3_rts_sd | - - gpio_142 |- - - safe_mode
G27 - uart3_rx_irrx | dmtimer8_ - gpio_143 |- - - safe_mode
pwm_evt
G28 - uart3_tx_irtx | dmtimer9_ - gpio_144 |- - - safe_mode
pwm_evt
AES5 - sdmmc5_clk | mcspi2_clk | usbcl_icusb | gpio_145 |- sdmmc2_clk |- safe_mode
_dp
AF5 - sdmmc5_ mcspi2_simo | usbcl_icusb | gpio_146 |- sdmmc2_ - safe_mode
cmd _dm cmd
AE4 - sdmmc5_ mcspi2_somi | usbcl_icusb |gpio_147 |- sdmmc2_ - safe_mode
dat0 _rev dat0
AF4 - sdmmc5_ - usbcl icusb |gpio_148 |- sdmmc2_ - safe_mode
datl _txen datl
AG3 - sdmmc5_ mcspi2_csl | - gpio_149 |- sdmmc2_ - safe_mode
dat2 dat2
AF3 - sdmmc5_ mcspi2_cs0 | - gpio_150 |- sdmmc2_ - safe_mode
dat3 dat3
AE21 - mcspi4_clk | sdmmc4_clk | kpd_col6 gpio_151 |- - - safe_mode
AF20 - mcspi4_simo | sdmmc4_ kpd_col7 gpio_152 |- - - safe_mode
cmd
AF21 - mcspi4_somi | sdmmc4_ kpd_row6 gpio_153 |- - - safe_mode
datO
AE20 - mcspi4_csO | sdmmc4_ kpd_row?7 gpio_154 |- - - safe_mode
dat3
AG20 - uart4_rx sdmmc4_ kpd_row8 gpio_155 |- - - safe_mode
dat2
AH19 - uart4_tx sdmmc4_ kpd_col8 gpio_156 |- - - safe_mode
datl
AG12 - usbb2_ulpitll | usbb2_ sdmmc4_ gpio_157 | hsi2_cawake | - - safe_mode
_clk ulpiphy_clk | cmd
AF12 - usbb2_ulpitll | usbb2_ sdmmc4_clk | gpio_158 |hsi2_cadata |dispc2_ - safe_mode
_stp ulpiphy_stp data23
AE12 - usbb2_ulpitll | usbb2_ sdmmc4_ gpio_159 |hsi2_caflag |dispc2_ - safe_mode
_dir ulpiphy_dir dat0 data22
AG13 - usbb2_ulpitll | usbb2_ sdmmc4_ gpio_160 | hsi2_acready | dispc2_ - safe_mode
_nxt ulpiphy_nxt | datl data21
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
AE11 - usbb2_ulpitll | usbb2_ sdmmc4_ gpio_161 | hsi2_acwake | dispc2_ usbb2_mm_ | safe_mode
_dat0 ulpiphy_dat0 | dat2 data20 txen
AF11 - usbb2_ulpitll | usbb2_ sdmmc4_ gpio_162 | hsi2_acdata |dispc2_ usbb2_mm_ | safe_mode
_datl ulpiphy_datl | dat3 datal9 txdat
AG11 - usbb2_ulpitll | usbb2_ sdmmc3_ gpio_163 |hsi2_acflag |dispc2_ usbb2_mm_ | safe_mode
_dat2 ulpiphy_dat2 | dat2 datal8 txse0
AH11 - usbb2_ulpitll | usbb2_ sdmmc3_ gpio_164 | hsi2_caready | dispc2_ rfbi_datal5 | safe_mode
_dat3 ulpiphy_dat3 | datl datal5
AE10 - usbb2_ulpitll | usbb2_ sdmmc3_ gpio_165 | mcspi3_somi | dispc2_ rfbi_datal4 | safe_mode
_dat4 ulpiphy_dat4 | datO datal4
AF10 - usbb2_ulpitll | usbb2_ sdmmc3_ gpio_166 | mcspi3_csO | dispc2_ rfbi_datal3 | safe_mode
_dat5 ulpiphy_dat5 | dat3 datal3
AG10 - usbb2_ulpitll | usbb2_ sdmmc3_ gpio_167 | mcspi3_simo | dispc2_ rfbi_datal2 |safe_mode
_dat6 ulpiphy_dat6 | cmd datal2
AE9 - usbb2_ulpitll | usbb2_ sdmmc3_clk | gpio_168 | mcspi3_clk dispc2_ rfbi_datall |safe_mode
_dat7 ulpiphy_dat7 datall
AF13 - usbb2_hsic_ |- - gpio_169 |- - - safe_mode
data
AE13 - usbb2_hsic_ |- - gpio_170 |- - - safe_mode
strobe
G26 - kpd_col3 kpd_col0 - gpio_171 |- - - safe_mode
G25 - kpd_col4 kpd_coll - gpio_172 |- - - safe_mode
H26 - kpd_col5 kpd_col2 - gpio_173 |- - - safe_mode
H25 - kpd_col0 kpd_col3 - gpio_174 |- - - safe_mode
J27 - kpd_coll kpd_col4 - gpio_0 - - - safe_mode
H27 - kpd_col2 kpd_col5 - gpio_1 - - - safe_mode
J26 - kpd_row3 kpd_row0 - gpio_175 |- - - safe_mode
J25 - kpd_row4 kpd_rowl - gpio_176 |- - - safe_mode
K26 - kpd_row5 kpd_row2 - gpio_177 |- - - safe_mode
K25 - kpd_row0 kpd_row3 - gpio_178 |- - - safe_mode
L27 - kpd_row1l kpd_row4 - gpio_2 - - - safe_mode
K27 - kpd_row2 kpd_row5 - gpio_3 - - - safe_mode
C3 - usbaO_otg_ |- - - - - - -
ce
B5 - usbaO_otg_ | uart3_rx_irrx | uart2_rx - - - - safe_mode
dp
B4 - usba0_otg_ | uart3_tx_irtx | uart2_tx - - - - safe_mode
dm
AH6 - fref_xtal_in - - - - - - -
AH5 - fref_xtal_out |- - - - - - -
AG5 - fref_xtal_ - - - - - - -
VSSOSC
AG8 - fref_slicer_in |- - gpi_wk5 |- - - safe_mode
AD1 - fref_clk_ - - - - - - -
ioreq
AD2 - fref_clkO_out | fref_clkl_req | sys_drm_ gpio_wk6 |- sdmmc2_ attila_hw_ safe_mode
msecure dat7 dbg6
AA28 - fref_clkl_out | - - gpio_181 |- - - safe_mode
Y28 - fref_clk2_out | - - gpio_182 |- - - safe_mode
AD3 - fref_clk3_req | fref_clk1l_req | sys_drm_ gpio_ - sdmmc2_ attila_hw_ safe_mode
msecure wk30 dat4 dbg7
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
AD4 - fref_clk3_out | fref_clk2_req | sys_secure_ | gpio_ - sdmmc2_ attila_hw_ safe_mode
indicator wk31 dat5 dbg8
AC2 - fref_clk4_req | fref_clk5_out | - gpio_wk7 |- sdmmc2_ attila_hw_ -
dat6 dbg9
AC3 - fref_clk4_out | - - gpio_wk8 |- - attila_hw_ -
dbg10
AG7 - sys_32k - - - - - - -
AE7 - sys_ - - - - - - -
nrespwron
AF7 - Sys_ - - - - - - -
nreswarm
AH7 - Sys_pwr_req |- - - - - - -
AG6 - Sys_pwron_ | - - gpio_ - - attila_hw_ -
reset_out wk29 dbgl1
AE6 - sys_nirql - - - - - - safe_mode
AF6 - sys_nirg2 - - gpio_183 |- - - safe_mode
F26 - sys_boot0 - - gpio_184 |- - - safe_mode
E27 - sys_bootl - - gpio_185 |- - - safe_mode
E26 - sys_boot2 - - gpio_186 |- - - safe_mode
E25 - sys_boot3 - - gpio_187 |- - - safe_mode
D28 - sys_boot4 - - gpio_188 |- - - safe_mode
D27 - sys_boot5 - - gpio_189 |- - - safe_mode
AF8 - sys_boot6 dpm_emul8 |- gpio_wk9 |- - attila_hw_ safe_mode
dbg12
AES8 - sys_boot7 dpm_emul9 |- gpio_ - - attila_hw_ safe_mode
wk10 dbg13
AH2 - jtag_ntrst - - - - - - -
AG1 - jtag_tck - - - - - - safe_mode
AE3 - jtag_rtck - - - - - - -
AH1 - jtag_tms_ - - - - - - safe_mode
tmsc
AE1l - jtag_tdi - - - - - - -
AE2 - jtag_tdo - - - - - - -
M2 - dpm_emu0 |- - gpio_11 - - attila_hw_ safe_mode
dbg0
N2 - dpm_emul |- - gpio_12 - - attila_hw_ safe_mode
dbg1l
P2 - dpm_emu2 | ushaO_ - gpio_13 - dispc2_fid attila_hw_ safe_mode
ulpiphy_clk dbg2
V1 - dpm_emu3 | usbaO_ - gpio_14 rfbi_datal0 |dispc2_ attila_hw_ safe_mode
ulpiphy_stp datal0 dbg3
V2 - dpm_emu4 | ushaO_ - gpio_15 rfbi_data9 dispc2_data9 | attila_hw_ safe_mode
ulpiphy_dir dbg4
wi - dpm_emu5 | usbaO_ - gpio_16 rfbi_te_ dispc2_ attila_hw_ safe_mode
ulpiphy_nxt vsyncO datal6 dbg5
w2 - dpm_emu6 | ushaO_ uart3_tx_irtx | gpio_17 rfbi_hsyncO | dispc2_ attila_hw_ safe_mode
ulpiphy_datO datal? dbg6
w3 - dpm_emu7 | usbaO_ uart3_rx_irrx | gpio_18 rfbi_cs0 dispc2_ attila_hw_ safe_mode
ulpiphy_datl hsync dbg7
w4 - dpm_emu8 | ushaO_ uart3_rts_sd | gpio_19 rfbi_re dispc2_pclk | attila_hw_ safe_mode
ulpiphy_dat2 dbg8
Y2 - dpm_emu9 | usbaO_ uart3_cts_ gpio_20 rfbi_we dispc2_ attila_hw_ safe_mode
ulpiphy_dat3 | rctx vsync dbg9
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
Y3 - dpm_emulO |usbaO_ - gpio_21 rfbi_a0 dispc2_de attila_hw_ safe_mode
ulpiphy_dat4 dbg10
Y4 - dpm_emull |usbhaO_ - gpio_22 rfbi_data8 dispc2_data8 | attila_hw_ safe_mode
ulpiphy_dat5 dbg11l
AAl - dpm_emul2 |usbaO_ - gpio_23 rfbi_data7 dispc2_data7 | attila_hw_ safe_mode
ulpiphy_dat6 dbg12
AA2 - dpm_emul3 |usbhaO_ - gpio_24 rfbi_data6 dispc2_data6 | attila_hw_ safe_mode
ulpiphy_dat7 dbg13
AA3 - dpm_emul4 |sys_drm_ uartl_rx gpio_25 rfbi_data5 dispc2_datas | attila_hw_ safe_mode
msecure dbg14
AA4 - dpm_emul5 |sys_secure_ |- gpio_26 rfbi_data4 dispc2_data4 | attila_hw_ safe_mode
indicator dbg15
AB2 - dpm_emul6 |dmtimer8_ dsil_teO gpio_27 rfbi_data3 dispc2_data3 | attila_hw_ safe_mode
pwm_evt dbg16
AB3 - dpm_emul7 |dmtimer9_ dsil_tel gpio_28 rfbi_data2 dispc2_data2 | attila_hw_ safe_mode
pwm_evt dbgl7
AB4 - dpm_emul8 |dmtimerl0_ |dsi2_te0 gpio_190 | rfbi_datal dispc2_datal | attila_hw_ safe_mode
pwm_evt dbg18
AC4 - dpm_emul9 |dmtimerll_ |dsi2_tel gpio_191 | rfbi_dataO dispc2_dataO | attila_hw_ safe_mode
pwm_evt dbg19
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Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode 0 Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
H1/M1/ | A2/ A6/ |vss - - -
AB1/C2/ | A9/ A1l
F2/K2/ | Al4 ]/
U2/AF2/ | A28/ B1
B3/J3/J4| /B14/
/| AG4/B6/ B21/
K8 /U8/ B24/
AH8 /N9 / B29/
Al10/AH10 | E28 / F1
/H11/ [ H28 /
AA11/N12 | J1/L29
/P12 /R12 |/ M2/ P1
/T12/U12 P2/
[ AA12 / R28/V2
B13/H13/| /Vv28/
M13/N13/| AA28/
P13/R13/ AB2/
T13/U13/ AE2/
AH13/M14 | AF28/
/ N14 / P14 AH1/
/R14/T14 AH5/
/U14/M15| AH14/
/N15/P15 | AH18/
/R15/T15 | AH29/
/U15/M16 | AJ2/
/ N16 / P16 AJ7 /
/R16/T16 | AJ11/
/U16/H17 | AJ16/
/M17 | N17 | AJ22/
/ P17 | R17 AJ28
/ T17 / U17
1Y17 /
AG17 / H19
[/ A20/
AA20/J21
/L21/ M21
/u21/
AH21 / M22
/ A23 | F25
/L25/Y25
/L26 /Y26
| AG26 /
B27 | AE27
/ H28 | K28
/U28
Y22 - vpp® - - .
J8 - vpp_cust® - - -
J9/K9/L9 - vdd_core - - -
IM9/T9/
J10/J11/
Y11/H12/
J12/Y12/
J13/Y13/
AA13/J15
/1316 /317 /
H18/J18/
J19/J20/
K20 /L20/
M20 / N20 /
R20/T20/
U20/Vv20
V8 /W8 / - vdd_mpu - - -
Y8/U9/
V9 /W9 /
Y9/Y10/
AA10
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BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
AAl17 /Y18 - vdd_iva_ - - -
/ AA18 / audio
Y19/ AA19
/W20 /Y20
V21 /W21
/Y21
AA16 - vdds_1p2v - - -
AB7 / U7/ - vdds_1p8v - - -
V7 /1K7/
H22 /322 /
w22
Y7 - vdds_1p8_ - - -
fref
D1/G1/ | A22/B4 |vddg_lpddr2 - - -
ui/yi/ |/B7/B9
AC1/AF1/| /B13/
A4 | AH4 | B18/
A6/L7/ |B25/D2
G8/H8/ /D29 /
L8/ M8/ |F29/G2
AAB/ A9/ |1J2]J28
H9/AA9/ | I M28/
AB9/AH9/|UL1/Y1/
Al2/AH12 | AC1/
[ A17 /H20 | AF2/
/G21/H21| AH9/
[ A22 ] A25 | AH12/
/ E28 /328 Ad4 |
/L28 AJ6
G15 - vddq_vref_ - - -
Ipddr21
T8 - vddg_vref_ - - -
Ipddr22
AH18/ T28/ |vddca_ - - -
AH20 / AC28/ |Ipddr2
AA21/ AE29 /
AB21/ AH22 /
AA22 / AJ19/
AB22 / AJ26
AH25 / T28
/ AB28 /
AD28
Y14 - vddca_vref_ - - -
Ipddr21
R27 - vddca_vref_ - - -
Ipddr22
G22 - vdda_dlIlo_ - - -
Ipddr21
G9 - vdda_dll1_ - - -
Ipddr21
M7 - vdda_dlIlo_ - - -
Ipddr22
AB10 - vdda_dll1_ - - -
Ipddr22
L1 - vdda_dsil - - -
N8/ P8 - vssa_dsi - - -
L2 - vdda_dsi2 - - -
w28 - vdda_csi2l - - -
R22 - vssa_csi2 - - -
84 Terminal Description Copyright © 2010-2012, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Link(s): OMAP4430



http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

13 TEXAS

INSTRUMENTS

www.ti.com

Public Version

OMAP4430

SWPS041D —DECEMBER 2010-REVISED JANUARY 2012

Table 2-2. Multiplexing Characteristics™ (continued)

BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
V28 - vdda_csi22 - -
All/G12 - vdda_hdmi_ - -
vdac
G11 - vssa_hdmi_ - -
vdac
A5 - vdda_ - -
usbhaOotg_
3p3v
G10 - vssa_ - -
usbhaOotg_
3p3v
A7 - vdda_ - -
usbhaOotg_
1p8v
H10 - vssa_ - -
usbaOotg
J7 - vdds_usim - -
A2 - pbias_sim - -
G7 /[ H7 - vdds_ - -
sdmmcl
Al - pbias_mmc1 - -
P9 - vdda_dpll_ - -
mpu
G13 - vdda_dpll_ - -
core_audio
Y16 - vdda_dpll_ - -
iva_per
G20 - vdds_dv_ - -
gpmc
G16/H16 - vdds_dv_ - -
sdmmc2
G17/G18/ - vdds_dv_c2c - -
G19
V22 - vdds_dv_ - -
cam
AB16 - vdds_dv_ - -
bankO
AB20 - vdds_dv_ - -
bankl
AB8 / AB19 - vdds_dv_ - -
bank2
AB18 - vdds_dv_ - -
bank3
AA7 - vdds_dv_ - -
bank4
AB17 - vdds_dv_ - -
bank5
AA14 - vdds_dv_ - -
bank6é
M28 - vdds_dv_ - -
bank7
w7 - vdds_dv_fref - -
AB14 - vdda_ldo_ - -
sram_mpu
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Table 2-2. Multiplexing Characteristics™ (continued)
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BALL BALL Mode O Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
BOTTOM TOP
N22 - vdda_ldo_ - -
Ssram_iva_
audio
T22 - vdda_ldo_ - -
sram_core
P7 - vdda_ldo_ - -
emu_wkup
AB12 - vdda_bdgp_ |- -
vbb
AB13 - cap_vbb_Ido |- -
_mpu
R21 - cap_vbb_Ido |- -
_iva_audio
AB11 - cap_vdd_Ildo |- -
_sram_mpu
N21 - cap_vdd_Ido |- -
_Sram_iva_
audio
u22 - cap_vdd_Ido |- -
_sram_core
T7 - cap_vdd_Ildo |- -
_emu_wkup
A27 - atestv® - -
AG28 - vsense(® - -
AH27 - iforce® - -
AH16 AJ17 | pop_lpddr21 |- -
-Zq
AF28 AG29 |pop_lpddr22 |- -
-Zq
A26 /B2 | B2/B28 | pop_vacc_ - -
Ipddr2
AG27/C1/|C1/AH2 |pop_vddl_ |- -
AG2 / AH28 | lpddr2_
shared
A13/C27/| Al5/ |pop_vddl_ |- -
AH14 C28/ |lpddr21
AJ15
N1/P1/ | N2/P29 |pop_vddl |- -
R28 /R1 Ipddr22
AH3/ A3/ | A3/C29 |pop_vdd2_ |- -
C28/AF27 | /| AG28/ | Ipddr2_
AH3  |shared
AG14/Al15| A16/ |pop_vdd2_ |- -
/ B15 B16/ |lIpddr21
AH15
N28/T1/ | P28/ T1 |pop_vdd2_ |- -
T2 /T2 Ipddr22

(1) In safe_mode the ball is configured as a high impedance input; the ball is also floating (unconnected to modules).

(2) vpp must be unconnected. vpp_cust is only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave
vpp_cust turned off (floating). Note that if the TWL6030 PMIC is used then the vpp pulldown resistor inside the TWL6030 must be
disabled when the vpp_cust is turned off.

(3) atestv, iforce, and vsense pins must be left unconnected.
The following bottom balls are reserved: C4 / C5/C6 / D3/ D4/ D5/ D6/ L22 /| N7. These balls must be left unconnected.
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24

Signal Descriptions

Many signals are available on multiple pins, according to the software configuration of the pin multiplexing
options.

1. SIGNAL NAME: The name of the signal passing through the pin.

NOTE

The subsystem multiplexing signals are not described in Table 2-1 and Table 2-2.

2. DESCRIPTION: Description of the signal
3. TYPE: Type = Signal direction and type:

| = Input
O = Output

10 = Input / output

D = Open Drain

DS = Differential

A = Analog
PWR = Power
GND = Ground

4. BALL BOTTOM: Associated ball(s) bottom
5. BALL TOP: Associated ball(s) top
6. PIN NAME: This is the name of the pin the signal is passing through.

2.4.1 External Memory Interfaces

24.1.1 GPMC

NOTE

For more information, see the Memory Subsystem / General-Purpose Memory Controller
section of the OMAP4430 TRM.

Table 2-3. GPMC Signal Descriptions

SIGNAL NAME [1] PIN NAME [6] DESCRIPTION [2] TYPE [3] | BALL BOTTOM | BALL TOP [5]
[4
Multiplexed GPMC Mode
gpmc_al/gpmc_dO gpmc_ad0 GPMC address bit 1 / data bit O 10 C12 -
gpmc_a2/gpmc_d1 gpmc_adl GPMC address bit 2 / data bit 1 10 D12 -
gpmc_a3/gpmc_d2 gpmc_ad2 GPMC address bit 3 / data bit 2 10 C13 -
gpmc_a4/gpmc_d3 gpmc_ad3 GPMC address bit 4 / data bit 3 10 D13 -
gpmc_a5/gpmc_d4 gpmc_ad4 GPMC address bit 5 / data bit 4 10 C15 -
gpmc_aé/gpmc_d5 gpmc_ad5 GPMC address bit 6 / data bit 5 10 D15 -
gpmc_a7/gpmc_d6é gpmc_ad6 GPMC address bit 7 / data bit 6 10 A16 -
gpmc_a8/gpmc_d7 gpmc_ad7 GPMC address bit 8 / data bit 7 10 B16 -
gpmc_a9/gpmc_d8 gpmc_ad8 GPMC address bit 9 / data bit 8 10 C16 -
gpmc_al0/gpmc_d9 gpmc_ad9 GPMC address bit 10 / data bit 9 10 D16 -
gpmc_all/gpmc_d10 |gpmc_adl0 GPMC address bit 11 / data bit 10 10 C17 -
gpmc_al2/gpmc_d1l |gpmc_adll GPMC address bit 12 / data bit 11 10 D17 -
gpmc_al3/gpmc_d12 | gpmc_adl2 GPMC address bit 13 / data bit 12 10 C18 -
gpmc_ald/gpmc_d13 | gpmc_adl3 GPMC address bit 14 / data bit 13 10 D18 -
gpmc_al5/gpmc_d14 | gpmc_adl4 GPMC address bit 15 / data bit 14 10 C19 -
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Table 2-3. GPMC Signal Descriptions (continued)

SIGNAL NAME [1] PIN NAME [6] DESCRIPTION [2] TYPE [3] | BALL I[Z?TTOM BALL TOP [5]
gpmc_al6/gpmc_d15 | gpmc_adl5 GPMC address bit 16 / data bit 15 10 D19 -
gpmc_al7 gpmc_al6é GPMC address bit 17 (0] B17 -
gpmc_al8 gpmc_al7 GPMC address bit 18 O A18 -
gpmc_al9 gpmc_al8 GPMC address bit 19 O B18 -
gpmc_a20 gpmc_al9 GPMC address bit 20 O A19 -
gpmc_a21 gpmc_a20 GPMC address bit 21 O B19 -
gpmc_a22 gpmc_a21 GPMC address bit 22 O B20 -
gpmc_a23 gpmc_a22 GPMC address bit 23 (0] A21 -
gpmc_a24 gpmc_a23 GPMC address bit 24 (0] B21 -
gpmc_a25 gpmc_a24 GPMC address bit 25 (0] C20 -
gpmc_a26 gpmc_a25 GPMC address bit 26 O D20 -
Nonmultiplexed GPMC Mode
gpmc_do gpmc_ado0 GPMC data bit 0 10 C12 -
gpmc_d1 gpmc_adl GPMC data bit 1 10 D12 -
gpmc_d2 gpmc_ad2 GPMC data bit 2 10 C13 -
gpmc_d3 gpmc_ad3 GPMC data bit 3 10 D13 -
gpmc_d4 gpmc_ad4 GPMC data bit 4 10 C15 -
gpmc_d5 gpmc_ad>5 GPMC data bit 5 10 D15 -
gpmc_dé gpmc_ad6 GPMC data bit 6 10 A16 -
gpmc_d7 gpmc_ad7 GPMC data bit 7 10 B16 -
gpmc_d8 gpmc_ad8 GPMC data bit 8 10 C16 -
gpmc_d9 gpmc_ad9 GPMC data bit 9 10 D16 -
gpmc_d10 gpmc_ad10 GPMC data bit 10 10 Cc17 -
gpmc_d11 gpmc_adll GPMC data bit 11 10 D17 -
gpmc_d12 gpmc_ad12 GPMC data bit 12 10 C18 -
gpmc_d13 gpmc_ad13 GPMC data bit 13 10 D18 -
gpmc_d14 gpmc_ad14 GPMC data bit 14 10 C19 -
gpmc_d15 gpmc_ad15 GPMC data bit 15 10 D19 -
gpmc_al gpmc_al6é GPMC address bit 1 (0] B17 -
gpmc_a2 gpmc_al7 GPMC address bit 2 (0] A18 -
gpmc_a3 gpmc_al8 GPMC address bit 3 (0] B18 -
gpmc_a4 gpmc_al9 GPMC address bit 4 (0] A19 -
gpmc_a5 gpmc_a20 GPMC address bit 5 (0] B19 -
gpmc_a6 gpmc_a2l GPMC address bit 6 (0] B20 -
gpmc_a7 gpmc_a22 GPMC address bit 7 (0] A21 -
gpmc_a8 gpmc_a23 GPMC address bit 8 (0] B21 -
gpmc_a9 gpmc_a24 GPMC address bit 9 (0] C20 -
gpmc_alo gpmc_a25 GPMC address bit 10 O D20 -
Common GPMC Signals
gpmc_ncs0 gpmc_ncs0 GPMC chip select 0 invert (0] B25 -
gpmc_ncsl gpmc_ncsl GPMC chip select 1 invert (0] c21 -
gpmc_ncs2 gpmc_ncs2 GPMC chip select 2 invert (0] D21 -
gpmc_ncs3 gpmc_ncs3 GPMC chip select 3 invert (0] Cc22 -
gpmc_ncs4 gpmc_ncs4 GPMC chip select 4 invert (0] A24 -
gpmc_ncs5 gpmc_ncs5 GPMC chip select 5 invert (0] B24 -
gpmc_ncs6 gpmc_ncs6 GPMC chip select 6 invert (0] C24 -
gpmc_ncs? gpmc_ncs? GPMC chip select 7 invert (0] D24 -
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Table 2-3. GPMC Signal Descriptions (continued)
SIGNAL NAME [1] PIN NAME [6] DESCRIPTION [2] TYPE [3] | BALL BOTTOM | BALL TOP [5]
(41
gpmc_nwp gpmc_nwp GPMC flash write protect invert C25 -
gpmc_clk gpmc_clk GPMC clock (0] B22 -
gpmc_nadv_ale gpmc_nadv_ale GPMC address valid invert or O D25 -
address latch enable
gpmc_noe gpmc_noe GPMC output enable invert (0] B11 -
gpmc_nwe gpmc_nwe GPMC write enable invert (0] B12 -
gpmc_nbe0_cle gpmc_nbe0_cle GPMC lower-byte enable invert® (0] Cc23 -
gpmc_nbel gpmc_nbel GPMC upper-byte enable invert (0] D22 -
gpmc_wait0 gpmc_wait0 GPMC external indication of wait O | B26 -
gpmc_waitl gpmc_waitl GPMC external indication of wait 1 | B23 -
gpmc_wait2 gpmc_wait2 GPMC external indication of wait 2 | D23 -
gpmc_dir gpmc_dir GPMC ad[15:0] signal direction (0] Cc22 -
control

(1) Also used as command latch enable for NAND protocol memories.

24.1.2 LPDDR2

NOTE

For more information, see the Memory Subsystem / EMIF Controller section of the

OMAP4430 TRM.

Table 2-4. LPDDR2 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
Ipddr21_dq0 LPDDR21 data bit 0 10 - E29
Ipddr21_dqgl LPDDR21 data bit 1 10 - D28
Ipddr21_dg2 LPDDR21 data bit 2 10 - B27
Ipddr21_dg3 LPDDR21 data bit 3 10 - A27
Ipddr21_dg4 LPDDR21 data bit 4 10 - A26
Ipddr21_dg5 LPDDR21 data bit 5 10 - B26
Ipddr21_dqg6 LPDDR21 data bit 6 10 - A25
Ipddr21_dq7 LPDDR21 data bit 7 10 - A24
Ipddr21_dg8 LPDDR21 data bit 8 10 - B19
Ipddr21_dq9 LPDDR21 data bit 9 10 - A19
Ipddr21_dqgl10 LPDDR21 data bit 10 10 - A18
Ipddr21_dgl1 LPDDR21 data bit 11 10 - A17
Ipddr21_dqgl2 LPDDR21 data bit 12 10 - B17
Ipddr21_dqg13 LPDDR21 data bit 13 10 - A13
Ipddr21_dql4 LPDDR21 data bit 14 10 - Al12
Ipddr21_dqg15 LPDDR21 data bit 15 10 - B12
Ipddr21_dqgl6 LPDDR21 data bit 16 10 - N28
Ipddr21_dqgl7 LPDDR21 data bit 17 10 - N29
Ipddr21_dqg18 LPDDR21 data bit 18 10 - M29
Ipddr21_dqg19 LPDDR21 data bit 19 10 - L28
Ipddr21_dg20 LPDDR21 data bit 20 10 - K28
Ipddr21_dg21 LPDDR21 data bit 21 10 - K29
Ipddr21_dg22 LPDDR21 data bit 22 10 - J29
Ipddr21_dg23 LPDDR21 data bit 23 10 - H29
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Table 2-4. LPDDR2 Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
Ipddr21_dg24 LPDDR21 data bit 24 10 - B8
Ipddr21_dg25 LPDDR21 data bit 25 10 - A8
Ipddr21_dqg26 LPDDR21 data bit 26 10 - A7
Ipddr21_dqg27 LPDDR21 data bit 27 10 - B6
Ipddr21_dqg28 LPDDR21 data bit 28 10 - B5
Ipddr21_dqg29 LPDDR21 data bit 29 10 - A5
Ipddr21_dq30 LPDDR21 data bit 30 10 - A4
Ipddr21_dg31 LPDDR21 data bit 31 10 - B3
Ipddr21_ca0 LPDDR21 command / address bit 0 O - AJ27
Ipddr21_cal LPDDR21 command / address bit 1 O - AH27
Ipddr21_ca2 LPDDR21 command / address bit 2 O - AH26
Ipddr21_ca3 LPDDR21 command / address bit 3 O - AH25
Ipddr21_ca4 LPDDR21 command / address bit 4 O - AJ25
Ipddr21_ca5 LPDDR21 command / address bit 5 O - AJ20
Ipddr21_ca6 LPDDR21 command / address bit 6 O - AH20
Ipddr21_ca7 LPDDR21 command / address bit 7 O - AH19
Ipddr21_ca8 LPDDR21 command / address bit 8 O - AJ18
Ipddr21_ca9 LPDDR21 command / address bit 9 O - AH17
Ipddr21_dqgs0 LPDDR21 data strobe 0 10 - A23
Ipddr21_ndgs0 LPDDR21 data nstrobe 0 10 - B23
Ipddr21_dgs1 LPDDR21 data strobe 1 10 - A20
Ipddr21_ndgsl LPDDR21 data nstrobe 1 10 - B20
Ipddr21_dqgs2 LPDDR21 data strobe 2 10 - G28
Ipddr21_ndgs2 LPDDR21 data nstrobe 2 10 - G29
Ipddr21_dqgs3 LPDDR21 data strobe 3 10 - B10
Ipddr21_ndgs3 LPDDR21 data nstrobe 3 10 - A10
Ipddr21_dmO LPDDR21 data mask 0 10 - B22
Ipddr21_dm1 LPDDR21 data mask 1 10 - A21
Ipddr21_dm2 LPDDR21 data mask 2 10 - F28
Ipddr21_dm3 LPDDR21 data mask 3 10 - B11
Ipddr21_ck LPDDR21 clock O - AJ21
Ipddr21_nck LPDDR21 clock invert O - AH21
Ipddr21_ncs0 LPDDR21 chip 1 select invert O - AH24
Ipddr21_ncsl LPDDR21 chip 2 select invert O - AJ24
Ipddr21_ckeO LPDDR21 clock 1 enable O - AH23
Ipddr21_ckel LPDDR21 clock 2 enable O - AJ23
Ipddr22_dqo LPDDR22 data bit 0 10 - L2
Ipddr22_dq1 LPDDR22 data bit 1 10 - M1
Ipddr22_dqg2 LPDDR22 data bit 2 10 - N1
Ipddr22_dqg3 LPDDR22 data bit 3 10 - u2
Ipddr22_dg4 LPDDR22 data bit 4 10 - V1
Ipddr22_dg5 LPDDR22 data bit 5 10 - W2
Ipddr22_dqg6 LPDDR22 data bit 6 10 - w1
Ipddr22_dq7 LPDDR22 data bit 7 10 - Y2
Ipddr22_dqg8 LPDDR22 data bit 8 10 - AE1
Ipddr22_dq9 LPDDR22 data bit 9 10 - AF1
Ipddr22_dq10 LPDDR22 data bit 10 10 - AG1
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Table 2-4. LPDDR2 Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
Ipddr22_dq11 LPDDR22 data bit 11 10 - AG2
Ipddr22_dqg12 LPDDR22 data bit 12 10 - AJ3
Ipddr22_dq13 LPDDR22 data bit 13 10 - AH4
Ipddr22_dq14 LPDDR22 data bit 14 10 - AJ5
Ipddr22_dq15 LPDDR22 data bit 15 10 - AHG6
Ipddr22_dq16 LPDDR22 data bit 16 10 - c2
Ipddr22_dq17 LPDDR22 data bit 17 10 - D1
Ipddr22_dq18 LPDDR22 data bit 18 10 - El
Ipddr22_dq19 LPDDR22 data bit 19 10 - E2
Ipddr22_dqg20 LPDDR22 data bit 20 10 - F2
Ipddr22_dg21 LPDDR22 data bit 21 10 - Gl
Ipddr22_dg22 LPDDR22 data bit 22 10 - H1
Ipddr22_dg23 LPDDR22 data bit 23 10 - H2
Ipddr22_dqg24 LPDDR22 data bit 24 10 - AJ9
Ipddr22_dg25 LPDDR22 data bit 25 10 - AJ10
Ipddr22_dqg26 LPDDR22 data bit 26 10 - AH10
Ipddr22_dqg27 LPDDR22 data bit 27 10 - AH11
Ipddr22_dqg28 LPDDR22 data bit 28 10 - AJ12
Ipddr22_dqg29 LPDDR22 data bit 29 10 - AJ13
Ipddr22_dq30 LPDDR22 data bit 30 10 - AH13
Ipddr22_dqg31 LPDDR22 data bit 31 10 - AJl4
Ipddr22_ca0 LPDDR22 command / address bit 0 O - R29
Ipddr22_cal LPDDR22 command / address bit 1 O - T29
Ipddr22_ca2 LPDDR22 command / address bit 2 O - u29
Ipddr22_ca3 LPDDR22 command / address bit 3 O - V29
Ipddr22_ca4 LPDDR22 command / address bit 4 O - w28
Ipddr22_ca5 LPDDR22 command / address bit 5 O - AC29
Ipddr22_ca6 LPDDR22 command / address bit 6 O - AD29
Ipddr22_ca7 LPDDR22 command / address bit 7 O - AD28
Ipddr22_ca8 LPDDR22 command / address bit 8 O - AE28
Ipddr22_ca9 LPDDR22 command / address bit 9 O - AF29
Ipddr22_dqgs0 LPDDR22 data strobe 0 O - AAl
Ipddr22_ndgs0 LPDDR22 data nstrobe 0 O - AA2
Ipddr22_dgs1 LPDDR22 data strobe 1 O - AD2
Ipddr22_ndgs1 LPDDR22 data nstrobe 1 O - AD1
Ipddr22_dqgs2 LPDDR22 data strobe 2 O - K2
Ipddr22_ndgs2 LPDDR22 data nstrobe 2 O - K1
Ipddr22_dqgs3 LPDDR22 data strobe 3 O - AH8
Ipddr22_ndgs3 LPDDR22 data nstrobe 3 O - AJ8
Ipddr22_dmO0 LPDDR22 data mask 0 10 - AB1
Ipddr22_dm1 LPDDR22 data mask 1 10 - AC2
Ipddr22_dm2 LPDDR22 data mask 2 10 - L1
Ipddr22_dm3 LPDDR22 data mask 3 10 - AH7
Ipddr22_ck LPDDR22 clock O - AB28
Ipddr22_nck LPDDR22 clock invert O - AB29
Ipddr22_ncs0 LPDDR22 chip select 0 invert O - Y28
Ipddr22_ncs1 LPDDR22 chip select 1 invert O - w29
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Table 2-4. LPDDR2 Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
Ipddr22_ckeO LPDDR22 clock 0 enable O - AA29
Ipddr22_ckel LPDDR22 clock 1 enable O - Y29

2.4.2 Video Interfaces

2.4.2.1 Camera

NOTE
For more information, see the Imaging Subsystem / ISS Interfaces section of the OMAP4430
TRM.

2.4.2.1.1 Camera Control

Table 2-5. Camera Control Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
cam_shutter Camera mechanical shutter control O T27 -
cam_strobe Camera flash activation trigger O u27 -
cam_globalreset Camera sensor reset 10 V27 -

24.2.1.2 CSI21

Table 2-6. CSI21 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
csi21_dx0 CSI2 (CSI21) camera lane 0 differential x IDS R26 -
csi21_dy0 CSI2 (CSI21) camera lane 0 differential y IDS R25 -
csi2l_dx1 CSI2 (CSI21) camera lane 1 differential x IDS T26 -
csi2l_dyl CSI2 (CSI21) camera lane 1 differential y IDS T25 -
csi2l_dx2 CSI2 (CSI21) camera lane 2 differential x IDS u26 -
csi2l_dy2 CSI2 (CSI21) camera lane 2 differential y IDS u25 -
csi2l_dx3 CSI2 (CSI21) camera lane 3 differential x IDS V26 -
csi2l_dy3 CSI2 (CSI21) camera lane 3 differential y IDS V25 -
csi2l_dx4 CSI2 (CSI21) camera lane 4 differential x IDS W26 -
csi2l_dy4 CSI2 (CSI21) camera lane 4 differential y IDS W25 -

2.4.2.1.3 CSI22 (CCP2)

Table 2-7. CSI22 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
csi22_dx0 CSI2 (CSI22) camera lane 0 differential x IDS M26 -
csi22_dy0 CSI2 (CSI22) camera lane 0 differential y IDS M25 -
csi22_dx1 CSI2 (CSI22) camera lane 1 differential x IDS N26 -
csi22_dyl CSI2 (CSI22) camera lane 1 differential y IDS N25 -
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2.4.2.2 Display

24.2.2.1 RFBI

NOTE
For more information, see the Display Subsystem / Display Subsystem Overview / DSS

Environment section of the OMAP4430 TRM.

Table 2-8. RFBI Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
rfbi_data0 RFBI data bit 0 10 AC4 -
rfbi_datal RFBI data bit 1 10 AB4 -
rfbi_data2 RFBI data bit 2 10 AB3 -
rfbi_data3 RFBI data bit 3 10 AB2 -
rfbi_data4 RFBI data bit 4 10 AA4 -
rfbi_data5 RFBI data bit 5 10 AA3 -
rfbi_data6 RFBI data bit 6 10 AA2 -
rfbi_data7 RFBI data bit 7 10 AAl -
rfbi_data8 RFBI data bit 8 10 Y4 -
rfbi_data9 RFBI data bit 9 10 V2 -
rfbi_datal0 RFBI data bit 10 10 V1 -
rfbi_datall RFBI data bit 11 10 AE9 -
rfbi_datal2 RFBI data bit 12 10 AG10 -
rfbi_datal3 RFBI data bit 13 10 AF10 -
rfbi_datal4 RFBI data bit 14 10 AE10 -
rfbi_datal5 RFBI data bit 15 10 AH11 -
rfbi_a0 RFBI data / control selection O Y3 -
rfbi_we RFBI write enable O Y2 -
rfbi_re RFBI read enable O w4 -
rfbi_cs0 RFBI chip select O w3 -
rfbi_te_vsyncO RFBI vertical synchronization / tearing effect control | w1 -

signal
rfbi_hsyncO RFBI horizontal synchronization / tearing effect | w2 -
control signal
24.2.2.2 DSI1
Table 2-9. DSI1 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
dsil_dx0 DSI1 display lane 0 differential positive or negative 10DS P3 -
dsil_dyO DSI1 display lane 0 differential positive or negative 10DS P4 -
dsil_dx1 DSI1 display lane 1 differential positive or negative 10DS N3 -
dsil_dyl DSI1 display lane 1 differential positive or negative 10DS N4 -
dsil_dx2 DSI1 display lane 2 differential positive or negative 10DS M3 -
dsil_dy2 DSI1 display lane 2 differential positive or negative 10DS M4 -
dsil_dx3 DSI1 display lane 3 differential positive or negative 10DS L3 -
dsil_dy3 DSI1 display lane 3 differential positive or negative 10DS L4 -
dsil_dx4 DSI1 display lane 4 differential positive or negative 10DS K3 -
dsil_dy4 DSI1 display lane 4 differential positive or negative 10DS K4 -
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Table 2-9. DSI1 Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
dsil_te0 DSI1 tearing effect input O IDS C25/A24 | AB2 -
dsil_tel DSI1 tearing effect input 1 IDS D25/ B24 / AB3 -

24223 DSI2
Table 2-10. DSI2 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
dsi2_dx0 DSI2 display lane 0 differential positive or negative 10DS T3 -
dsi2_dy0 DSI2 display lane 0 differential positive or negative 10DS T4 -
dsi2_dx1 DSI2 display lane 1 differential positive or negative 10DS U3 -
dsi2_dy1 DSI2 display lane 1 differential positive or negative 10DS U4 -
dsi2_dx2 DSI2 display lane 2 differential positive or negative 10DS V3 -
dsi2_dy2 DSI2 display lane 2 differential positive or negative 10DS V4 -
dsi2_te0 DSI2 tearing effect input O IDS C23/C24/ AB4 -
dsi2_tel DSI2 tearing effect input 1 IDS B26 / D24 | AC4 -

2.4.2.2.4 CVIDEO
Table 2-11. CVIDEO Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
cvideo_tvout CVIDEO TV analog composite output AO B7 -
cvideo_vfb CVIDEO input feedback thru resistor to out AO Cc7 -
cvideo_rset CVIDEO input reference current resistor setting AlO D7 -

2.4.2.25 HDMI
Table 2-12. HDMI Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
hdmi_cec HDMI consumer electronic control 10 B10 -
hdmi_hpd HDMI display hot plug detect [ B9 -
hdmi_ddc_scl HDMI display data channel clock 10D A8 -
hdmi_ddc_sda HDMI display data channel data 10D B8 -
hdmi_data0ox® HDMI data O differential positive or negative oDS C10 -
hdmi_dataOy™® HDMI data O differential positive or negative oDS D10 -
hdmi_data1x® HDMI data 1 differential positive or negative oDS c9 -
hdmi_dataly® HDMI data 1 differential positive or negative oDS D9 -
hdmi_data2x® HDMI data 2 differential positive or negative oDS cs8 -
hdmi_data2y™ HDMI data 2 differential positive or negative oDS D8 -
hdmi_clockx(® HDMI clock differential positive or negative oDS c11 -
hdmi_clocky® HDMI clock differential positive or negative oDS D11 -
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(1) The function (data or clock) supported on each lane is programmable. For more information on HDMI, please contact your Tl

representative.

24.2.2.6 DISPC

Table 2-13. DISPC Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
dispc2_data0 DISPC data to LCD2 panel - data bit O O AC4 -
dispc2_datal DISPC data to LCD2 panel - data bit 1 O AB4 -
dispc2_data2 DISPC data to LCD2 panel - data bit 2 O AB3 -
dispc2_data3 DISPC data to LCD2 panel - data bit 3 O AB2 -
dispc2_data4 DISPC data to LCD2 panel - data bit 4 O AA4 -
dispc2_data5 DISPC data to LCD2 panel - data bit 5 O AA3 -
dispc2_data6 DISPC data to LCD2 panel - data bit 6 O AA2 -
dispc2_data7 DISPC data to LCD2 panel - data bit 7 O AAl -
dispc2_data8 DISPC data to LCD2 panel - data bit 8 O Y4 -
dispc2_data9 DISPC data to LCD2 panel - data bit 9 O V2 -
dispc2_datal0 DISPC data to LCD2 panel - data bit 10 O Vi -
dispc2_datall DISPC data to LCD2 panel - data bit 11 O AE9 -
dispc2_datal2 DISPC data to LCD2 panel - data bit 12 O AG10 -
dispc2_datal3 DISPC data to LCD2 panel - data bit 13 O AF10 -
dispc2_datal4d DISPC data to LCD2 panel - data bit 14 O AE10 -
dispc2_datal5 DISPC data to LCD2 panel - data bit 15 O AH11 -
dispc2_datal6 DISPC data to LCD2 panel - data bit 16 O w1 -
dispc2_datal?7 DISPC data to LCD2 panel - data bit 17 O w2 -
dispc2_datal8 DISPC data to LCD2 panel - data bit 18 O AG11 -
dispc2_datal9 DISPC data to LCD2 panel - data bit 19 O AF11 -
dispc2_data20 DISPC data to LCD2 panel - data bit 20 O AE11 -
dispc2_data21 DISPC data to LCD2 panel - data bit 21 O AG13 -
dispc2_data22 DISPC data to LCD2 panel - data bit 22 O AE12 -
dispc2_data23 DISPC data to LCD2 panel - data bit 23 O AF12 -
dispc2_hsync DISPC horizontal synchronization from dispc to LCD2 O w3 -
dispc2_vsync DISPC vertical synchronization from dispc to LCD2 O Y2 -
dispc2_de DISPC ac bias output enable or data enable to LCD2 O Y3 -
dispc2_pclk DISPC LCD pixel clock to LCD2 O w4 -
dispc2_fid DISPC field ID to LCD2 (e} P2 -

2.4.3 Serial Communication Interfaces

2.43.1 HDQ/1-Wire

NOTE

For more information, see the Serial Communication Interface / HDQ/1-Wire section of the
OMAP4430 TRM.

Table 2-14. HDQ/1-Wire Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
hdg_sio HDQ™ 1-Wire® control and data interface 10D AA27 -
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2432 I’C
NOTE

For more information, see the Serial Communication Interface / Multimaster High-Speed 1°C
Controller / HS I2C Environment / HS 12C in 12C Mode section of the OMAP4430 TRM.

Table 2-15. I°C Signal Descriptions

SIGNAL NAME [1] | DESCRIPTION [2] | TYPE[3] | BALLBOTTOM[4] | BALL TOP[5]

Inter-Integrated Circuit Interface (12C1)

i2cl_scl 12C1 clock oD AE28 -
i2cl_sda 12C1 data 10D AE26 -
Inter-Integrated Circuit Interface (12C2)

i2c2_scl 12C2 clock oD C26 -
i2c2_sda 12C2 data 10D D26 -
i2c2_sccb 12C2 serial camera control bus oD AA27 -

Inter-Integrated Circuit Interface (12C3)

i2c3_scl 12C3 clock oD w27 -
i2c3_sda 12C3 data 10D Y27 -
i2c3_scch 12C3 serial camera control bus oD AA27 -

Inter-Integrated Circuit Interface (12C4)

i2c4_scl 12C4 clock oD AG21 -

i2c4_sda 12C4 data 10D AH22 -

2.4.3.3 SmartReflex™

NOTE
For more information, see:

+ The Power, Reset and Clock Management / Device Power Management Introduction /
Device Power-Management Architecture Building Blocks / Voltage Management / AVS
Overview section or

* The Power, Reset and Clock Management / PRCM Subsystem Environment / External
Power Control Signals section
of the OMAP4430 TRM.

Table 2-16. SmartReflex Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
sr_scl Smart-Reflex clock oD AG9 -
sr_sda Smart-Reflex data 10D AF9 -

2434 McBSP

NOTE
For more information, see the Serial Communication Interface / Multichannel Buffered Serial
Port (McBSP) section of the OMAP4430 TRM.

Table 2-17. McBSP1, 2, 3 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
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Table 2-17. McBSP1, 2, 3 Signal Descriptions (continued)

SIGNAL NAME [1] | DESCRIPTION [2] | TYPE[3] | BALLBOTTOM[4] | BALL TOP[5]

Audio Backend Multichannel Buffered Serial Port (ABE McBSP1)

abe_mcbspl_dr ABE McBSP1 received serial data | AC25 -
abe_mcbspl_dx ABE McBSP1 transmitted serial data 10 AB25 -
abe_mcbspl_clkx ABE McBSP1 combined serial clock 10 AC26 -
abe_mcbspl_fsx ABE McBSP1 combined frame synchronization 10 AC27 -
Audio Backend Multichannel Buffered Serial Port (ABE McBSP2)

abe_mcbsp2_dr ABE McBSP2 received serial data | AD26 -
abe_mcbsp2_dx ABE McBSP2 transmitted serial data 10 AD25 -
abe_mcbsp2_clkx ABE McBSP2 combined serial clock 10 AD27 -
abe_mcbsp2_fsx ABE McBSP2 combined frame synchronization 10 AC28 -
Audio Backend Multichannel Buffered Serial Port (ABE McBSP3)

abe_mcbsp3_dr ABE McBSP3 received serial data | AH17 / AG25 -
abe_mcbsp3_dx ABE McBSP3 transmitted serial data 10 AE16 / AF25 -
abe_mcbsp3_clkx ABE McBSP3 combined serial clock 10 AF16 / AE25 -
abe_mcbsp3_fsx ABE McBSP3 combined frame synchronization 10 AG16 / AF26 -

Table 2-18. McBSP4 Signal

Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
mcbsp4_dr McBSP4 received serial data | AE17 -
mcbsp4_dx McBSP4 transmitted serial data 10 AG18 -
mcbsp4_clkx McBSP4 transmitted serial clock 10 AF18 -
mchbsp4_fsx McBSP4 transmitted frame synchronization 10 AE19 -
mcbsp4_clkr McBSP4 received serial clock 10 AG19 -
mchbsp4_fsr McBSP4 received frame synchronization 10 AF19 -

2435 PDM

NOTE

For more information, see the Serial Communication Interface / Multichannel PDM Controller
section of the OMAP4430 TRM.

Table 2-19. ABE McPDM Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] | BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
abe_pdm_ul_data ABE PDM data stream from TWL6030 PMIC to OMAP4430 | AG25 -
abe_pdm_dI_data ABE PDM data stream from OMAP4430 to TWL6030 PMIC O AF25 -
abe_pdm_frame ABE PDM Frame synchronization 10 AE25 -
abe_pdm_Ib_clk ABE PDM loop back clock O AF26 -

2436 DMIC

NOTE

For more information, see the Serial Communication Interface / Digital Microphone Module
section of the OMAP4430 TRM.
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Table 2-20. ABE DMIC Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
abe_dmic_clkl ABE digital microphone clock output 1 (0] AE24 -
abe_dmic_clk2 ABE digital microphone clock output 2 (0] AH24 -
abe_dmic_clk3 ABE digital microphone clock output 3 O AG16 -
abe_dmic_dinl ABE digital microphone data input 1 | AF24 -
abe_dmic_din2 ABE digital microphone data input 2 | AG24 -
abe_dmic_din3 ABE digital microphone data input 3 | AF16 /| AH24 -

2.4.3.7 McASP

NOTE

For more information, see the Serial Communication Interface / Multichannel Audio Serial

Port section of the OMAP4430 TRM.

Table 2-21. ABE McASP Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
abe_mcasp_axr ABE MCcASP serial data 10 10 AD26 / AG24 -
abe_mcasp_aclkx ABE MCcASP clock transmit O AB25 -
abe_mcasp_afsx ABE MCcASP frame synchonization transmit O AC28 -
abe_mcasp_ahclkx ABE MCcASP high frequency clock output O AD27 -
abe_mcasp_amutein | ABE McASP auto mute input | AC27 -
abe_mcasp_amute ABE MCASP auto mute output O AD25 -

2.4.3.8 SLIMbus®

NOTE

For more information, see the Serial Communication Interface / Serial Low-Power Inter-Chip

Media Bus Controller section of the OMAP4430 TRM.

Table 2-22. ABE SLIMbus1 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
abe_slimbusl_clock | ABE SLIMbus1 clock 10 AC26 -
abe_slimbusl_data ABE SLIMbus1 data 10 AC25 -

Table 2-23. SLIMbus?2 Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
abe_clks ABE clock input | AH26 -
slimbus2_clock SLIMbus2 clock 10 AG24 | AG23 -
slimbus2_data SLIMbus?2 data 10 AH24 | AH23 -
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2439 HSI

NOTE

For more information, see the Serial Communication Interface / MIPI-HSI section of the

OMAP4430 TRM.

Table 2-24. HSI Signal Descriptions

SIGNAL NAME [1] |

DESCRIPTION [2]

| TYPE[3] | BALL BOTTOM[4] |

BALL TOP [5]

High-speed Synchronous Serial Interface (HSI1)

hsil_cawake HSI1 cellular modem to APE wake signal | AE18 -
hsil_cadata HSI1 cellular modem to APE signal | AG19 -
hsil_caflag HSI1 cellular modem to APE flag signal | AF19 -
hsil_acready HSI1 APE to cellular modem ready signal O AE19 -
hsil_acwake HS1 APE to cellular modem wake signal O AF18 -
hsil_acdata HSI1 APE to cellular modem data signal O AG18 -
hsil_acflag HSI1 APE to cellular modem ready signal O AE17 -
hsil_caready HSI1 cellular modem to APE ready signal | AF17 -
High-speed Synchronous Serial Interface (HSI2)

hsi2_cawake HSI2 cellular modem to APE wake signal | AG12 -
hsi2_cadata HSI2 cellular modem to APE signal | AF12 -
hsi2_caflag HSI2 cellular modem to APE flag signal | AE12 -
hsi2_acready HSI2 APE to cellular modem ready signal O AG13 -
hsi2_acwake HSI2 APE to cellular modem wake signal O AE11 -
hsi2_acdata HSI2 APE to cellular modem data signal O AF11 -
hsi2_acflag HSI2 APE to cellular modem ready signal O AG11 -
hsi2_caready HSI2 cellular modem to APE ready signal | AH11 -

2.4.3.10 McSPI

NOTE

For more information, see the Serial Communication Interface / Multichannel Serial Port

Interface (MCSPI) section of the OMAP4430 TRM.

Table 2-25. McSPI Signal Descriptions

SIGNAL NAME [1] |

DESCRIPTION [2]

| TYPE[3] | BALL BOTTOM [4] | BALL TOP [5]

Multichannel Serial

Port Interface (McSPI1)

mcspil_clk McSPI1 clock (slave input, master output) 10 AF22 -
mcspil_somi McSPI1 data (slave output, master input, Z when not shifting) 10 AE22 -
mcspil_simo McSPI1 data (slave input, master output, Z when not shifting) 10 AG22 -
mcspil_csO McSPI1 chip select 0 (slave input, master output) 10 AE23 -
mcspil_csl McSPI1 chip select 1 (0] AF23 -
mcspil_cs2 McSPI1 chip select 2 (0] AG23 -
mcspil_cs3 McSPI1 chip select 3 (0] AH23 -
Multichannel Serial Port Interface (McSPI2)

mcspi2_clk McSPI2 clock (slave input, master output) 10 AD27 | AE5 -
mcspi2_somi McSPI2 data (slave output, master input, Z when not shifting) 10 AD26 / AE4 -
mcspi2_simo McSPI2 data (slave input, master output, Z if not shifting) 10 AD25 / AF5 -
mcspi2_cs0 McSPI2 chip select 0 (slave input, master output) 10 AC28 / AF3 -
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Table 2-25. McSPI Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] | BALL BOTTOM [4] | BALL TOP [5]
mcspi2_csl McSPI2 chip select 1 O AG3 -
Multichannel Serial Port Interface (McSPI3)

mcspi3_clk McSPI3 clock (slave input, master output) 10 AE9 -
mcspi3_somi McSPI3 data (slave output, master input, Z when not shifting) 10 AE10 -
mcspi3_simo McSPI3 data (slave input, master output, Z if not shifting) 10 AG10 -
mcspi3_cs0 McSPI3 chip select O (slave input, master output) 10 AF10 -
Multichannel Serial Port Interface (McSPI4)

mcspi4_clk McSPI4 clock (slave input, master output) 10 AE21 -
mcspi4_somi McSPI4 data (slave output, master input, Z when not shifting) 10 AF21 -
mcspi4_simo McSPI4 data (slave input, master output, Z if not shifting) 10 AF20 -
mcspi4_cs0 McSPI4 chip select O (slave input, master output) 10 AE20 -

2.4.3.11 UART

NOTE

For more information, see the Serial Communication Interface / UART/IrDA/CIR section of

the OMAP4430 TRM.

Table 2-26. UART Signal Descriptions

SIGNAL NAME [1] |

DESCRIPTION [2]

| TYPE[3] | BALL BOTTOM[4] |

BALL TOP [5]

Universal Asynchronous Receiver/Transmitter (UART1)

uartl_cts UART1 clear to send | AG23 -
uartl_rts UART1 request to send O AH23 -
uartl_rx UART1 receive data | E3/C26/AF23/ -
AA3

uartl_tx UART1 transmit data O D26 / F27 -
Universal Asynchronous Receiver/Transmitter (UART2)

uart2_cts UART2 clear to send | AB26 -
uart2_rts UART2 request to send O AB27 -
uart2_rx UART2 receive data | AA25/ B5 -
uart2_tx UART?2 transmit data (@) AA26 / B4 -
Universal Asynchronous Receiver/Transmitter (UART3)

uart3_cts_rctx UARTS3 clear to send or remote control data output 10 F271Y2 -
uart3_rts_sd UARTS3 request to send or infrared transceiver O F28 / W4 -

shutdown

uart3_rx_irrx UARTS3 receive data input or infrared data input | G27/B5/W3 -
uart3_tx_irtx UART3 transmit data output or infrared data output (0] G28 /B4 /W2 -
Universal Asynchronous Receiver/Transmitter (UARTA4)

uartd_rx UART4 receive data | AG20 -
uartd_tx UART4 transmit data (@] AH19 -
uart4_cts UART4 clear to send | AE24 -
uart4_rts UART4 request to send O AF24 -
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24.3.12 USB

NOTE

For more information, see:
Serial Communication Interface / High-Speed Multiport USB Host Subsystem section, or
Serial Communication Interface / High-Speed USB OTG Controller section, or

Serial Communication Interface / Full-Speed USB Host Controller section
of the OMAP4430 TRM.

Table 2-27. USB Signal Descriptions

SIGNAL NAME [1] |

DESCRIPTION [2]

| TYPE[3] | BALL BOTTOM[4] |

BALL TOP [5]

Universal Serial Bus (USBAO)

usba0_ulpiphy_clk USBAO 10 to/from external transceiver 60-MHz clock | P2 -
usba0_ulpiphy_stp USBAO output to external transceiver to stop data O V1 -
stream
usbaO_ulpiphy_dir USBAO_data direction control from external | V2 -
transceiver
usba0_ulpiphy_nxt USBAO next signal control from external transceiver | w1 -
usba0_ulpiphy_dat0 USBAO data bit 0 to/from external transceiver 10 w2 -
usba0_ulpiphy_datl USBAO data bit 1 to/from external transceiver 10 w3 -
usba0_ulpiphy_dat2 USBAO data bit 2 to/from external transceiver 10 w4 -
usba0_ulpiphy_dat3 USBAO data bit 3 to/from external transceiver 10 Y2 -
usbaO_ulpiphy_dat4 USBAO data bit 4 to/from external transceiver 10 Y3 -
usba0_ulpiphy_dat5 USBAO data bit 5 to/from external transceiver 10 Y4 -
usba0_ulpiphy_dat6 USBAO data bit 6 to/from external transceiver 10 AAl -
usba0_ulpiphy_dat7 USBAO data bit 7 to/from external transceiver 10 AA2 -
usba0_otg_ce USBAO OTG charging enable signal O C3 -
usba0_otg_dp USBAO OTG data p 10DS B5 -
usba0_otg_dm USBAO OTG data m 10DS B4 -
Universal Serial Bus (USBB1)
usbbl_ulpiphy_clk USBBL1 10 to/from external transceiver 60-MHz clock | AE18 -
usbbl_ulpiphy_stp USBBL1 output to external transceiver to stop data O AG19 -
stream
usbbl_ulpiphy_dir USBBl_data direction control from external | AF19 -
transceiver
usbbl_ulpiphy_nxt USBBL1 next signal control from external transceiver | AE19 -
usbbl_ulpiphy_dat0 USBBL1 data bit 0 to/from external transceiver 10 AF18 -
usbbl_ulpiphy_datl USBBL1 data bit 1 to/from external transceiver 10 AG18 -
usbbl_ulpiphy_dat2 USBBL1 data bit 2 to/from external transceiver 10 AE17 -
usbbl_ulpiphy_dat3 USBBL1 data bit 3 to/from external transceiver 10 AF17 -
usbbl_ulpiphy_dat4 USBBL1 data bit 4 to/from external transceiver 10 AH17 -
usbbl_ulpiphy_dat5 USBBL1 data bit 5 to/from external transceiver 10 AE16 -
usbbl_ulpiphy_dat6 USBBL1 data bit 6 to/from external transceiver 10 AF16 -
usbbl_ulpiphy_dat7 USBBL1 data bit 7 to/from external transceiver 10 AG16 -
usbbl_ulpitll_clk USBB1 ULPI TLL Clock O AE18 -
usbb1_ulpitll_stp USBB1 ULPI TLL Stop I AG19 -
usbbl_ulpitll_dir USBB1 ULPI TLL Dir O AF19 -
usbbl_ulpitll_nxt USBB1 ULPI TLL Next O AE19 -
usbbl_ulpitll_dat0 USBB1 ULPI TLL data bit O 10 AF18 -
usbbl_ulpitll_datl USBB1 ULPI TLL data bit 1 10 AG18 -
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Table 2-27. USB Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
usbbl_ulpitll_dat2 USBB1 ULPI TLL data bit 2 10 AE17 -
usbbl_ulpitll_dat3 USBB1 ULPI TLL data bit 3 10 AF17 -
usbbl_ulpitll_dat4 USBB1 ULPI TLL data bit 4 10 AH17 -
usbbl_ulpitll_dat5 USBB1 ULPI TLL data bit 5 10 AE16 -
usbbl_ulpitll_dat6é USBB1 ULPI TLL data bit 6 10 AF16 -
usbbl_ulpitll_dat7 USBB1 ULPI TLL data bit 7 10 AG16 -
usbbl_hsic_data USBBL Inter chip data 10 AF14 -
usbbl_hsic_strobe USBBL Inter chip strobe 10 AE14 -
usbbl_mm_rxdm USBB1 Vminus receive data (not used in 3- or 4-pin 10 AE19 -

configurations)
usbbl_mm_rxdp USBBL1 Vplus receive data (not used in 3- or 4-pin 10 AG19 -
configurations)
usbbl_mm_rxrcv USBBL differential receiver signal input (not used in 10 AF17 -
3-pin mode)
usbbl_mm_txse0 USBBL1 single-ended zero. Used as VM in 4-pin 10 AE17 -
VP_VM mode.
usbbl_mm_txdat USBBL1 data. Used as VP in 4-pin VP_VM mode. 10 AG18 -
usbbl_mm_txen USBBL1 transmit enable 10 AF18 -
Universal Serial Bus (USBB2)
usbb2_ulpiphy_clk USBB2 10 to/from external transceiver 60-MHz clock | AG12 -
usbb2_ulpiphy_stp USBB2 output to external transceiver to stop data O AF12 -
stream
usbb2_ulpiphy_dir USBB2 data direction control from external | AE12 -
transceiver
usbb2_ulpiphy_nxt USBB2 next signal control from external transceiver | AG13 -
usbb2_ulpiphy_dat0 USBB2 data bit O to/from external transceiver 10 AE11 -
usbb2_ulpiphy_datl USBB2 data bit 1 to/from external transceiver 10 AF11 -
usbb2_ulpiphy_dat2 USBB2 data bit 2 to/from external transceiver 10 AG11 -
usbb2_ulpiphy_dat3 USBB2 data bit 3 to/from external transceiver 10 AH11 -
usbb2_ulpiphy_dat4 USBB2 data bit 4 to/from external transceiver 10 AE10 -
usbb2_ulpiphy_dat5 USBB2 data bit 5 to/from external transceiver 10 AF10 -
usbb2_ulpiphy_dat6 USBB2 data bit 6 to/from external transceiver 10 AG10 -
usbb2_ulpiphy_dat7 USBB2 data bit 7 to/from external transceiver 10 AE9 -
usbb2_ulpitll_clk USBB2 ULPI TLL Clock O AG12 -
usbb2_ulpitll_stp USBB2 ULPI TLL Stop | AF12 -
usbb2_ulpitll_dir USBB2 ULPI TLL Dir O AE12 -
usbb2_ulpitll_nxt USBB2 ULPI TLL Next O AG13 -
usbb2_ulpitll_dat0 USBB2 ULPI TLL data bit O 10 AE11 -
usbb2_ulpitll_datl USBB2 ULPI TLL data bit 1 10 AF11 -
usbb2_ulpitll_dat2 USBB2 ULPI TLL data bit 2 10 AG11 -
usbb2_ulpitll_dat3 USBB2 ULPI TLL data bit 3 10 AH11 -
usbb2_ulpitll_dat4 USBB2 ULPI TLL data bit 4 10 AE10 -
usbb2_ulpitll_dat5 USBB2 ULPI TLL data bit 5 10 AF10 -
usbb2_ulpitll_dat6 USBB2 ULPI TLL data bit 6 10 AG10 -
usbb2_ulpitll_dat7 USBB2 ULPI TLL data bit 7 10 AE9 -
usbb2_hsic_data USBB?2 Inter chip data 10 AF13 -
usbb2_hsic_strobe USBB?2 Inter chip strobe 10 AE13 -
usbb2_mm_rxdm USBB2 Vminus receive data (not used in 3- or 4-pin 10 AD27 -
configurations)
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Table 2-27. USB Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]

usbb2_mm_rxdp USBB2 Vplus receive data (not used in 3- or 4-pin 10 AD26 -

configurations)
usbb2_mm_rxrcv USBB2 differential receiver signal input (not used in 10 AD25 -

3-pin mode)
usbb2_mm_txse0 USBB?2 single-ended zero. Used as VM in 4-pin 10 AE24 [ AG11 -

VP_VM mode.
usbb2_mm_txdat USBB2 data. Used as VP in 4-pin VP_VM mode. 10 AF24 | AF11 -
usbb2_mm_txen USBB2 transmit enable 10 AC28/ AE11l -
Universal Serial Bus (USBC1)
usbcl_icusb_dp USBCL interchip USB host D plus 10DS H2 / AE5 -
usbcl_icusb_dm USBCL1 interchip USB host D minus 10DS H3 / AF5 -
usbcl_icusb_txen USBCL1 transmit enable O D23/ AF4 -
usbcl_icusb_rcv USBCL1 receive | AE4 -
2.4.4 Removable Media Interfaces
2.4.4.1 MMC/SDIO

NOTE
For more information, see the MMC/SD/SDIO section of the OMAP4430 TRM.
Table 2-28. MMC/SDIO Signal Descriptions
SIGNAL NAME [1] | DESCRIPTION [2] | TYPE[3] | BALLBOTTOM[4] | BALL TOP[5]

Multimedia Memory Card / Secure Digital 10 (SDMMC1)

sdmmcl_clk SDMMCL1 clock O D25/ D2 -
sdmmcl_cmd SDMMC1 command 10 B22 / E3 -
sdmmcl_dat0 SDMMCL1 data bit 0 10 Cl6/E4 -
sdmmcl_datl SDMMCL1 data bit 1 10 D16/ E2 -
sdmmcl_dat2 SDMMCL1 data bit 2 10 C17/E1 -
sdmmcl_dat3 SDMMCL1 data bit 3 10 D17/ F4 -
sdmmcl_dat4 SDMMCL1 data bit 4 10 C18/F3 -
sdmmcl_dat5 SDMMCL1 data bit 5 10 D18 /F1 -
sdmmcl_dat6 SDMMCL1 data bit 6 10 C19/G4 -
sdmmcl_dat7 SDMMCL1 data bit 7 10 D19/G3 -
Multimedia Memory Card / Secure Digital 10 (SDMMC2)

sdmmc2_clk SDMMC?2 clock O B11 / AE5 -
sdmmc2_cmd SDMMC2 command 10 B12 / AF5 -
sdmmc2_dat0 SDMMC?2 data bit 0 10 C12 / AE4 -
sdmmc2_datl SDMMC?2 data bit 1 10 D12/ AF4 -
sdmmc2_dat2 SDMMC?2 data bit 2 10 C13/AG3 -
sdmmc2_dat3 SDMMC?2 data bit 3 10 D13/ AF3 -
sdmmc2_dat4 SDMMC?2 data bit 4 10 C15/AD3 -
sdmmc2_dat5 SDMMC?2 data bit 5 10 D15/ AD4 -
sdmmc2_dat6 SDMMC?2 data bit 6 10 A16 / AC2 -
sdmmc2_dat7 SDMMC?2 data bit 7 10 B16 / AD2 -
sdmmc2_dir_cmd SDMMC2 command direction signal to drive external O Al6 -

level shifter
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Table 2-28. MMC/SDIO Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
sdmmc?2_dir_dat0 SDMMC2 data bit O direction signal to drive external O C15 -
level shifter
sdmmc2_dir_datl SDMMC?2 data bit 1/3 direction signal to drive O D15 -
external level shifter
sdmmc2_clk_fdbk SDMMC2 clock feedback if external loop back is | B16 -
needed
Multimedia Memory Card / Secure Digital 10 (SDMMC3)
sdmmc3_clk SDMMCS3 clock O AB26 / AE9 -
sdmmc3_cmd SDMMC3 command 10 AB27 / AG10 -
sdmmc3_dat0 SDMMCS3 data bit 0 10 AA25 / AE10 -
sdmmc3_datl SDMMCS3 data bit 1 10 AA26 / AH11 -
sdmmc3_dat2 SDMMCS3 data bit 2 10 AB25/ AG11 -
sdmmc3_dat3 SDMMCS3 data bit 3 10 AC27 | AF10 -
Multimedia Memory Card / Secure Digital 10 (SDMMC4)
sdmmc4_clk SDMMC4 clock O AE21/ AF12 -
sdmmc4_cmd SDMMC4 command 10 AF20 / AG12 -
sdmmc4_dat0 SDMMC4 data bit 0 10 AF21/ AE12 -
sdmmc4_datl SDMMC4 data bit 1 10 AH19 / AG13 -
sdmmc4_dat2 SDMMC4 data bit 2 10 AG20/ AE11 -
sdmmc4_dat3 SDMMC4 data bit 3 10 AE20/ AF11 -
Multimedia Memory Card / Secure Digital 10 (SDMMCS5)
sdmmc5_clk SDMMCS5 clock O AES -
sdmmc5_cmd SDMMC5 command 10 AF5 -
sdmmc5_dat0 SDMMCS5 data bit 0 10 AE4 -
sdmmc5_datl SDMMCS5 data bit 1 10 AF4 -
sdmmc5_dat2 SDMMCS5 data bit 2 10 AG3 -
sdmmc5_dat3 SDMMCS5 data bit 3 10 AF3 -
2.4.4.2 USIM
Table 2-29. USIM Signal Descriptions
SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
sim_io SIM data 10 H4 -
sim_clk SIM clock (@) J2 -
sim_reset SIM reset O G2 -
sim_cd SIM card detect | J1 -
sim_pwrctrl SIM power control O K1 -

2.45 Test Inter

2451 JTAG

faces

NOTE

For more information, see the On-Chip Debug Support / Debug Ports section of the
OMAP4430 TRM.
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Table 2-30. JTAG Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
jtag_ntrst JTAG® test reset I AH2 -
jtag_tck JTAG test clock | F4 | AG1 -
jtag_tms_tmsc JTAG test mode select / compressed JTAG packet 10 E1/AH1 -

(CITAG)
jtag_rtck JTAG ARM® clock emulation (0] AE3 -
jtag_tdi JTAG test data input | AE1l -
jtag_tdo JTAG test data output (0] AE2 -
2452 DPM

NOTE

For more information, see the On-Chip Debug Support / Debug Ports section of the

OMAP4430 TRM.

Table 2-31. DPM Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
dpm_emu0 Debug pin manager pin 0 10 M2 -
dpm_emul Debug pin manager pin 1 10 N2 -
dpm_emu2 Debug pin manager pin 2 O P2 -
dpm_emu3 Debug pin manager pin 3 O V1 -
dpm_emu4 Debug pin manager pin 4 O V2 -
dpm_emu5 Debug pin manager pin 5 O w1 -
dpm_emu6 Debug pin manager pin 6 O w2 -
dpm_emu7 Debug pin manager pin 7 O w3 -
dpm_emu8 Debug pin manager pin 8 O w4 -
dpm_emu9 Debug pin manager pin 9 O Y2 -
dpm_emul0 Debug pin manager pin 10 O Y3 -
dpm_emull Debug pin manager pin 11 O Y4 -
dpm_emul2 Debug pin manager pin 12 O AAl -
dpm_emul3 Debug pin manager pin 13 O AA2 -
dpm_emul4 Debug pin manager pin 14 O AA3 -
dpm_emul5 Debug pin manager pin 15 O F4 | AA4 -
dpm_emul6 Debug pin manager pin 16 O E1/AB2 -
dpm_emul?7 Debug pin manager pin 17 O E2 / AB3 -
dpm_emul8 Debug pin manager pin 18 O E4 /| AF8 / AB4 -
dpm_emul9 Debug pin manager pin 19 O D2/ AE8/ AC4 -
2453 TPIU

NOTE

For more information, see the On-Chip Debug Support / Debug Ports section of the

OMAP4430 TRM.

Table 2-32. TPIU 16-Bit Signal Descriptions

SIGNAL NAME [1]

PIN NAME [6]

DESCRIPTION [2]

TYPE [3]

BALL BOTTOM [4]

BALL TOP [5]

dpm_emu0 -

NA

M2
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Table 2-32. TPIU 16-Bit Signal Descriptions (continued)

SIGNAL NAME [1] PIN NAME [6] DESCRIPTION [2] TYPE [3] | BALL BOTTOM [4] BALL TOP [5]
- dpm_emul - NA N2 -
atpiu_clk dpm_emu2 TPIU ARM trace 16-bit clock (0] P2 -
atpiu_cntl dpm_emu3 TPIU ARM trace 16-bit clock control (0] Vi -
atpiu_do dpm_emu4 TPIU ARM trace 16-bit data O (0] V2 -
atpiu_d1 dpm_emu5 TPIU ARM trace 16-bit data 1 (0] w1 -
atpiu_d2 dpm_emu6 TPIU ARM trace 16-bit data 2 (0] W2 -
atpiu_d3 dpm_emu7 TPIU ARM trace 16-bit data 3 (0] W3 -
atpiu_d4 dpm_emu8 TPIU ARM trace 16-bit data 4 (0] w4 -
atpiu_d5 dpm_emu9 TPIU ARM trace 16-bit data 5 (0] Y2 -
atpiu_d6 dpm_emul0 TPIU ARM trace 16-bit data 6 (0] Y3 -
atpiu_d7 dpm_emull TPIU ARM trace 16-bit data 7 (0] Y4 -
atpiu_d8 dpm_emul2 TPIU ARM trace 16-bit data 8 (0] AAl -
atpiu_d9 dpm_emul3 TPIU ARM trace 16-bit data 9 (0] AA2 -
atpiu_d10 dpm_emul4 TPIU ARM trace 16-bit data 10 (0] AA3 -
atpiu_d11 dpm_emul5 TPIU ARM trace 16-bit data 11 (0] F4 | AA4 -
atpiu_d12 dpm_emul6 TPIU ARM trace 16-bit data 12 (0] E1/AB2 -
atpiu_d13 dpm_emul?7 TPIU ARM trace 16-bit data 13 (0] E2 / AB3 -
atpiu_d14 dpm_emul8 TPIU ARM trace 16-bit data 14 (0] E4 /| AF8 | AB4 -
atpiu_d15 dpm_emul9 TPIU ARM trace 16-bit data 15 (0] D2/ AE8/ AC4 -

Table 2-33. TPIU 18-Bit Signal Descriptions

SIGNAL NAME [1] PIN NAME [6] DESCRIPTION [2] TYPE [3] | BALL BOTTOM [4] BALL TOP [5]
atpiu_do dpm_emu0 TPIU ARM trace 18-bit data O (0] M2 -
atpiu_d1 dpm_emul TPIU ARM trace 18-bit data 1 (0] N2 -
atpiu_clk dpm_emu2 TPIU ARM trace 18-bit clock (0] P2 -
atpiu_cntl dpm_emu3 TPIU ARM trace 18-bit clock control (0] Vi -
atpiu_d2 dpm_emu4 TPIU ARM trace 18-bit data 2 (0] V2 -
atpiu_d3 dpm_emu5 TPIU ARM trace 18-bit data 3 (0] w1 -
atpiu_d4 dpm_emu6 TPIU ARM trace 18-bit data 4 (0] W2 -
atpiu_d5 dpm_emu? TPIU ARM trace 18-bit data 5 (0] W3 -
atpiu_d6 dpm_emu8 TPIU ARM trace 18-bit data 6 (0] w4 -
atpiu_d7 dpm_emu9 TPIU ARM trace 18-bit data 7 (0] Y2 -
atpiu_d8 dpm_emul0 TPIU ARM trace 18-bit data 8 (0] Y3 -
atpiu_d9 dpm_emull TPIU ARM trace 18-bit data 9 (0] Y4 -
atpiu_d10 dpm_emul2 TPIU ARM trace 18-bit data 10 (0] AAl -
atpiu_d11 dpm_emul3 TPIU ARM trace 18-bit data 11 (0] AA2 -
atpiu_d12 dpm_emul4 TPIU ARM trace 18-bit data 12 (0] AA3 -
atpiu_d13 dpm_emul5 TPIU ARM trace 18-bit data 13 (0] F4 | AA4 -
atpiu_d14 dpm_emul6 TPIU ARM trace 18-bit data 14 (0] E1/AB2 -
atpiu_d15 dpm_emul?7 TPIU ARM trace 18-bit data 15 (0] E2 / AB3 -
atpiu_d16 dpm_emul8 TPIU ARM trace 18-bit data 16 (0] E4 /| AF8 | AB4 -
atpiu_d17 dpm_emul9 TPIU ARM trace 18-bit data 17 (0] D2/ AE8/ AC4 -
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2454 STM

NOTE

For more information, see the On-Chip Debug Support / Debug Ports section of the

OMAP4430 TRM.

Table 2-34. STM Signal Descriptions

SIGNALNAME[1] | PINNAME[6] | DESCRIPTION [2] | TYPE[3] | BALL BOTTOM[4] | BALL TOP [5]
Option 1

astm_do dpm_emuO System trace data 0 10 M2 -
astm_d1 dpm_emul System trace data 1 10 N2 -
astm_clk dpm_emu2 System trace clock (0] P2 -
astm_d2 dpm_emu3 System trace data 3 (0] Vi -
astm_d3 dpm_emu4 System trace data 4 (0] V2 -
Option 2

astm_d3 dpm_emul5 System trace data 3 (0] F4 | AA4 -
astm_d2 dpm_emul6 System trace data 2 (0] E1/AB2 -
astm_d1 dpm_emul?7 System trace data 1 (0] E2 / AB3 -
astm_do dpm_emul8 System trace data 0 (0] E4 /| AF8 | AB4 -
astm_clk dpm_emul9 System trace clock (0] D2/ AE8 / AC4 -
Option 3

astm_clk dpm_emul System trace clock 10 N2 -
astm_d0 dpm_emuO System trace data 0 10 M2 -

2455 ATTILA

Table 2-35. ATTILA Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
attila_hw_dbg0 Attila hardware debug pin 0 (0] M2 -
attila_hw_dbg1 Attila hardware debug pin 1 (0] H4 / N2 -
attila_hw_dbg2 Attila hardware debug pin 2 (0] J2 /P2 -
attila_hw_dbg3 Attila hardware debug pin 3 (0] G2/V1 -
attila_hw_dbg4 Attila hardware debug pin 4 (0] Ji1/v2 -
attila_hw_dbg5 Attila hardware debug pin 5 (0] K1/w1 -
attila_hw_dbg6 Attila hardware debug pin 6 (0] AD2 /W2 -
attila_hw_dbg7 Attila hardware debug pin 7 (0] AD3 /W3 -
attila_hw_dbg8 Attila hardware debug pin 8 (0] AD4 | W4 -
attila_hw_dbg9 Attila hardware debug pin 9 (0] AC2/Y2 -
attila_hw_dbg10 Attila hardware debug pin 10 (0] AC3/Y3 -
attila_hw_dbg11 Attila hardware debug pin 11 (0] AG6 /Y4 -
attila_hw_dbg12 Attila hardware debug pin 12 (0] AF8 / AAl -
attila_hw_dbg13 Attila hardware debug pin 13 (0] AE8 / AA2 -
attila_hw_dbg14 Attila hardware debug pin 14 (0] AA3 -
attila_hw_dbg15 Attila hardware debug pin 15 (0] AA4 -
attila_hw_dbg16 Attila hardware debug pin 16 (0] AB2 -
attila_hw_dbg17 Attila hardware debug pin 17 (0] AB3 -
attila_hw_dbg18 Attila hardware debug pin 18 (0] AB4 -
attila_hw_dbg19 Attila hardware debug pin 19 (0] AC4 -
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Table 2-35. ATTILA Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
attila_hw_dbg20 Attila hardware debug pin 20 O AE18 -
attila_hw_dbg21 Attila hardware debug pin 21 O AG19 -
attila_hw_dbg22 Attila hardware debug pin 22 O AF19 -
attila_hw_dbg23 Attila hardware debug pin 23 O AE19 -
attila_hw_dbg24 Attila hardware debug pin 24 O AF18 -
attila_hw_dbg25 Attila hardware debug pin 25 O AG18 -
attila_hw_dbg26 Attila hardware debug pin 26 O AE17 -
attila_hw_dbg27 Attila hardware debug pin 27 O AF17 -
attila_hw_dbg28 Attila hardware debug pin 28 O AH17 -
attila_hw_dbg29 Attila hardware debug pin 29 O AE16 -
attila_hw_dbg30 Attila hardware debug pin 30 O AF16 -
attila_hw_dbg31 Attila hardware debug pin 31 O AG16 -

2.45.6 Video Encoder Test

NOTE

For more information, see the Display Subsystem / Video Encoder section of the OMAP4430
TRM.

Table 2-36. Video Encoder Test Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
venc_656_data0 Video encoder display debug signal 0 | B17 -
venc_656_datal Video encoder display debug signal 1 | A18 -
venc_656_data2 Video encoder display debug signal 2 | B18 -
venc_656_data3 Video encoder display debug signal 3 | A19 -
venc_656_data4 Video encoder display debug signal 4 | B19 -
venc_656_data5 Video encoder display debug signal 5 | B20 -
venc_656_data6 Video encoder display debug signal 6 | A21 -
venc_656_data7 Video encoder display debug signal 7 | B21 -

2.4.6 General-Purpose IOs

NOTE

For more information, see the General-Purpose Interface section of the OMAP4430 TRM.

Table 2-37. GPIO Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpio_wk0 General-purpose 10 0, Bank1, always GPIO 10 H4 -
gpio_0 General-purpose 10 0, Bankl 10 J27 -
gpio_wk1 General-purpose 10 1, Bank1, always GPIO 10 J2 -
gpio_1 General-purpose 10 1, Bankl 10 H27 -
gpio_wk2 General-purpose 10 2, Bank1, always GPIO 10 G2 -
gpio_2 General-purpose 10 2, Bankl 10 L27 -
gpio_wk3 General-purpose 10 3, Bank1, always GPIO 10 J1 -
gpio_3 General-purpose 10 3, Bankl 10 K27 -
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Table 2-37. GPIO Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpio_wk4 General-purpose 10 4, Bank1, always GPIO 10 K1 -
gpio_wk6 General-purpose 10 5, Bank1, always GPIO 10 AD2 -
gpio_wk7 General-purpose 10 6, Bank1, always GPIO 10 AC2 -
gpio_wk8 General-purpose 10 7, Bankl, always GPIO 10 AC3 -
gpio_wk9 General-purpose 10 8, Bank1, always GPIO 10 AF8 -
gpio_wk10 General-purpose 10 9, Bank1, always GPIO 10 AES8 -
gpio_11 General-purpose 10 11, Bankl 10 M2 -
gpio_12 General-purpose 10 12, Bank1l 10 N2 -
gpio_13 General-purpose 10 13, Bank1l 10 P2 -
gpio_14 General-purpose 10 14, Bankl 10 V1 -
gpio_15 General-purpose 10 15, Bank1l 10 V2 -
gpio_16 General-purpose 10 16, Bank1l 10 w1 -
gpio_17 General-purpose 10 17, Bank1l 10 w2 -
gpio_18 General-purpose 10 18, Bank1l 10 w3 -
gpio_19 General-purpose 10 19, Bank1l 10 w4 -
gpio_20 General-purpose 10 20, Bank1l 10 Y2 -
gpio_21 General-purpose 10 21, Bankl 10 Y3 -
gpio_22 General-purpose 10 22, Bank1l 10 Y4 -
gpio_23 General-purpose 10 23, Bank1l 10 AAl -
gpio_24 General-purpose 10 24, Bank1l 10 AA2 -
gpio_25 General-purpose 10 25, Bank1 10 AA3 -
gpio_26 General-purpose 10 26, Bank1 10 AA4 -
gpio_27 General-purpose 10 27, Bankl 10 AB2 -
gpio_28 General-purpose 10 28, Bank1l 10 AB3 -
gpio_wk29 General-purpose 10 29, Bankl, always GPIO 10 AG6 -
gpio_wk30 General-purpose 10 30, Bank1, always GPIO 10 AD3 -
gpio_wk31 General-purpose 10 31, Bankl, always GPIO 10 AD4 -
gpio_32 General-purpose 10 32 10 Cl6 -
gpio_33 General-purpose 10 33 10 D16 -
gpio_34 General-purpose 10 34 10 C17 -
gpio_35 General-purpose 10 35 10 D17 -
gpio_36 General-purpose 10 36 10 C18 -
gpio_37 General-purpose 10 37 10 D18 -
gpio_38 General-purpose 10 38 10 C19 -
gpio_39 General-purpose 10 39 10 D19 -
gpio_40 General-purpose 10 40 10 B17 -
gpio_41 General-purpose 10 41 10 A18 -
gpio_42 General-purpose 10 42 10 B18 -
gpio_43 General-purpose 10 43 10 A19 -
gpio_44 General-purpose 10 44 10 B19 -
gpio_45 General-purpose 10 45 10 B20 -
gpio_46 General-purpose 10 46 10 A21 -
gpio_47 General-purpose 10 47 10 B21 -
gpio_48 General-purpose 10 48 10 C20 -
gpio_49 General-purpose 10 49 10 D20 -
gpio_50 General-purpose 10 50 10 B25 -
gpio_51 General-purpose 10 51 10 Cc21 -
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Table 2-37. GPIO Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpio_52 General-purpose 10 52 10 D21 -
gpio_53 General-purpose 10 53 10 C22 -
gpio_54 General-purpose 10 54 10 C25 -
gpio_55 General-purpose 10 55 10 B22 -
gpio_56 General-purpose 10 56 10 D25 -
gpio_59 General-purpose 10 59 10 Cc23 -
gpio_60 General-purpose 10 60 10 D22 -
gpio_61 General-purpose 10 61 10 B26 -
gpio_62 General-purpose 10 62 10 B23 -
gpio_63 General-purpose 10 63 10 B9 -
gpio_64 General-purpose 10 64 10 B10 -
gpio_65 General-purpose 10 65 10 A8 -
gpio_66 General-purpose 10 66 10 B8 -
gpio_81 General-purpose 10 81 10 T27 -
gpio_82 General-purpose 10 82 10 u27 -
gpio_83 General-purpose 10 83 10 V27 -
gpio_84 General-purpose 10 84 10 AE18 -
gpio_85 General-purpose 10 85 10 AG19 -
gpio_86 General-purpose 10 86 10 AF19 -
gpio_87 General-purpose 10 87 10 AE19 -
gpio_88 General-purpose 10 88 10 AF18 -
gpio_89 General-purpose 10 89 10 AG18 -
gpio_90 General-purpose 10 90 10 AE17 -
gpio_91 General-purpose 10 91 10 AF17 -
gpio_92 General-purpose 10 92 10 AH17 -
gpio_93 General-purpose 10 93 10 AE16 -
gpio_94 General-purpose 10 94 10 AF16 -
gpio_95 General-purpose 10 95 10 AG16 -
gpio_96 General-purpose 10 96 10 AF14 -
gpio_97 General-purpose 10 97 10 AE14 -
gpio_98 General-purpose 10 98 10 H2 -
gpio_99 General-purpose 10 99 10 H3 -
gpio_100 General-purpose 10 100 10 D23 /D2 -
gpio_101 General-purpose 10 101 10 A24 | E3 -
gpio_102 General-purpose 10 102 10 B24 /| E4 -
gpio_103 General-purpose 10 103 10 C24 | E2 -
gpio_104 General-purpose 10 104 10 D24/ E1 -
gpio_105 General-purpose 10 105 10 F4 -
gpio_106 General-purpose 10 106 10 F3 -
gpio_107 General-purpose 10 107 10 F1 -
gpio_108 General-purpose 10 108 10 G4 -
gpio_109 General-purpose 10 109 10 G3 -
gpio_110 General-purpose 10 110 10 AD27 -
gpio_111 General-purpose 10 111 10 AD26 -
gpio_112 General-purpose 10 112 10 AD25 -
gpio_113 General-purpose 10 113 10 AC28 -
gpio_114 General-purpose 10 114 10 AC26 -
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Table 2-37. GPIO Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpio_115 General-purpose 10 115 10 AC25 -
gpio_116 General-purpose 10 116 10 AB25 -
gpio_117 General-purpose 10 117 10 AC27 -
gpio_118 General-purpose 10 118 10 AH26 -
gpio_119 General-purpose 10 119 10 AE24 -
gpio_120 General-purpose 10 120 10 AF24 -
gpio_121 General-purpose 10 121 10 AG24 -
gpio_122 General-purpose 10 122 10 AH24 -
gpio_123 General-purpose 10 123 10 AB26 -
gpio_124 General-purpose 10 124 10 AB27 -
gpio_125 General-purpose 10 125 10 AA25 -
gpio_126 General-purpose 10 126 10 AA26 -
gpio_127 General-purpose 10 127 10D AA27 -
gpio_128 General-purpose 10 128 10 C26 -
gpio_129 General-purpose 10 129 10 D26 -
gpio_130 General-purpose 10 130 10 w27 -
gpio_131 General-purpose 10 131 10 Y27 -
gpio_132 General-purpose 10 132 10 AG21 -
gpio_133 General-purpose 10 133 10 AH22 -
gpio_134 General-purpose 10 134 10 AF22 -
gpio_135 General-purpose 10 135 10 AE22 -
gpio_136 General-purpose 10 136 10 AG22 -
gpio_137 General-purpose 10 137 10 AE23 -
gpio_138 General-purpose 10 138 10 AF23 -
gpio_139 General-purpose 10 139 10 AG23 -
gpio_140 General-purpose 10 140 10 AH23 -
gpio_141 General-purpose 10 141 10 F27 -
gpio_142 General-purpose 10 142 10 F28 -
gpio_143 General-purpose 10 143 10 G27 -
gpio_144 General-purpose 10 144 10 G28 -
gpio_145 General-purpose 10 145 10 AE5 -
gpio_146 General-purpose 10 146 10 AF5 -
gpio_147 General-purpose 10 147 10 AE4 -
gpio_148 General-purpose 10 148 10 AF4 -
gpio_149 General-purpose 10 149 10 AG3 -
gpio_150 General-purpose 10 150 10 AF3 -
gpio_151 General-purpose 10 151 10 AE21 -
gpio_152 General-purpose 10 152 10 AF20 -
gpio_153 General-purpose 10 153 10 AF21 -
gpio_154 General-purpose 10 154 10 AE20 -
gpio_155 General-purpose 10 155 10 AG20 -
gpio_156 General-purpose 10 156 10 AH19 -
gpio_157 General-purpose 10 157 10 AG12 -
gpio_158 General-purpose 10 158 10 AF12 -
gpio_159 General-purpose 10 159 10 AE12 -
gpio_160 General-purpose 10 160 10 AG13 -
gpio_161 General-purpose 10 161 10 AE11 -
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Table 2-37. GPIO Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpio_162 General-purpose 10 162 10 AF11 -
gpio_163 General-purpose 10 163 10 AG11 -
gpio_164 General-purpose 10 164 10 AH11 -
gpio_165 General-purpose 10 165 10 AE10 -
gpio_166 General-purpose 10 166 10 AF10 -
gpio_167 General-purpose 10 167 10 AG10 -
gpio_168 General-purpose 10 168 10 AE9 -
gpio_169 General-purpose 10 169 10 AF13 -
gpio_170 General-purpose 10 170 10 AE13 -
gpio_171 General-purpose 10 171 10 G26 -
gpio_172 General-purpose 10 172 10 G25 -
gpio_173 General-purpose 10 173 10 H26 -
gpio_174 General-purpose 10 174 10 H25 -
gpio_175 General-purpose 10 175 10 J26 -
gpio_176 General-purpose 10 176 10 J25 -
gpio_177 General-purpose 10 177 10 K26 -
gpio_178 General-purpose 10 178 10 K25 -
gpio_181 General-purpose 10 181 10 AA28 -
gpio_182 General-purpose 10 182 10 Y28 -
gpio_183 General-purpose 10 183 10 AF6 -
gpio_184 General-purpose 10 184 10 F26 -
gpio_185 General-purpose 10 185 10 E27 -
gpio_186 General-purpose 10 186 10 E26 -
gpio_187 General-purpose 10 187 10 E25 -
gpio_188 General-purpose 10 188 10 D28 -
gpio_189 General-purpose 10 189 10 D27 -
gpio_190 General-purpose 10 190 10 AB4 -
gpio_191 General-purpose 10 191 10 AC4 -

2.4.7 General-Purpose In

NOTE

For more information, see the General-Purpose Interface section of the OMAP4430 TRM.

Table 2-38. GPIN Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpi_wk5 General-purpose In 5, Bankl, always GPIN | AG8 -
gpi_67 General-purpose In 67 | R26 -
gpi_68 General-purpose In 68 | R25 -
gpi_69 General-purpose In 69 | T26 -
gpi_70 General-purpose In 70 | T25 -
gpi_71 General-purpose In 71 | u26 -
gpi_72 General-purpose In 72 | u25 -
gpi_73 General-purpose In 73 | V26 -
gpi_74 General-purpose In 74 | V25 -
gpi_75 General-purpose In 75 | W26 -
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Table 2-38. GPIN Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
gpi_76 General-purpose In 76 | W25 -
gpi_77 General-purpose In 77 | M26 -
gpi_78 General-purpose In 78 | M25 -
gpi_79 General-purpose In 79 | N26 -
gpi_80 General-purpose In 80 | N25 -

2.4.8 System and Miscellaneous
2.4.8.1 DM Timer
NOTE
For more information, see the Timers section of the OMAP4430 TRM.
Table 2-39. DM Timer Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
dmtimer8_pwm_evt DM timer event input or PWM output 10 AH17 / G27 | AB2 -
dmtimer9_pwm_evt DM timer event input or PWM output 10 AE16 / AH24 | G28 / -

AB3
dmtimer10_pwm_evt | DM timer event input or PWM output 10 AF16 / AB4 -
dmtimerll_pwm_evt | DM timer event input or PWM output 10 AG16 / AG24 | AC4 -

2.482 KeyPad

NOTE

For more information, see Keyboard Controller / Keyboard Controller Environment section of

the OMAP4430 TRM.

Table 2-40. Keypad Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
kpd_row0 Keypad row 0 | C16/J26 / K25 -
kpd_rowl Keypad row 1 | D16 /J25/ L27 -
kpd_row2 Keypad row 2 | C17 ] K26 | K27 -
kpd_row3 Keypad row 3 | D17 /J26 / K25 -
kpd_row4 Keypad row 4 | B17/J25/L27 -
kpd_row5 Keypad row 5 | A18 /K26 | K27 -
kpd_row6 Keypad row 6 | B18 / AF21 -
kpd_row7 Keypad row 7 | A19 / AE20 -
kpd_row8 Keypad row 8 | D21/ AG20 -
kpd_col0 Keypad column O oD C18/G26 / H25 -
kpd_coll Keypad column 1 oD D18/ G25/J27 -
kpd_col2 Keypad column 2 oD C19/H26 / H27 -
kpd_col3 Keypad column 3 oD D19/ G26 / H25 -
kpd_col4 Keypad column 4 oD B19/ G25/J27 -
kpd_col5 Keypad column 5 oD B20 / H26 / H27 -
kpd_col6 Keypad column 6 oD A21/AE21 -
kpd_col7 Keypad column 7 oD B21 / AF20 -

Copyright © 2010-2012, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Terminal Description

113

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

Table 2-40. Keypad Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
kpd_col8 Keypad column 8 oD C20/ AH19 -
248.3 POP
NOTE

For more information, see Package-On-Package Concept section of the OMAP4430 TRM.

Table 2-41. POP Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
pop_lpddr21_zq Feedthrough to top Ipddr21 ZQ pin FEED AH16 AJl7
pop_lpddr22_zq Feedthrough to top Ipddr22 ZQ pin FEED AF28 AG29
pop_vacc_lpddr2 Feedthrough to top Ipddr21and Ipddr22 vacc power PWR A26 / B2 B2 /B28

supply
pop_vddl_lpddr2_ Feedthrough to shared top Ipddr21 vand Ipddr22 dd1 PWR AG27/C1/AG2 Cl/AH2 / AH28
shared power supply
pop_vddl_lpddr21 Feedthrough to top Ipddr21 vdd1 power supply PWR A13/C27/ AH14 A15/C28/AJ15
pop_vdd1_lpddr22 Feedthrough to top Ipddr22 vdd2 power supply PWR N1/P1/R28 N2 /P29 /R1
pop_vdd2_lpddr2_ Feedthrough to shared top Ipddr21 and Ipddr22 vdd2 PWR AH3/A3/C28/ A3/C29/AG28/
shared power supply AF27 AH3
pop_vdd2_lpddr21 Feedthrough to top Ipddr21 vdd2 power supply PWR AG14 / A15/B15 A16 / B16 / AH15
pop_vdd2_lpddr22 Feedthrough to top Ipddr22 vdd2 power supply PWR T1/T2/N28 P28/ T1/T2

2.4.8.4 System And Miscellaneous

NOTE

For more information, see:

» Power, Reset and Clock Management / PRCM Subsystem Environment / External Clock
Signals section, or

* Power, Reset and Clock Management / PRCM Subsystem Environment / External Reset
Signals section, or

* Power, Reset and Clock Management / PRCM Subsystem Environment / External Power
Control Signals section

of the OMAP4430 TRM.

Table 2-42. System and Miscellaneous Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
sys_32k 32-kHz clock input | AG7 -
sys_nrespwron Global cold reset input | AE7 -
sys_nreswarm Global warm reset input/output 10D AF7 -
sys_nirql External interrupt (aimed at TWL6030 PMIC power | AE6 -

device connection)
sys_nirg2 External interrupt (aimed at TWL6030 PMIC power | AF6 -

device connection)
Sys_pwr_req Power request to exit off mode. Active high by default O AH7 -

but configurable
sys_pwron_reset_out | Peripheral power on reset output (0] AG6 -
sys_drm_msecure Secure mode output (0] AD2 / AD3 / AA3 -
sys_secure_indicator | Secure mode indicator (@) AD4 | AA4 -
114 Terminal Description Copyright © 2010-2012, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Link(s): OMAP4430


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

13 TEXAS

Public Version

INSTRUMENTS

www.ti.com

OMAP4430

SWPS041D —DECEMBER 2010-REVISED JANUARY 2012

Table 2-42. System and Miscellaneous Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
sys_boot0 System boot configration pin0O | F26 -
sys_bootl System boot configration pinl | E27 -
sys_boot2 System boot configration pin2 | E26 -
sys_boot3 System boot configration pin3 | E25 -
sys_boot4 System boot configration pin4 | D28 -
sys_boot5 System boot configration pin5 | D27 -
sys_boot6 System boot configration pin6 | AF8 -
sys_boot7 System boot configration pin7 | AES8 -
sys_ndmareqO External DMA request 0 | B25/ D23 -
sys_ndmareql External DMA request 1 | C25/A24 -
sys_ndmareq2 External DMA request 2 | B22 / B24 -
sys_ndmareq3 External DMA request 3 | D25/ C24 -
fref_xtal_in FREF o_scillator cell drive pad input or alternate clock Al-1 AH6 -

square input
fref_xtal_out FREF oscillator cell drive pad output AO AH5 -
fref_xtal_vssosc FREF oscillator kelvin ground na AG5 -
fref_slicer_in FREF main clock input to slicer or alternate clock Al-l AG8 -

input to internal peripheral
fref_clk_ioreq FREF input (sysboot[67] = 00) or output (sysboot[67] 10 AD1 -

=01, 10, 11) clock request for main clock
fref_clkO_out FREF clock 0 output O AD2 -
fref_clk1_out FREF clock 1 output O AA28 -
fref_clk2_out FREF clock 2 output (0] Y28 -
fref_clk3_out FREF clock 3 output O AD4 -
fref_clk4_out FREF clock 4 output. Active by default (0] AC3 -
fref_clk5_out FREF clock 5 output O AC2 -
fref_clkl_req FREF clock request 1 | AD2 / AD3 -
fref_clk2_req FREF clock request 2 | AD4 -
fref_clk3_req FREF clock request 3 | AD3 -
fref_clk4_req FREF clock request 4 | AC2 -
abe_clks ABE clock input | AH26 -
atestv® Reserved AO A27 -
vsense® Reserved AO AG28 -
iforce® Reserved Al AH27 -

(1) atestv, iforce, and vsense pins must be left unconnected.
The following bottom balls are reserved: C4 /C5/C6/D3/ D4/ D5/ D6 /L22 / N7. These balls must be left unconnected.
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2.4.9 Power Supplies

NOTE

For more information, see Power, Reset and Clock Management / PRCM Subsystem
Environment / External Voltage Inputs section of the OMAP4430 TRM.

Table 2-43. Power Supplies Signal Descriptions

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]
A Main and slicer ground GND H1/M1/AB1/C2/F2/K2/U2/AF2/B3 | A2/A6/A9/A11/
1J3/J4/AG4/B6/K8/U8/AH8/N9/ | Al4d/A28/B1l/B1l4
Al10/AH10/H11/AA11/N12/P12/R12/| /B21/B24/B29/
T12/U12/AA12/B13/H13/M13/N13/ | E28/F1/H28/J1/
P13/R13/T13/U13/AH13/M14 /N14/ | L29/ M2/ P1/ P2/
P14 /R14/T14/U14 / M15/N15/ P15/ R28/Vv2/Vv28/
R15/T15/U15/M16 /N16 /P16 /R16/ AA28 / AB2 / AE2 |
T16/U16/H17 /M17 [ N17 /P17 | R17 / AF28 / AH1 / AH5 /
T17/U17 /Y17 / AG17 /| H19/ A20/ AA20/ | AH14 / AH18 / AH29
J21/1L21/M21/U21/AH21/M22/A23/ | [ AJ2/AJ7/AJ11/
F25/125/Y25/1L26/Y26/AG26/B27/ AJ16/ AJ22 ] AJ28
AE27 | H28 / K28 / U28
vpp® eFuse power supply PWR Y22 -
vpp_cust® Customer eFuse power PWR J8 -
supply
vdd_core Core and oscillator power PWR J9/K9/L9/M9/T9/J10/J11/Y11/H12 -
supply 1312 /Y12 /313 /Y13 /AA13/J15/J16/
J17 /H18/J18/J19/J20/ K20/ L20/ M20
/' N20/R20/T20/U20/V20
vdd_mpu MPU power supply PWR V8 /W8/Y8/U9/V9/W9/Y9/Y10/ -
AA10
vdd_iva_audio IVA and audio BE power PWR AA17/Y18/AA18/Y19/AA19/W20/Y20 -
supply /V21/W21/Y21
vdds_1p2v 1.2-V 10O power supply PWR AA16 -
vdds_1p8v 1.8-V IO power supply PWR AB7 /U7 V7 /K7 /H22/J22 | W22
vdds_1p8_fref 1.8-V FREF IO power supply PWR Y7 -
vddg_lpddr2 LPDDR2 dm/ dgs / PWR D1/G1/U1/Y1/AC1/AF1/A4/AH4A] | A22/B4/B7/B9/
ndgs—O0/2 and 1/3 10s power A6/L7/G8/H8/L8/M8/AA8/A9/H9/ |B13/B18/B25/D2
supply AA9 / AB9 / AHO9 / A12 / AH12 /| A17 [ H20/ | / D29/ F29/ G2/ J2
G21/H21/A22/ A25/E28/J28 /128 /J28/M28/U1/Y1
/| AC1/AF2/AH9/
AH12 / AJ4 | AJ6
vddg_vref_Ipddr2 LPDDR2 DQ VREF power PWR G15/T8 -
supply:
Channel 1 on ball G15
Channel 2 on ball T8
vddca_lpddr2 LPDDR2 CA / clk / clk PWR AH18 / AH20 / AA21 / AB21 / AA22 /| AB22 |/ | T28 / AC28 | AE29 /
enable / chip select 10 power AH25 / T28 / AB28 / AD28 AH22 / AJ19 / AJ26
supply
vddca_vref_lpddr2 LPDDR2 CA VREF power PWR Y14 /| R27 -
supply:
Channel 1 on ball Y14
Channel 2 on ball R27
Ipddr2_vref_ca LPDDR2 CA VREF output PWR - AH16 / U28
power supply to memory:
Channel 1 on ball AH16
Channel 2 on ball U28
Ipddr2_vref_dq LPDDR2 DQ VREF output PWR - B15/R2

power supply to memory:
Channel 1 on ball B15
Channel 2 on ball R2
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Table 2-43. Power Supplies Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]

vdda_dll0_lpddr21 LPDDR21 DLL power supply PWR G22 -
providing clocks to byte 0
and 2

vdda_dll1_lpddr21 LPDDR21 DLL power supply PWR G9 -
providing clocks to byte 1
and 3

vdda_dlIl0_lpddr22 LPDDR22 DLL power supply PWR M7 -
providing clocks to byte 0
and 2

vdda_dll1_lpddr22 LPDDR22 DLL power supply PWR AB10 -
providing clocks to byte 1
and 3

vdda_dsil DSI1 PHY power supply PWR L1 -

vssa_dsi DSI1 and DSI2 PHY ground GND N8/ P8 -

vdda_dsi2 DSI2 PHY power supply PWR L2 -

vdda_csi2l CSI21 PHY power supply PWR w28 -

vssa_csi2 CSI21 and CSI22 PHY GND R22 -
ground

vdda_csi22 CSI22 PHY power supply PWR V28 -

vdda_hdmi_vdac HDMI PHY and VDAC PHY PWR All/G12 -
power supply

vssa_hdmi_vdac HDMI and VDAC PHY GND G11 -
ground

vdda_usbaOotg_3p3v | USB PHY 3.3-V power PWR A5 -
supply

vssa_ushaOotg_3p3v USB PHY 3.3-V ground GND G10 -

vdda_usbaOotg_1p8v | USB PHY 1.8-V power PWR A7 -
supply

vssa_usbaOotg USB PHY 1.8-V ground GND H10 -

vdds_usim SIM dual voltage 10 power PWR J7 -
supply

pbias_sim SIM pbias output PWR A2

vdds_sdmmcl SDMMC1 dual voltage 10 PWR G7 [ H7 -
power supply

pbias_mmcl SDMMC1 pbias output PWR Al

vdda_dpll_mpu MPU DPLL power supply PWR P9 -

vdda_dpll_core_audio | Core and audio DPLLs PWR G13 -
power supply

vdda_dpll_iva_per Peripheral and IVA DPLL PWR Y16 -
power supply

vdds_dv_gpmc GPMC dual voltage 10 power PWR G20 -
supply

vdds_dv_sdmmc2 SDMMC2 dual voltage 10 PWR G16 / H16 -
power supply

vdds_dv_c2c GPMC second dual voltage PWR G17/G18/G19 -
power supply

vdds_dv_cam Camera dual voltage 10 PWR V22 -
power supply

vdds_dv_bank0 Serial bankO dual voltage 10 PWR AB16 -
power supply

vdds_dv_bank1 Serial bank1 dual voltage 10 PWR AB20 -
power supply

vdds_dv_bank2 Serial bank2 dual voltage 10 PWR AB8 / AB19 -
power supply
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Table 2-43. Power Supplies Signal Descriptions (continued)

SIGNAL NAME [1] DESCRIPTION [2] TYPE [3] BALL BOTTOM [4] BALL TOP [5]

vdds_dv_bank3 Serial bank3 dual voltage 10 PWR AB18 -
power supply

vdds_dv_bank4 Serial bank4 dual voltage 10 PWR AA7 -
power supply

vdds_dv_bank5 Serial bank5 dual voltage 10 PWR AB17 -
power supply

vdds_dv_bank6 Serial bank6 dual voltage 10 PWR AA14 -
power supply

vdds_dv_bank7 Serial bank7 dual voltage 10 PWR M28 -
power supply

vdds_dv_fref FREF dual voltage |0 power PWR w7 -
supply

vdda_ldo_sram_mpu MPU SRAM LDO power PWR AB14 -
supply

vdda_ldo_sram_iva_ IVA SRAM LDO power PWR N22 -

audio supply

vdda_ldo_sram_core Core SRAM LDO power PWR T22 -
supply

vdda_ldo_emu_wkup Wake-up / emulation and PWR P7 -
WKUP EMU Array LDOs
power supply

vdda_bdgp_vbb Bandgap, MPU and IVA VBB PWR AB12 -
LDOs supply input

cap_vbb_Ido_mpu MPU VBB LDO output PWR AB13 -

cap_vbb_ldo_iva_audio | Audio VBB LDO output PWR R21 -

cap_vdd_ldo_sram_ MPU SRAM LDO output PWR AB11 -

mpu

cap_vdd_ldo_sram_ IVA SRAM LDO output PWR N21 -

iva_audio

cap_vdd_ldo_sram_ Core SRAM LDO output PWR u22 -

core

cap_vdd_ldo_emu_ Wake-Up LDO output PWR T7 -

wkup

(1) vpp must be unconnected. vpp_cust is only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave
vpp_cust turned off (floating). Note that if the TWL6030 PMIC is used then the vpp pull-down resistor inside the TWL6030 must be
disabled when the vpp_cust is turned off.
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3 Electrical Characteristics

NOTE

For more information, see Power, Reset and Clock Management / PRCM Subsystem
Environment / External Voltage Inputs or Initialization / Preinitialization / Power Requirements
section of the OMAP4430 TRM.

3.1 Absolute Maximum Ratings

Stresses beyond those listed as absolute maximum ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions
beyond those listed under Section 3.2, Recommended Operating Conditions, is not implied. Exposure to

absolute maximum rated conditions for extended periods may affect device reliability.

Table 3-1. Absolute Maximum Ratings Over Junction Temperature Range

PARAMETER MIN MAX UNIT
vdd_mpu Supply voltage for ARM MPU domain -0.5 1.50 \%
vdd_iva_audio Supply voltage for IVA3 and audio BE domain -0.5 1.50 \%
vdd_core Supply voltage for OMAP core domain -0.5 1.50 \%
vpp® Supply for eFuse programming -05 2.20 v
vpp_cust(“) Supply for customer eFuse programming -0.5 2.20 \%
I\,pp(“) Peak vpp current for eFuse programming 0.05 50 mA
vdda_dll0_lpddr21 Supply voltage for LPDDR21 DLL providing clocks to byte 0 and 2 -0.5 2.10 \%
vdda_dll1_lpddr21 Supply voltage for LPDDR21 DLL providing clocks to byte 1 and 3 -0.5 2.10 \%
vdda_dlIl0_lpddr22 Supply voltage for LPDDR22 DLL providing clocks to byte 0 and 2 -0.5 2.10 \%
vdda_dll1_lpddr22 Supply voltage for LPDDR22 DLL providing clocks to byte 1 and 3 -0.5 2.10 \%
vdda_dpll_mpu Supply voltage for MPU DPLLs -0.5 2.10 \%
vdda_dpll_core_audio Supply voltage for core and audio DPLLs -0.5 2.10 \%
vdda_dpll_iva_per Supply voltage for IVA and peripherals DPLLs -0.5 2.10 \%
vdda_csi2l Supply voltage for CSI21 PHY buffer -0.5 2.10 \%
vdda_csi22 Supply voltage for CSI22 PHY buffer -0.5 2.10 \%
vdda_dsil Supply voltage for DSI1 PHY buffer -0.5 2.10 \%
vdda_dsi2 Supply voltage for DSI2 PHY buffer -0.5 2.10 \%
vdda_ldo_sram_mpu Supply voltage for MPU SRAM LDO -0.5 2.10 \%
vdda_ldo_sram_iva_audio | Supply voltage for IVA and audio SRAM LDO -0.5 2.10 \%
vdda_ldo_sram_core Supply voltage for core SRAM LDO -0.5 2.10 \%
vdda_ldo_emu_wkup Supply voltage for wake-up / emulation LDO -0.5 2.10 \%
vdda_bdgp_vbb Supply voltage for bandgap -0.5 2.10 \%
vdda_hdmi_vdac Supply voltage for HDMI PHY buffers and video DAC -0.5 2.10 \%
vdda_usbaOotg_3p3v Supply voltage for USB PHY 3.3-V buffers -0.5 4.00 \%
vdda_usbaOotg_1p8v Supply voltage for USB PHY 1.8-V buffers -0.5 2.10 \%
vdds_1p2v Supply voltage for 1.2-V I/O macros -0.5 1.50 \%
vdds_1p8v Supply voltage for 1.8-V I/O macros -0.5 2.10 \%
vdds_1p8_fref Supply voltage for 1.8-V FREF 1/O macros -0.5 2.10 \%
vdds_dv_gpmc Supply voltage for GPMC dual voltage 10s -0.5 2.10 \%
vdds_sdmmcl Supply voltage for SDMMCL1 dual voltage 10s -0.5 3.80 \%
vdds_dv_sdmmc2 Supply voltage for SDMMC2 dual voltage 10s -0.5 2.10 \%
vdds_dv_c2c Supply voltage for GPMC second dual voltage 10s -0.5 2.10 \%
vdds_dv_cam Supply voltage for camera dual voltage 10s -0.5 2.10 \%
vdds_dv_bank0 Supply voltage for serial interface bank0 dual voltage 10s -0.5 2.10 \%
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Table 3-1. Absolute Maximum Ratings Over Junction Temperature Range (continued)

PARAMETER MIN MAX UNIT
vdds_dv_bank1l Supply voltage for serial interface bankl dual voltage 10s -0.5 2.10 \%
vdds_dv_bank2 Supply voltage for serial interface bank2 dual voltage 10s -0.5 2.10 \%
vdds_dv_bank3 Supply voltage for serial interface bank3 dual voltage 10s -0.5 2.10 \%
vdds_dv_bank4 Supply voltage for serial interface bank4 dual voltage 10s -0.5 2.10 \%
vdds_dv_bank5 Supply voltage for serial interface bank5 dual voltage 10s -0.5 2.10 \%
vdds_dv_bank6 Supply voltage for serial interface bank6 dual voltage 10s -0.5 2.10 \%
vdds_dv_bank7 Supply voltage for serial interface bank7 dual voltage 10s -0.5 2.10 \%
vdds_dv_fref Supply voltage for FREF dual voltage 10s -0.5 2.10 \%
vdds_usim Supply voltage for SIM dual voltage 10s -0.5 3.80 \%
vddg_lpddr2 Supply voltage for LPDDR2 10s -0.4 1.50 \%
vddg_vref_lpddr2 Supply voltage for LPDDR2 DQ VREF: -0.4 1.50 \%

Channel 1 on ball G15
Channel 2 on ball T8

vddca_lpddr2 Supply voltage for LPDDR2 CA, clock, clock enable, and chip select -0.4 1.50 \%
10s
vddca_vref_Ipddr2 Supply voltage for LPDDR2 CA VREF: -0.4 1.50 \%

Channel 1 on ball Y14
Channel 2 on ball R27

Vesp ESD stress voltage® HBM (Human Body Model)® >1000 v
CDM (Charged Device Model)® >250

liol Current-pulse injection on each I/O pin(® 100 mA

lclamp Clamp current for an input or output -20 20 mA

Tsre ® Storage temperature range after soldered onto PC Board -65 150 °C

(1) Electrostatic discharge (ESD) to measure device sensitivity/immunity to damage caused by electrostatic discharges into the device.

(2) ANSI/ESDA/JEDEC JS-001-2010. JEDEC documents JEP155 states that 1000-V HBM allows safe manufacturing with basic ESD
control methods.

(3) JEDEC JESD22-C101E. JEDEC documents JEP157 states that 250-V CDM allows safe manufacturing with basic ESD control methods.

(4) vpp must be unconnected. vpp_cust is only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave
vpp_cust turned off (floating). Note that if the TWL6030 PMIC is used then the vpp pull-down resistor inside the TWL6030 must be
disabled when the vpp_cust is turned off.

(5) For tape and reel the storage temperature range is [-10°C to 50°C] with a maximum relative humidity of 70%. It is recommended
returning to ambient room temperature before usage.

(6) Device meets latch-up requirement per JEDEC JESD78 class | when stressed at room temperature with I/O pin injection of the lower of
specified current or current reached at 1.5 times maximum I/O voltage.

Table 3-2 summarizes the power consumption at the ball level.

Table 3-2. Maximum Current Ratings at Ball Level

PARAMETER MAX UNIT
SIGNAL DESCRIPTION

vdd_mpu® Maximum current rating | OPPNTSB gMPU @ Peak current 1900 mA

for ARM MPU 1200 MHz)' ) Sustained current (worst case) 1600
OPPNT (MPU @ 1000 | Peak current 1450 mA

MHz) Sustained current (worst case) 1300
vdd_iva_audio® Maximum current rating for IVA3 and audio back-end (BE) 700 mA
vdd_core® Maximum current rating for OMAP Core | Sustained current (worst case) 850 mA
vpp® Maximum current rating for eFuse programming 50 mA
vpp_cust® Maximum current rating for customer eFuse programming 50 mA
vdda_dlIl0_lpddr21 Maximum current rating for LPDDR21 DLL providing clocks to bytes 0 and 2 5 mA
vdda_dll1_lpddr21 Maximum current rating for LPDDR21 DLL providing clocks to bytes 1 and 3 5 mA
vdda_dlIl0_lpddr22 Maximum current rating for LPDDR22 DLL providing clocks to bytes 0 and 2 5 mA
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Table 3-2. Maximum Current Ratings at Ball Level (continued)

PARAMETER MAX UNIT
SIGNAL DESCRIPTION
vdda_dll1_lpddr22 Maximum current rating for LPDDR22 DLL providing clocks to bytes 1 and 3 mA
vdda_dpll_mpu Maximum current rating for MPU DPLLs mA
vdda_dpll_core_audio Maximum current rating for core and audio DPLLs 10 mA
vdda_dpll_iva_per Maximum current rating for IVA and peripheral DPLLs 10 mA
vdda_csi2l Maximum current rating for CSI21 PHY buffer 10 mA
vdda_csi22 Maximum current rating for CSI22 PHY buffer 5 mA
vdda_dsil Maximum current rating for DSI1 PHY buffer 15 mA
vdda_dsi2 Maximum current rating for DSI2 PHY buffer 10 mA
vdda_ldo_sram_mpu Maximum current rating for MPU SRAM LDO 30 mA
vdda_ldo_sram_iva_audio Maximum current rating for IVA and audio SRAM LDO 30 mA
vdda_ldo_sram_core Maximum current rating for Core SRAM LDO 30 mA
vdda_ldo_emu_wkup Maximum current rating for wake-up / emulation LDO 60 mA
vdda_bdgp_vbb Maximum current rating for bandgap 60 mA
vdda_hdmi_vdac Maximum current rating for HDMI PHY buffers and Video DAC 35 mA
vdda_usbaOotg_3p3v Maximum current rating for USB PHY 3.3-V buffers 30 mA
vdda_usbaOotg_1p8v Maximum current rating for USB PHY 1.8-V buffers 35 mA
vdds_1p2v Maximum current rating for 1.2-V 1/0 macros 20 mA
vdds_1p8v Maximum current rating for 1.8-V 1/0O macros 140 mA
vdds_1p8_fref Maximum current rating for 1.8-V FREF I/O macros 5 mA
vdds_dv_gpmc Maximum current rating for GPMC dual voltage 10s 10 mA
vdds_sdmmcl(z) Maximum current rating for SDMMC1 dual voltage I0s 20 mA
vdds_dv_sdmmcz(z) Maximum current rating for SDMMC2 dual voltage I0s 10 mA
vdds_dv_c2c Maximum current rating for GPMC second dual voltage 10s 5 mA
vdds_dv_cam Maximum current rating for Camera dual voltage I10s 5 mA
vdds_dv_bank0 Maximum current rating for serial interface bankO dual voltage 10s 5 mA
vdds_dv_bank1 Maximum current rating for serial interface bank1 dual voltage 10s 5 mA
vdds_dv_bank2 Maximum current rating for serial interface bank2 dual voltage 10s 5 mA
vdds_dv_bank3 Maximum current rating for serial interface bank3 dual voltage 10s 5 mA
vdds_dv_bank4 Maximum current rating for serial interface bank4 dual voltage 10s 5 mA
vdds_dv_bank5 Maximum current rating for serial interface bank5 dual voltage 10s 5 mA
vdds_dv_bank6 Maximum current rating for serial interface bank6 dual voltage 10s 5 mA
vdds_dv_bank7 Maximum current rating for serial interface bank6 dual voltage 10s 5 mA
vdds_dv_fref Maximum current rating for FREF dual voltage 10s 5 mA
vdds_usim(3) Maximum current rating for SIM dual voltage 10s 20 mA
vddg_lpddr2 Maximum current rating for LPDDR2 10s 275 mA
vddg_vref_lpddr2 Maximum current rating for LPDDR2 DQ VREF: 1 mA
Channel 1 on ball G15
Channel 2 on ball T8
vddca_lpddr2 Maximum current rating for LPDDR2 CA, clock, clock enable and chip select IOs 25 mA
vddca_vref_lpddr2 Maximum current rating for LPDDR2 CA VREF: 1 mA
Channel 1 on ball Y14
Channel 2 on ball R27

(1) With SmartReflex™ enabled.
(2) MMC card and I/O card are not included.
(3) SIM card and I/O card are not included.

(4) vpp must be unconnected. vpp_cust is only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave
vpp_cust turned off (floating). Note that if the TWL6030 PMIC is used then the vpp pull-down resistor inside the TWL6030 must be
disabled when the vpp_cust is turned off.
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(5) Maximum currents for the MPU at 1.2 GHz are preliminary data. They could change following the silicon results.

3.2

Recommended Operating Conditions

The device is used under the recommended operating conditions described in Table 3-3.

NOTE

Logic functions and parameter values are not assured out of the range specified in the

recommended operating conditions.

Table 3-3. Recommended Operating Conditions

PARAMETER | DESCRIPTION | MmN [ Nowm MAX UNIT
Input Power Supply Voltage Range
vdd_mpu Supply voltage for ARM MPU domain See M Y
Noise (peak-peak) f <10 MHz 80 MVppmax
f=10 MHz 50
vdd_iva_audio Supply voltage range for IVA3 and audio BE domain See M \%
Noise (peak-peak) f <10 MHz 80 MVppmax
f=10 MHz 50
vdd_core Supply voltage range for OMAP Core domain See M \%
Noise (peak-peak) f <10 MHz 80 MVppmax
f=10 MHz 50
vdda_dlIl0_lpddr21 Supply voltage for LPDDR21 DLL providing clocks to 1.0 11 12 \%
bytes 0 and 2
Noise (peak-peak) 50 MVppmax
vdda_dll1_Ipddr21 Supply voltage for LPDDR21 DLL providing clocks to 1.0 11 1.2 \Y
bytes 1 and 3
Noise (peak-peak) 50 MVppmax
vdda_dIl0_lpddr22 Supply voltage for LPDDR22 DLL providing clocks to 1.0 11 12 \%
bytes 0 and 2
Noise (peak-peak) 50 MVppmax
vdda_dll1_Ipddr22 Supply voltage for LPDDR22 DLL providing clocks to 1.0 11 1.2 \Y
bytes 1 and 3
Noise (peak-peak) 50 MVppmax
vdda_dpll_mpu Supply voltage for MPU DPLLs 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_dpll_core_audio | Supply voltage for core and audio DPLLs 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_dpll_iva_per Supply voltage for IVA and peripheral DPLLs 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_csi21 Supply voltage for CSI21 PHY buffer 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_csi22 Supply voltage for CSI22 PHY buffer 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_dsil Supply voltage for DSI1 PHY buffer 1.71 1.80 1.89 \%
Noise (peak-peak) High-speed mode 50 MVppmax
Low-power mode
vdda_dsi2 Supply voltage for DSI2 PHY buffer 1.71 1.80 1.89 \%
Noise (peak-peak) High-speed mode 50 MVppmax
Low-power mode
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Table 3-3. Recommended Operating Conditions (continued)

PARAMETER DESCRIPTION MIN NOM MAX UNIT
vdda_ldo_sram_mpu Supply voltage for MPU SRAM LDO 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_ldo_sram_iva_ Supply voltage for IVA and audio SRAM LDO 1.71 1.80 1.89 \%
audio Noise (peak-peak) 50 MVppmax
vdda_ldo_sram_core Supply voltage for Core SRAM LDO 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_ldo_emu_wkup Supply voltage for wake-up / emulation LDO 1.00 1.20 1.26 \%
Noise (peak-peak) 50 MVppmax
vdda_bdgp_vbb Supply voltage for bandgap 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdda_hdmi_vdac Supply voltage for HDMI PHY buffers 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
Supply voltage for video DAC 1.71 1.80 1.89 \%
Maximum noise (peak-peak) for a frequency from 0 to 100 30 MVppmax
l((lljci’ a frequency > 100 kHz, decreases 20dB/dec)
vdda_usbaOotg_3p3v Supply voltage for USB PHY 3.3-V buffers 3.0 3.3 3.6 \%
Noise (peak-peak) 50 MVppmax
vdda_usbaOotg_1p8v Supply voltage for USB PHY 1.8-V buffers 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdds_1p2v Supply voltage for 1.2-V I/O macros 1.14 1.20 1.26 \%
Noise (peak-peak) 50 MVppmax
vdds_1p8v Supply voltage for 1.8-V I/O macros 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdds_1p8_fref Supply voltage for 1.8-V FREF 1/O macros 1.71 1.80 1.89 \%
Noise (peak-peak) 50 MVppmax
vdds_dv_gpmc Supply voltage for GPMC dual 1.2-V Mode 1.14 1.20 1.26 \%
voltage 10s 1.8-V Mode 171 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_sdmmc1® Supply voltage for SDMMC1 dual 1.8-V Mode 1.71 1.80 1.89 \Y
voltage 10s 3.0-V Mode 2.7 3.0 3.6
Noise (peak-peak) 1.8-V Mode 50 MVppmax
3.0-V Mode
vdds_dv_sdmmc2@ Supply voltage for SDMMC?2 dual 1.2-V Mode 1.14 1.20 1.26 \Y
voltage 10s 1.8-V Mode 171 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_c2c Supply voltage for GPMC second 1.2-V Mode 1.14 1.20 1.26 \%
dual voltage 0s 1.8-V Mode 171 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_cam Supply voltage for Camera dual 1.2-V Mode 1.14 1.20 1.26 \%
voltage 10s 1.8-V Mode 171 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
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Table 3-3. Recommended Operating Conditions (continued)

PARAMETER DESCRIPTION MIN NOM MAX UNIT
vdds_dv_bank0 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank0 dual voltage |10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank1 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bankl dual voltage |10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank2 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank2 dual voltage 10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank3 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank3 dual voltage |10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank4 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank4 dual voltage 10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank5 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank5 dual voltage 10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank6 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank6 dual voltage |10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_bank7 Supply voltage for serial interface 1.2-V Mode 1.14 1.20 1.26 \%
bank7 dual voltage |10s 1.8-V Mode 1.71 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_dv_fref Supply voltage for FREF dual 1.2-V Mode 1.14 1.20 1.26 \%
voltage 10s 1.8-V Mode 171 1.80 1.89
Noise (peak-peak) 1.2-V Mode 50 MVppmax
1.8-V Mode
vdds_usim® Supply voltage for SIM dual voltage | 1.8-V Mode 1.71 1.80 1.89 \Y
10s 3.0-V Mode 2.7 3.0 3.6
Noise (peak-peak) 1.8-V Mode 50 MVppmax
3.0-V Mode
vddg_lpddr2 Supply voltage for LPDDR2 10s 1.14 1.20 1.30 \%
Noise (peak-peak) 100 MVppmax
vddg_vref_Ipddr2 Supply voltage for LPDDR2 DQ VREF: 1.14 1.20 1.30 \%
Channel 1 on ball G15
Channel 2 on ball T8
Noise (peak-peak) 12 MVppmax
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Table 3-3. Recommended Operating Conditions (continued)

PARAMETER DESCRIPTION MIN NOM MAX UNIT
vddca_lpddr2 Supply voltage for LPDDR2 CA, clock, clock enable and 1.14 1.20 1.30 \%
chip select 10s
Noise (peak-peak) 100 MVppmax
vddca_vref_|pddr2 Supply voltage for LPDDR2 CA VREF: 1.14 1.20 1.30 \%
Channel 1 on ball Y14
Channel 2 on ball R27
Noise (peak-peak) 12 MVppmax
vpp®@ Supply voltage for eFuse 1.65 1.70 1.75 \Y,
vpp_cust® Supply voltage for customer eFuse 1.65 1.70 1.75 \Y,
Vpab Voltage at I/O pad 0 vddy®) \Y,
vssa_usbaOotg_3p3v Ground for USB PHY 3.3-V buffer 0 \%
vssa_usbaOotg Ground for USB PHY 1.8-V buffer 0 \%
vssa_hdmi_vdac Ground for HDMI PHY buffers and Video DAC 0 \%
vssa_csi2 Ground for CSI2 PHY buffer 0 \%
vssa_dsi Ground for DSI buffer 0 \%
ES] Main ground 0 \%
Tg® Operating board (PCB) temperature range -40 85 °C
T, 406 Operating junction temperature range (vpp turned —40 1100 °C
off—floating)
TJ_VPP(Z) Operating junction temperature range during eFuse -10 65 °C
programming (vpp turned on)
Output Power Supply Voltage Range
Ipddr2_vref_dq LPDDR2 DQ VREF output power supply to memory: 0.49 * 0.50 * 0.51* \%
Channel 1 on ball B15 vddg_vref_ | vddq_vref_ | vddq_vref_
Channel 2 on ball R2 Ipddr2 Ipddr2 Ipddr2
Ipddr2_vref_ca LPDDR2 CA VREF output power supply to memory: 0.49 * 0.50 * 0.51* \%
Channel 1 on ball AH16 vddca_vref_ | vddca_vref_ | vddca_vref_
Channel 2 on ball U28 Ipddr2 Ipddr2 Ipddr2

(1) See the operating condition addendum for values. OPP voltage values may change following the silicon characterization result.

(2) vpp must be unconnected. vpp_cust is only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave
vpp_cust turned off (floating). Note that if the TWL6030 PMIC is used then the vpp pull-down resistor inside the TWL6030 must be
disabled when the vpp_cust is turned off.

(3) vddy refers to vdda_csiphyl, vdda_csiphy2, vdda_dsi, vdda_dac, vdds, vdds_mem, vdds_sdmmc1, and vdds_usim.

(4) The board temperature (Tg) and junction temperature (T;) ranges are defined for 2S2P board types (reference JEDEC standard
JESD51-9, Test Board for Array Surface Mount Package Thermal Measurements). Note that the board temperature is measured at 1
mm from the package edge.

(5) Maximum supported junction temperature in functional operating condition is 110°C. That does not mean that 110°C of junction
temperature is supported continuously. For more information on reliability, see Table 3-4, Power On Hour (POH) Limits example of

profile.
Table 3-4. Power On Hour (POH) Limits®®®)
ovgs\zzgso CASE vo(k/T)é)GE MAXIMUM FREQUENCY (MHz) T,cC)@ POH (h)

MPU IVA CORE

OMAP4430- | 43830 Hours < OPPNT 1000 266 400 93 2641

1000 (5 years) < OPP100 600 266 400 48 1377

< OPP50 300 133 200 59 6487

< OPP50 98 133 200 30 1381

RETENTION ] - ] 25 31945

Total 43830
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M)
@
®
4
®)

For other use cases, contact Tl for evaluation to determine if they can be supported.

T, is the average operating junction temperature.

See the operating condition addendum for values.

With SmartReflex™ enabled.

The power on hour (POH) analysis is based on a typical use case with following parameters:

— The percentage (%) of activity by day for each application of the use case

— The MPU, IVA, and CORE voltages and frequencies by application (ideally the use of vdd_mpu, vdd_iva_audio, or vdd_core OPPs)
— The average operating junction temperature

—  SmartReflex™ (power optimization techniques) use or not.

The above power on hour use case is based on a 5 years lifetime use profile for smartphones and other mobile devices. Other use
cases can apply for other devices in other fields and for a lifetime up to 5 years.

3.3 DC Electrical Characteristics

Table 3-5 through Table 3-20 summarize the dc electrical characteristics.

NOTE
The data specified in Table 3-5 through Table 3-20 are subject to change.

NOTE
The dc electrical characteristics of the CVIDEO 10 are detailed in Section 5, Video DAC
Specifications.

NOTE

The interfaces or signals described in Table 3-5 through Table 3-20 correspond to the
interfaces or signals available in multiplexing mode 0.

All interfaces or signals multiplexed on the balls / pins described in these tables have the
same dc electrical characteristics, unless multiplexing involves a PHY/GPIO combination in
which case different dc electrical characteristics are specified for the different multiplexing
modes.
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3.3.1 GPMC DC Electrical Characteristics

Table 3-5 summarizes the GPMC dc electrical characteristics in multiplexing mode 0.

NOTE

For more information on the 10 cell configurations (SC[1:0], MB[1:0] and LBO), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the

OMAP4430 TRM.

Table 3-5. GPMC DC Electrical Characteristics

PARAMETER MIN MAX ‘ UNIT
Signals in Mode 0O: gp_mc_ad}lS:O], gpmc_a[25:16], gpmc_ncs[7:0], gpmc_clk, gpmc_nadv_ale, gpmc_noe, gpmc_nwe, gpmc_nbe0_cle,
gpmc_nbel, gpmc_wait[2:1]®
(Bottom Balls: C12 /D12 /C13/ D13/ C15 ,D15/A16/B16/C16 /D16 /C17 /D17 /C18/D18/C19/D19/B17/A18/B18/A19/
B19/B20/A21/B21/C20/D20/B25/C21/D21/C22/B22/D25/B11/B12/C23/D22/B23/D23/A24/B24/C24/ D24)(5)
GPMC Mode
CLoap | Load capacitance 5 10 pF
tor Output transition time (rise time, tg or fall time, tg), 2 ns
measured between 20% and 80% of PAD voltage,
maximum at maximum load)
1.8-V Mode
" Input high-level threshold 0.65 * vdds_dv_y® v
Vi Input low-level threshold 0.35 * vdds_dv_y®) v
Von Output high-level threshold (Ioy = —6 mA) vdds_dv_y® —0.45 \Y
VoL Output low-level threshold (Io. = 6 MA) 0.45 \%
Viys® | Input hysteresis voltage 150 mv
1.2-V Mode
" Input high-level threshold 0.65 * vdds_dv_y® v
Vi Input low-level threshold 0.35 * vdds_dv_y®®) v
Vou Output high-level threshold (Ioy = -6 mA) 0.75 * vdds_dv_y® v
VoL Output low-level threshold (o, = 6 mA) 0.25 * vdds_dv_y® v
Viys® | Input hysteresis voltage 135 mv
SDMMC2
1.8-V Mode
CLoap | Load capacitance 2 5 pF
tor Output transition time (rise time, tg or fall time, tg), 2.7 ns
measured between 20% and 80% of PAD voltage,
maximum at maximum load)
" Input high-level threshold 0.65 * vdds_dv_y® v
Vi Input low-level threshold 0.35 * vdds_dv_y®) v
Von Output high-level threshold (Ioy = —6 MA) vdds_dv_y® —0.45 \Y
VoL Output low-level threshold (Io. = 6 MA) 0.45 \%
Viys® | Input hysteresis voltage 150 mv
1.2-V Mode
CLoap | Load capacitance 2 5 pF
tor Output transition time (rise time, tg or fall time, tg), 2.8 ns
measured between 20% and 80% of PAD voltage,
maximum at maximum load)
" Input high-level threshold 0.65 * vdds_dv_y® v
Vi Input low-level threshold 0.35 * vdds_dv_y® v
Vou Output high-level threshold (Ioy = -6 mA) 0.75 * vdds_dv_y® v
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Table 3-5. GPMC DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
VoL Output low-level threshold (o, = 6 MA) 0.25 * vdds_dv_y® v
Viys® | Input hysteresis voltage 135 mv
Signal in Mode 0: gpmc_wait0
(Bottom Ball: B26)
CLoap | Load capacitance SC[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] = 10 7 33
tor Output transition time (rise time, tg or fall | SC[1:0] = 00 1 15 ns
1 0, 0,
B et oo 1 9% [ SciL0] = 01
minimum load and maximum at the SC[1:0] =10 0.6 7
maximum load
1.2-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_gpmc vdds_dv_gpmc + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_gpmc \%
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = =4 mA) 0.75 * vdds_dv_gpmc \%
VoL Output low-level threshold (Ig. = 4 mA) 0.25 * vdds_dv_gpmc \%
1.8-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_gpmc vdds_dv_gpmc + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_gpmc \%
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = =4 mA) vdds_dv_gpmc — 0.45 \%
VoL Output low-level threshold (Ig. = 4 mA) 0.45 \%

Signal in Mode 0: gpmc_nwp
(Bottom Ball: C25)
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Table 3-5. GPMC DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT

Load capacitance | MB[1:0] = 11 LBO = 1 (Model) 20 25 pF
maximum frequency = 24 MHz
transmission line delay = 670 ps

MB[1:0] = 11 LBO = 1 (Model) 2 5
maximum frequency = 60 MHz
transmission line delay = 335 ps

MB[1:0] = 01 LBO = 0 (Mode2) 14 17
maximum frequency = 25 MHz
transmission line delay = 335 ps

MB[1:0] = 01 LBO = 0 (Mode2) 2 5
maximum frequency = 48 MHz
transmission line delay = 536 ps

MB[1:0] = 10 LBO = 1 (Mode3) 23 28
maximum frequency = 20 MHz
transmission line delay = 838 ps

MB[1:0] = 10 LBO = 1 (Mode3) 16 20
maximum frequency = 24 MHz
transmission line delay = 670 ps

MB[1:0] = 10 LBO = 0 (Mode4) 16 20
maximum frequency = 4 MHz
transmission line delay = 1675 ps

MB[1:0] = 10 LBO = 0 (Mode4) 2 5
maximum frequency = 25 MHz
transmission line delay = 670 ps

MB[1:0] = 10 LBO = 0 (Mode4) 5 7
maximum frequency = 25 MHz
transmission line delay = 670 ps

MB[1:0] = 10 LBO = 0 (Mode4) 2 11
maximum frequency = 25 MHz
transmission line delay = 536 ps

tor™ | Output transition | MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
time (rise time, tg | maximum frequency = 24 MHz
or fall time, tg) transmission line delay = 670 ps

measured between
MBJ[1:0] =11 LBO = 1 (Model) 4
10% to 90% of maximum frequency = 60 MHz

PAD. voltage, transmission line delay = 335 ps
maximum at the

maximum load MB[1:0] = 01 LBO = 0 (Mode2) 5.6
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 6.3
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 10.5M
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 12,5
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16.8M
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 10
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 12.2
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 8w
maximum frequency = 25 MHz
transmission line delay = 536 ps

4

CLoap
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Table 3-5. GPMC DC Electrical Characteristics (continued)

PARAMETER MIN | NoMm | MAX UNIT

1.2-V Mode

Vi Input high-level threshold 0.65 * vdds_dv_gpmc vdds_dv_gpmc + 0.3 \%

Vi Input low-level threshold -0.3 0.35 * vdds_dv_gpmc \%

Viys® | Input hysteresis voltage 135 mv

Vou Output high-level threshold (Ioy = 4 mA) 0.75 * vdds_dv_gpmc \%

VoL Output low-level threshold (Io. = 4 mA) 0.25 * vdds_dv_gpmc \%

1.8-V Mode

Vi Input high-level threshold 0.65 * vdds_dv_gpmc vdds_dv_gpmc + 0.3 \%

Vi Input low-level threshold -0.3 0.35 * vdds_dv_gpmc \%

Viys® | Input hysteresis voltage 150 mv

Vou Output high-level threshold (Ioy = 4 mA) vdds_dv_gpmc - 0.45 \%

VoL Output low-level threshold (Io. = 4 mA) 0.45 \%

(1) Output transition time measured between 20% to 80% of vdds_dv_gpmc.

(2) Invdds_dv_y, y can have the value gpmc, sdmmc1l, c2c depending on the pin or ball used. For more information of the power supply
name and the corresponding pin, ball, see the POWER [9] column of Table 2-1.

(3) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.

(4) Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.

(5) The following signals in Mode 0 gpmc_ad[15:0], gpmc_a[25:16], gpmc_ncs[7:0], gpmc_clk, gpmc_nadv_ale, gpmc_noe, gpmc_nwe,
gpmc_nbe0_cle, gpmc_nbel, and gpmc_wait[2:1] (bottom balls: C12 / D12 / C13/ D13/ C15 ,D15/A16 /B16/C16 /D16 /C17 /D17 /
C18/D18/C19/D19/B17/A18/B18/A19/B19/B20/A21/B21/C20/D20/B25/C21/D21/C22/B22/D25/B11/B12/
C23/D22/B23/ D23/ A24 | B24 | C24 | D24) are compliant with the JEDEC standard for the following parameters:

VoL = 0.2V and Vpoy = VDDS - 0.2 V when absolute value of Igy / I, = 100 pA.
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3.3.2 LPDDR2 DC Electrical Characteristics

Table 3-6 summarizes the LPDDR?2 dc electrical characteristics in multiplexing mode 0.

NOTE

For more information on the 10 cell configurations (i[2:0], sr[1:0], vref_tap[1:0]), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the

OMAP4430 TRM.

Table 3-6. LPDDR2 DC Electrical Characteristics

PARAMETER

| MIN

NOM

MAX |

UNIT

Signals in Mode 0O: Ipddr21_dq[31:0], Ipddr21_ca[9:0], Ipddr21_dm([3:0], Ipddr21_ncs[1:0], Ipddr21_cke[1:0], Ipddr22_dq[31:0],
Ipddr22_ca[9:0], Ipddr22_dm[9:0], Ipddr22_ncs[1:0], Ipddr22_cke[1:0]
(Top Balls: E29/ D28 / B27 /| A27 /| A26 / B26 / A25/ A24 / B19/ A19/ A18/ A17 / B17 / A13/A12 /B12/N28/N29/M29 /L28 /K28 /

K29/J29/H29/B8/A8/A7/B6/B5/A5/A4/B3/AJ27 | AH27 | AH26 / AH25 / AJ25 / AJ20 / AH20 / AH19 / AJ18 / AH17 / B22 | A21
[/ F28 / B11/ AH24 | AJ24 /| AH23 / AJ23 /L2 /M1 /N1/U2/V1/W2/W1/Y2/AE1/AF1/AGl/AG2/AJ3/AH4/AJ5/AH6/C2/D1
/E1/E2/F2/G1/H1/H2/AJ9/AJ10/AH10/AH11/AJ12/AJ13/AH13/AJ14/R29/T29/U29/V29 /| W28/ AC29 /| AD29 / AD28 /
AE28 / AF29 / AB1/AC2/L1/AH7 /Y28 /W29 /AA29/Y29)

" Input high-level threshold 0.5 * vddx_Ipddr2(" + vddx_Ipddr2(” + 0.2 Y,
0.13
Vi Input low-level threshold -0.2 0.5 * vddx_Ipddr2(" — \Y
0.13
Viys® | Input hysteresis voltage NA® mv
Cin Input capacitance 3 pF
Vou Output high-level threshold (Ioy = 0.1 mA) 0.9 * vddx_Ipddr2( Y,
VoL Output low-level threshold (I, = 0.1 mA) 0.1 * vddx_Ipddr2( Y,
Zo Output impedance i[2:0] = 000 (Drv5) 1.66 * Rrer Q
i[2:0] = 001 (Drv6) 1.33 * RRer
i[2:0] = 010 (Drv7) 1.14 * Rper
i[2:0] = 011 (Drv8) Rrer?
i[2:0] = 100 (Drv9) 0.88 * Ryer
i[2:0] = 101 (Drv10) 0.8 * RRer
i[2:0] = 110 (Drv11) 0.73 * Rper
i[2:0] = 111 (Drv12) 0.67 * RRer
tor Output transit_ion o sr[1:0] = 00 (Fastest) 250 ps
inlumnine (15211, | g1101-o1 Fastn
between 10% to 90% of sr[1:0] = 10 (Fast) 340
PAD voltage(®© sr[1:0] = 11 (Slow) 390
Maximum noise on the 10 sr[1:0] = 00 (Fastest) 215 mVpp
supply voltage®) sr[1:0] = 01 (Faster) 110
sr[1:0] = 10 (Fast) 108
sr[1:0] = 11 (Slow) 110
Signals in Mode 0O: Ipddr21_dqgs[3:0], Ipddr21_ndgs[3:0], Ipddr21_ck, Ipddr21_nck, lpddr22_dqs[3:0], Ipddr22_ndqgs[3:0], Ipddr22_ck,
I(%?)%%??QTSFAZS /B23/A20/B20/G28/G29/B10/A10/AJ21/AH21/AAl/AA2/ AD2/ AD1/K2/K1/AH8/AJ8/ AB28/ AB29)
Vswing | Input differential swing 0.26 vddx_Ipddr2(” + 0.4 Y,
(DC)
Vem Input common mode range 0.4 * vddx_Ipddr2(" 0.6 * vddx_Ipddr2(" \Y
Viys® | Input hysteresis voltage NAD mv
Cin Input capacitance 3 pF
Von Output high-level threshold (Igy = 0.1 mA) 0.9 * vddx_Ipddr2(" \Y
VoL Output low-level threshold (I, = 0.1 mA) 0.1 * vddx_Ipddr2() \Y
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Table 3-6. LPDDR2 DC Electrical Characteristics (continued)
PARAMETER MIN NOM MAX UNIT
Zo Output impedance i[2:0] = 000 (Drv5) 1.66 * Rrer Q
i[2:0] = 001 (Drv6) 1.33 * Rper
i[2:0] = 010 (Drv7) 1.14 * Rper
i[2:0] = 011 (Drv8) Rrer?
i[2:0] = 100 (Drv9) 0.88 * Rrer
i[2:0] = 101 (Drv10) 0.8 * Rrer
i[2:0] = 110 (Drv11) 0.73 * Rper
i[2:0] = 111 (Drv12) 0.67 * Rrer
tor Output transition sr[1:0] = 00 (Fastest) 250 ps
time/turn-on time (rise time, Al —
tg or fall time, tg) measured S[1:0] = 01 (Faster) 315
between 100/(03 )t(%(%)O% of sr[1:0] = 10 (Fast) 340
PAD voltage St1:0] = 11 (Slow) 390
Maximum noise on the 10 sr[1:0] = 00 (Fastest) 215 mVpp
supply voltage®*) sr[1:0] = 01 (Faster) 110
sr[1:0] = 10 (Fast) 108
sr[1:0] = 11 (Slow) 110
Signals in Mode 0: Ipddr21_vref_ca, Ipddr21_vref_dq, Ipddr22_vref_ca, Ipddr22_vref_dq
(Top Balls: AH16 / B15/U28 / R2)
VRer Reference generation dc vref_tap[1:0] = 00 0.495 * 0.500 * 0.505 * \Y
voltage level (Mint_2ua mode) vddy_vref_Ipddr2® vddy vref | vddy vref Ipddr2®
Ipddr2(®
vref_tap[1:0] = 01 0.492 * 0.500 * 0.508 *
(Mint_4ua mode) vddy_vref_Ipddr2® vddy vref_ | vddy vref Ipddr2®
Ipddr2(®
vref_tap[1:0] = 10 0.490 * 0.500 * 0.510 *
(Mint_6ua mode) vddy_vref_Ipddr2® vddy vref | vddy vref Ipddr2®
Ipddr2(®
vref_tap[1:0] = 11 0.490 * 0.500 * 0.510 *
(Mint_8ua mode) vddy_vref_Ipddr2®) vddy vref_ | vddy vref Ipddr2®
Ipddr2(®

M
@

(©)

4)

®)
(6)

@)
®)

This buffer is designed for high-speed application. In high-speed mode, it is fast enough to avoid any noise on the signal during
transition and then hysteresis is not required.

Rrer (reference output impedance) is considered to be the production trimming setting for Drv8 mode, with Rgrer = 50 Q, which
corresponds to Zg = 50 Q (Ioyt = 8 mA). For a full description of the output impedance setting, see the the Control Module / Control
Module Functional Description / Functional Register Description / Signal Integrity Parameter Control Registers With Pad Group
Assignment section of the OMAP4430 TRM.

To achieve optimal noise/speed trade off, the slew rate (turn-on time) of the output signal can be programmed using the slew rate
control bits sr[1:0]. Please note that the control bits sr[1:0] do not affect the driver DC drive-strength. They only control the driver turn-on
time. It is to be noted that turn-on time and maximum supply noise are the parameter defined to help user make relative comparison and
correlate the driver operation at different turn-on time settings.

Output transition time/turn-on time for Drv8 setting, i[2:0] = 011. For a full description of this setting, see the Control Module / Control
Module Functional Description / Functional Register Description / Signal Integrity Parameter Control Registers With Pad Group
Assignment section of the OMAP4430 TRM.

Maximum noise (peak-peak) on the |0 supply voltage for Drv8 setting, i[2:0] = 011.

The measurement setup (see Figure 3-1 and Figure 3-2) is not intended as a precise representation of any particular system
environment or a depiction of the actual load presented. Maximum output supply noise (see Figure 3-2, L*di/dt) on the 10 supply is
measured with 1 nH of inductance on the 10 supply.

vddx_Ipddr2 can have the value vddq_lpddr2, vddca_lpddr21, vddca_lpddr22 depending on the ball used. For more information of the
power supply name and the corresponding pin, ball, see the POWER [9] column of Table 2-1.

vddy_vref_Ipddr2 can have the value vddca_vref_Ipddr21, vddca_lpddr22, vddqg_vref_lpddr21, vddq_vref_Ipddr22 depending on the ball
used. For more information of the power supply name and the corresponding pin, ball, see the POWER [9] column of Table 2-1.
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Figure 3-2. Output Supply Noise Measurement Setup®®

(1) Maximum supply noise = VDDS — minimum (VDDS_L — VSSS L)
(2) 1 nH is used for a typical package inductance on the supplies.
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3.3.3 Camera DC Electrical Characteristics

Table 3-7 and Table 3-8 summarize the camera dc electrical characteristics in multiplexing mode 0.

Table 3-7. Camera CSI2 DC Electrical Characteristics

PARAMETER | MIN L Tve | MAX | uNIT

Signals in Mode 0: csi21_dx[4:0], csi21_dy[4:0], csi22_dx[1:0], csi22_dy[1:0]
(Bottom Balls: R26 / R25/T26 / T25/U26 / U25/ V26 / V25 / W26 / W25 / M26 / M25 / N26 / N25)
GPI Mode®®)
Viy High-level input voltage 0.65 * vdda_y? vdda_y9 + 0.3 Y
V)L Low-level input voltage -0.3 0.35 * vdda_y? Y,
Vigyst Hysteresis voltage at an input 0.15 v
Cin Input capacitance 2.0 pF
trn®2 Input transition time (tgy Or tgn evaluated between 10% 10 ns

and 90% at PAD)
MIPI D-PHY Mode Low-Power Receiver (LP-RX)
\m Input high-level voltage 880 1350 mV
Vi Input low-level voltage 550 mV
Vi Input high-level threshold 880 mv
Vi @ Input low-level threshold 550 mv
Viys® Input hysteresis 25 mv
Cin Input capacitance 2.0 pF
MIPI D-PHY Mode Ultralow-Power Receiver (ULP-RX)
Vi Input high-level voltage 880 mV
Vi Input low-level voltage 300 mV
Vi Input high-level threshold 880 mv
Vi @ Input low-level threshold 300 mv
Viys® Input hysteresis 25 mv
Cin Input capacitance 2.0 pF
MIPI D-PHY Mode High-Speed Receiver (HS-RX)
VpTH Differential input high-level threshold 70 mV
VipTL Differential input low-level threshold -70 mV
Viomax!” Maximum differential input voltage 270 mv
Vigus® Single-ended input high voltage 460 mv
Vi ns® Single-ended input low voltage —40 mv
Vemrxoc™®© | Differential input common-mode voltage 70 330 mv
Zp Differential input impedance 80 100 125 Q
Cin Input capacitance 2.0 pF
CCP2 Mode (only on CSI2B)
Vem Common mode input voltage range® 0.6 0.9 1.2 Y
Vos Receiver input dc offset -20 20 mV
Vip Receiver input differential amplitude 140 200 400 mVpp
AVp/Vip Amplitude mismatch between lane modules -10% 10%
AVEMRX Common mode mismatch between lane modules(® -100 100 mv
AVemn Common mode noise ripple® -15 15 mv
Zp Differential input impedance 80 100 120 Q
Cin Input capacitance 2.0 pF
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(1) Vit is the voltage at which the receiver is required to detect a high state in the input signal.

(2) V1L is the voltage at which the receiver is required to detect a low state in the input signal. V1 is larger than the maximum single-ended

line high voltage during HS transmission. Therefore, both LP receivers will detect low during HS signaling.
(3) To reduce noise sensitivity on the received signal, the LP receiver is required to incorporate a hysteresis, Vyyst.

(4) VL is the voltage at which the receiver is required to detect a low state in the input signal. Specification is relaxed for detecting O during

Ultralow-Power (ULP) state. The LP receiver is not required to detect HS single-ended voltage as 0 in this state.
(5) Excluding possible additional RF interference of 200 mVpp beyond 450 MHz.

(6) This value includes a ground difference of 50 mV between the transmitter and the receiver, the static common-mode level tolerance and

variations below 450 MHz.
(7) This number is the transmitter Vopumax-
(8) Common mode is defined as the average voltage level of DX and DY: Vcy = (Vpx + Voy)/2.
(9) Common mode ripple may be due to rise-fall time and transmission line impairments in the PCB.

(10) In vdda_y, y can have the value csi21 or csi22 depending on the ball used. For more information of the power supply name and the
corresponding pin, ball, see the POWER [9] column of Table 2-1.

(11) Vnys is the magnitude of the difference between the positive-going threshold voltage V. and the negative-going threshold voltage Vr_.

(12) The try (trin @nd tgy also) value is the recommended condition. The try (triny @nd tgy also) mismatch causes additional delay time
inside the device then leads to ac timing invalidation in this DM. The tyy (trin @nd tgy @lso) mismatch does not necessarily mean
functional failure. This global value may be overridden on a per basis if another value is explicitly defined for that in the Timing
Requirements and Switching Characteristics Chapter of the data manual.

(13) The GPI mode is only available through multiplexing mode 3.

NOTE
For more information on the 10 cell configurations (SC[1:0]), see the Control Module /
Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

Table 3-8. Camera Control DC Electrical Characteristics

PARAMETER | MIN | Nowm MAX UNIT
Signals in Mode 0: cam_shutter, cam_strobe, cam_globalreset
(Bottom Balls : T27 / U27 / V27)
CLoaD Load capacitance SCJ[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] = 10 7 33
tor Output transition time (rise time, tg or | SC[1:0] = 00 1 15 ns
i 0,
e ) measuredbetween 100 sop101- 01
the minimum load and maximum at SC[1:0] =10 0.6
the maximum load
1.2-V Mode
ViH Input high-level threshold 0.65 * vdds_dv_cam vdds_dv_cam + 0.3 \%
VL Input low-level threshold -0.3 0.35 * vdds_dv_cam \%
Viys® Input hysteresis voltage 135 mv
VoH Output high-level threshold (Ioy = —4 mA) 0.75 * vdds_dv_cam \Y,
VoL Output low-level threshold (I, = 4 mA) 0.25 * vdds_dv_cam \Y,
1.8-V Mode
ViH Input high-level threshold 0.65 * vdds_dv_cam vdds_dv_cam + 0.3 \%
VL Input low-level threshold -0.3 0.35 * vdds_dv_cam \%
Viys® Input hysteresis voltage 150 mv
VoH Output high-level threshold (Ioy = —4 mA) vdds_dv_cam — 0.45 \Y,
VoL Output low-level threshold (I, = 4 mA) 0.45 \Y,
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(1) Vhys is the magnitude of the difference between the positive-going threshold voltage V1, and the negative-going threshold voltage V+_.

3.3.4 Display DC Electrical Characteristics

Table 3-9 summarizes the display dc electrical characteristics in multiplexing mode 0.

NOTE

For more information on HDMI, please contact your TI representative.

Table 3-9. Display DSI1 DC Electrical Characteristics

PARAMETER | MmN | NOMm MAX UNIT

Signals in Mode 0: dsil_dx[4:0], dsil_dy[4:0], dsi2_dx[2:0], dsi2_dy[2:0]
(Bottom Balls: P3/P4/N3/N4/M3/M4/L3/L4/K3/KA/T3/T4/U3/U4/V3/VA4)
MIPI D-PHY—High-Speed Transmitter (HS-TX) mode
[Vopl® High-speed transmit differential voltage 140 200 270 mv
Vemrx® High-speed transmit static common mode voltage 150 200 250 mV
|AVop| Vop mismatch when output is differential-1 or differential-O 10 mV
[AVemrxw,o)l | Vemtx mismatch when output is differential-1 or differential-0 5 mV
Vorns™ High-speed output high voltage 360 mv
Zos Single-ended output impedance 40 50 62.5 Q
AZgs Single-ended output impedance mismatch 10%
AVemTx(Hr) Common-level variation above 450 MHz 15 mMVgrms
AVemTx(r) Common-level variation between 50 MHz and 450 MHz -50 50 MVpeak
trouT Qutput transition time (tgouT Or trouT €valuated between 0.15 ns

20% and 80% of PAD voltage) 0.3 ul
MIPI D-PHY—Low-Power Transmitter (LP-TX) mode
VoL Thevenin output low level -50 50 mV
Vou Thevenin output high level 1.1 1.2 1.3 \%
ZoLp Output impedance of LP transmitter 110 Q
trouT Qutput transition time (tgouT Or trouT €valuated between 25 ns

20% and 80% of PAD voltage)
MIPI D-PHY—Low-Power Receiver (LP-RX) Mode
Vi Input high-level voltage 880 mV
Vi Input low-level voltage 550 mV
Vir® Input high-level threshold 880 mv
v ® Input low-level threshold 550 mv
Viys® Input hysteresis 25 mv
MIPI D-PHY Mode Ultralow-Power Receiver (ULP-RX)
Vi Input high-level voltage 880 mV
Vi Input low-level voltage 300 mV
Vir® Input high-level threshold 880 mv
v ® Input low-level threshold 300 mv
Viys® Input hysteresis 25 mv
MIPI D-PHY Mode Low Power Contention Detector (LPCD)
Viuco High-level input voltage 450 mV
V\L.cp Low-level input voltage 200 mV

136 Electrical Characteristics

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Copyright © 2010-2012, Texas Instruments Incorporated


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

13 TEXAS
INSTRUMENTS

www.ti.com

Public Version

OMAP4430

SWPS041D —DECEMBER 2010-REVISED JANUARY 2012

(1) Value when driving into differential load impedance anywhere in the range of 80 to 125 Q. See Chapter 8 of the MIPI D-PHY standard
v1.0 for complete specification on the electrical characteristics. The PCB interconnect must be 50-Q transmission line on DSI
dsil_dx[4;0], DSI dsil_dy[4;0] and DSI dsi2_dx[2;0], DSI dsi2_dy[2;0]. These lines must be well matched. See Chapter 7 of the MIPI

D-PHY standard v1.0 for complete specification of the Interconnect.
(2) Vit is the voltage at which the receiver is required to detect a high state in the input signal.

(3) V1L is the voltage at which the receiver is required to detect a low state in the input signal. V, is larger than the maximum single-ended
line high voltage during HS transmission. Therefore, both low-power receivers will detect low during high-speed signaling.

(4) Vnys is the magnitude of the difference between the positive-going threshold voltage V1, and the negative-going threshold voltage V+_.
Hysteresis feature is added on the low-power received signal to reduce noise sensitivity.

(5) V1L is the voltage at which the receiver is required to detect a low state in the input signal. Specification is relaxed for detecting O during
Ultralow-Power (ULP) state. The low-power receiver is not required to detect high-speed, single-ended voltage as 0 in this state.

3.3.5 HDQ/1-Wire DC Electrical Characteristics

Table 3-10 summarizes the HDQ/1-Wire dc electrical characteristics in multiplexing mode O.

NOTE

For more information on the IO cell configurations (SC[1:0]), see the Control Module /
Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

Table 3-10. HDQ/1-Wire DC Electrical Characteristics

PARAMETER | MIN | NOM | MAX UNIT
Signal in Mode 0: hdg_sio
(Bottom Ball: AA29)
Cioap |Load capacitance SC[1:0] = 00 4 60 pF
SC[1:0] = 01 2 21
SC[1:0] = 10 7 33
tor Output transition time (rise time, tg or fall SC[1:0] = 00 1 15 ns
i 0, 0,
e ) measured between 10% 10 0% 1 S0 o1
and maximum at the maximum load SC[1:0] = 10 0.6
1.8-V Mode
Vin Input high-level threshold 0.65 * vdds_1p8v vdds_1p8v + 0.3 \Y
VL Input low-level threshold -0.3 0.35 * vdds_1p8v \Y
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = —4 mA) vdds_1p8v — 0.45 \%
VoL Output low-level threshold (Io. = 4 mA) 0.45 \%

(1) Vnys is the magnitude of the difference between the positive-going threshold voltage Vt. and the negative-going threshold voltage Vr_.
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3.3.6

Table 3-11 summarizes the I°C dc electrical characteristics in multiplexing mode 0.

I°C DC Electrical Characteristics

NOTE

For more information on the 10 cell configurations (LBO[1:0]), see the Control Module /
Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

Table 3-11. I2C DC Electrical Characteristics

PARAMETER \ MIN | NOM MAX UNIT
Signals in Mode 0: i2c[4:1]_scl, i2c[4:1]_sda, sr_scl, sr_sda
(Bottom Balls: AE28 / AE26 / C26 / D26 / W27 | Y27 | AG21 | AH22 | AG9 / AF9)
I°C Standard Mode—1.2-V Mode and 1.8-V Mode
" Input high-level threshold 0.7 * vdds_dv_y® vdds_dv_y® + 0.5 Y,
V)L Input low-level threshold -0.5 0.3 * vdds_dv_y® \Y
I Input current at each 1/O pin with an input -10 10 HA
voltage between 0.1 * vdds_dv_y@ to 0.9
* vdds_dv_y®@
C Input capacitance 10 pF
VoLs Output low-level threshold open-drain at NA® NA® \Y
3-mA sink current
tor Output fall time from V|ymin t0 V| max With 250 ns
a bus capacitance Cy, from 5 pF to 400
pF
tor Output rise time from V| max t0 Viymin With 20 + 0.1*Cy, 250 ns
a capacitive load from 5 pF to 150 pF
with internal pullup enabled
I°C Fast Mode—1.2-V Mode and 1.8-V Mode
" Input high-level threshold 0.7 * vdds_dv_y®@ vdds_dv_y@ + 0.5 v
Vi Input low-level threshold -05 0.3 * vdds_dv_y®@ v
I Input current at each I/O pin with an input -10 10 HA
voltage between 0.1 * vdds_dv_y® to 0.9
* vdds_dv_y®@
C Input capacitance 10 pF
Vois | Output low-level threshold open-drain at 0 0.2 * vdds_dv_y®@ v
3-mA sink current
tor Output fall time from V|ymin t0 V| max With 20 + 0.1*Cy, 250 ns
a bus capacitance Cy, from 5 pF to 400
pF
tor Qutput rise time from V| max t0 Viimin With 20 + 0.1*Cy, 250 ns
a capacitive load from 5 pF to 150 pF
with internal pullup enabled
Rinpu Internal pullup LB[1:0] = 00 3.42 4.5 (for a load in the 6.8 kQ
resistance for a given range of 5 pF to 15 pF)
load range LB[L:0] = 01 16 2.1 (for a load in the 3.17
range of 15 pF to 50 pF)
LB[1:0] =10 0.65 0.86 (for a load in the 1.3
range of 50 pF to 150 pF)
LB[1:0] = 11 NA NA NA
I°C High-Speed Mode—1.2-V Mode and 1.8-V Mode
" Input high-level threshold 0.7 * vdds_dv_y®@ vdds_dv_y@ + 0.5 v
Vi Input low-level threshold -05 0.3 * vdds_dv_y®@ v
I Input current at each I/O pin with an input -10 10 HA
voltage between 0.1 * vdds_dv_y® to 0.9
* vdds_dv_y®@
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Table 3-11. I°C DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
C Input capacitance 10 pF
Vois | Output low-level threshold open-drain at 0 0.2 * vdds_dv_y®@ v
3-mA sink current
tor Output fall time from Vymin t0 V) max With 10 40 ns
a capacitive load from 5 pF to 100 pF at
3-mA sink current
Output fall time from Vymin t0 V) max With 20 80 ns
a capacitive load of 400 pF at 3-mA sink
current
tor Qutput rise time from V| max t0 Viamin With 10 40 ns
a capacitive load from 5 pF to 80 pF with
internal pullup enabled
RinpU Internal pullup LB[1:0] = 00 1.26 1.66 (for a load in the 2.5 kQ
resistance for a given range of 5 pF to 12 pF)
load range LB[L:0] = 01 0.7 0.92 (for a load in the 1.39
range of 12 pF to 25 pF)
LB[1:0] = 10 0.38 0.5 (for a load in the 0.75
range of 25 pF to 50 pF)
LB[1:0] =11 0.23 0.3 (for a load in the 0.45
range of 50 pF to 80 pF)
Non-I’C Mode (Standard LVCMOS mode)
1.2-V Mode
" Input high-level threshold 0.7 * vdds_dv_y® vdds_dv_y® + 0.5 Y,
V)L Input low-level threshold -0.5 0.3 * vdds_dv_y® \Y
I Input current at each 1/O pin with an input -10 10 HA
voltage between 0.1 * vdds_dv_y@ to 0.9
* vdds_dv_y®@
C Input capacitance 10 pF
Von Output high-level threshold at 4-mA sink 0.75 * vdds_dv_y® \Y
current (lo. = 4 mA)
VoL Output low-level threshold at 4-mA sink 0.25 * vdds_dv_y®@ v
current (lo. =4 mA)
tor Qutput transition time (rise time, tg or fall 10 ns
time, tg) at 40 pF load, measured
between 10% to 90% PAD voltage
1.8-V Mode
" Input high-level threshold 0.7 * vdds_dv_y® vdds_dv_y® + 0.5 Y,
V)L Input low-level threshold -0.5 0.3 * vdds_dv_y® \Y
I Input current at each 1/O pin with an input -10 10 HA
voltage between 0.1 * vdds_dv_y@ to 0.9
* vdds_dv_y®@
C Input capacitance 10 pF
Von Output high-level threshold at 4-mA sink vdds_dv_y® - 0.45 \Y
current (lo. = 4 mA)
VoL Output low-level threshold at 4-mA sink 0.45 \%
current (lo. =4 mA)
tor Qutput transition time (rise time, tg or fall 10 ns
time, tg) at 40 pF load, measured
between 10% to 90% of PAD voltage

(1) VoL specification is not applicable in the Standard mode.

(2) Invdds_dv_y, y can have the value: bank2, bank5, 1p8v, cam depending on the ball used. For more information on a ball and the
corresponding power, see Table 2-1, POWER [9] column.
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3.3.7 Audio McBSP / PDM / DMIC DC Electrical Characteristics

Table 3-12 summarizes the audio McBSP / PDM / DMIC dc electrical characteristics in multiplexing mode

0.

For more information on the 10 cell configurations (MB[1:0] and LBO, SC[1:0]), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the
OMAP4430 TRM.

Table 3-12. Audio McBSP / PDM / DMIC DC Electrical Characteristics

PARAMETER

MIN

| NoM | MAX

| uNiT

abe_dmic_din[3:1]

Signals in Mode 0: abe_mcbsp2_clkx, abe_mcbsp2_dr, abe_mchsp2_dx, abe_mcbsp2_fsx, abe_mcbspl_clkx, abe_mcbspl_dr,
abe_mcbspl_dx, abe_mcbspl_fsx, abe_pdm_ul_data, abe_pdm_dI_data, abe_pdm_frame, abe_pdm_Ib_clk, abe_dmic_clk1,

(Bottom Balls: AD27 / AD26 / AD25 / AC28 / AC26 | AC25 | AB25 | AC27 | AG25 | AF25 | AE25 | AF26 | AE24 | AF24 | AG24 | AH24) ©)

CLoap™ | Load capacitance

MBI[1:0] = 11 LBO = 1 (Model)
maximum frequency = 24 MHz
transmission line delay = 670 ps

20

25

pF

MBI[1:0] = 11 LBO = 1 (Model)
maximum frequency = 60 MHz
transmission line delay = 335 ps

MBJ[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 25 MHz
transmission line delay = 335 ps

14

17

MBJ[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 48 MHz
transmission line delay = 536 ps

MBJ[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 20 MHz
transmission line delay = 838 ps

23

28

MBJ[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 24 MHz
transmission line delay = 670 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 4 MHz
transmission line delay = 1675 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 536 ps

11
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Table 3-12. Audio McBSP / PDM / DMIC DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
tor™ | Output transition time | MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
(rise time, tg or fall maximum frequency = 24 MHz
time, tg) measured transmission line delay = 670 ps
petueen 10% 10 90% of f mB[1:0] = 11 LBO = 1 (Mode1) 4
m 'r\rllon?get}’m e'm m maximum frequency = 60 MHz
IOZE;' um at maximu transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 5.6
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 6.3
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 10.5W
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 12.5
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16.8M
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 10
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 12.2
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 8w
maximum frequency = 25 MHz
transmission line delay = 536 ps
1.2-V Mode
" Input high-level threshold 0.65 * vdds_dv_y®@ vdds_dv_y@ + 0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y®@ v
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = 4 MA) 0.75 * vdds_dv_y® v
VoL Output low-level threshold (o, = 4 MA) 0.25 * vdds_dv_y® v
1.8-V Mode
" Input high-level threshold 0.65 * vdds_dv_y®@ vdds_dv_y@ + 0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y® v
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = 4 MA) vdds_dv_y®@ —0.45 v
VoL Output low-level threshold (o, = 4 mA) 0.45 \%
Signal in Mode 0: abe_clks
(Bottom Ball: AH26)®)
CLoap | Load capacitance SC[1:0] = 00 4 60 pF
SC[1:.0] =01 2 21
SC[1:0] = 10 7 33
tor QOutput transition time (rise time, tg or fall SC[1:0] = 00 1 15 ns
time, tg) measured between 10% to 90% of Al —
PAD voltage, minimum at the minimum load SC[1:0] = 01 04 5
and maximum at the maximum load SC[1:0] =10 0.6
1.2-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_bank2 vdds_dv_bank2 + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank2 \%
Viys® | Input hysteresis voltage 135 mv
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Table 3-12. Audio McBSP / PDM / DMIC DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT

Vou Output high-level threshold (Iopy = —4 mA) 0.75 * vdds_dv_bank2 \%

VoL Output low-level threshold (Io. = 4 mA) 0.25 * vdds_dv_bank2 \%

1.8-V Mode

Vi Input high-level threshold 0.65 * vdds_dv_bank2 vdds_dv_bank2 + 0.3 \%

Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank2 \%

Viys® | Input hysteresis voltage 150 mv

HYS put ny: )

Vou Output high-level threshold (Iopy = —4 mA) vdds_dv_bank2 — 0.45 \%

VoL Output low-level threshold (Io. = 4 mA) 0.45 \%

(1) Output transition time measured between 20% to 80% of PAD voltage.

(2) Invdds_dv_y, y can have the value: bankl or bank2 depending on the ball used. For more information on a ball and the corresponding
power, see Table 2-1, POWER [9] column.

(3) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.

(4) Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.

(5) The following signals abe_mcbsp2_clkx, abe_mcbsp2_dr, abe_mcbsp2_dx, abe_mcbsp2_fsx, abe_mcbspl_clkx, abe_mcbspl_dr,
abe_mcbspl_dx, abe_mcbspl_fsx, abe_pdm_ul_data, abe_pdm_dl_data, abe_pdm_frame, abe_pdm_lb_clk, abe_dmic_clk1,
abe_dmic_din[3:1], abe_clks (bottom balls: AD27 / AD26 / AD25 / AC28 /| AC26 / AC25 / AB25 /| AC27 | AG25 /| AF25 | AE25 | AF26 /
AE24 | AF24 | AG24 | AH24 | AH26) are compliant with the JEDEC standard for the following parameters:

VoL = 0.2V and Vpoy = VDDS - 0.2 V when absolute value of Igy / I = 100 pA.
3.3.8 McSPI DC Electrical Characteristics

Table 3-13 summarizes the McSPI dc electrical characteristics in multiplexing mode 0.

NOTE
For more information on the 10 cell configurations (MB[1:0] and LBO, SC[1:0]), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the
OMAP4430 TRM.

Table 3-13. McSPI DC Electrical Characteristics

PARAMETER \ MIN | NOM | MAX UNIT

Signals in Mode 0: mcspil_clk, mcspil_somi, mecspil_simo, mcspil_cs[1:0]
(Bottom Balls: AF22 / AE22 | AG22 | AE23 / AF23)

CLoaD Load capacitance SC[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] = 10 7 33
tor Output transition time (rise time, tg or fall | SC[1:0] = 00 1 15 ns
il 0, 0,
L) messured betueer v 0 90% | sciv) = o1
minimum load and maximum at the SC[1:0] =10 0.6
maximum load
1.2-V Mode
\m Input high-level threshold 0.65 * vdds_dv_bank3 vdds_dv_bank3 + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank3 \%
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = —4 mA) 0.75 * vdds_dv_bank3 \%
VoL Output low-level threshold (I, = 4 mA) 0.25 * vdds_dv_bank3 \%
1.8-V Mode
\m Input high-level threshold 0.65 * vdds_dv_bank3 vdds_dv_bank3 + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank3 \%
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Table 3-13. McSPI DC Electrical Characteristics (continued)

PARAMETER

MIN

NOM

MAX

UNIT

Viys®

Input hysteresis voltage

150

mV

Von

Output high-level threshold (Ioy = —4 mA)

vdds_dv_bank3 — 0.45

VoL

Output low-level threshold (Io. = 4 mA)

0.45

Signals in

Mode 0: mcspil_cs[3:2], mcspi4_clk, mcspi4_simo, mcspid_somi, mcspi4_csO

(Bottom Balls: AG23 / AH23 / AE21 /| AF20 / AF21 /| AE20)

Croan™

Load capacitance

MBI[1:0] = 11 LBO = 1 (Model)
maximum frequency = 24 MHz
transmission line delay = 670 ps

20

25

MB[1:0] = 11 LBO = 1 (Model)
maximum frequency = 60 MHz
transmission line delay = 335 ps

MBI[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 25 MHz
transmission line delay = 335 ps

14

17

MBJ[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 48 MHz
transmission line delay = 536 ps

MBJ[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 20 MHz
transmission line delay = 838 ps

23

28

MBI[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 24 MHz
transmission line delay = 670 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 4 MHz
transmission line delay = 1675 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 536 ps

11

pF
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Table 3-13. McSPI DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
tor™® Output transition time | MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
(rise time, tg or fall maximum frequency = 24 MHz
time, tg) measured transmission line delay = 670 ps
petween 10% 10 90% | MB[1.0] = 11 LBO = 1 (Mode1) 4
?n i \r/r? ?gtll‘?' e maximum frequency = 60 MHz
aximum at the transmission line delay = 335 ps
maximum load
MB[1:0] = 01 LBO = 0 (Mode2) 5.6
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 6.3
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 10.5W
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 125
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16.81
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 10
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 12.2
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 8w
maximum frequency = 25 MHz
transmission line delay = 536 ps
1.2-V Mode
" Input high-level threshold 0.65 * vdds_dv_y®@ vdds_dv_y®@ +0.3 Y%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y®@ \Y
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = 4 mA) 0.75 * vdds_dv_y®@ \Y
VoL Output low-level threshold (o, = 4 mA) 0.25 * vdds_dv_y® Y%
1.8-V Mode
" Input high-level threshold 0.65 * vdds_dv_y®@ vdds_dv_y®@ +0.3 \Y
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y®@ Y%
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = 4 MA) vdds_dv_y® - 0.45 Y%
VoL Output low-level threshold (Io. = 4 mA) 0.45 \%

(1) Output transition time measured between 20% to 80% of PAD voltage.

(2) Invdds_dv_y, y can have the value: bank3 or bank5 depending on the ball used. For more information on a ball and the corresponding
power, see Table 2-1, POWER [9] column.

(3) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.

(4) Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.
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3.3.9 UART DC Electrical Characteristics

Table 3-14 summarizes the UART dc electrical characteristics in multiplexing mode 0.

NOTE
For more information on the 10 cell configurations (MB[1:0] and LBO, SC[1:0]), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the
OMAP4430 TRM.

Table 3-14. UART DC Electrical Characteristics

PARAMETER MIN | NoM | MAX UNIT
Signals in Mode O: uart3_cts_rctx, uart3_rts_sd, uart3_rx_irrx, uart3_tx_irtx
(Bottom Balls: F27 / F28 | G27 | G28)
CLoap | Load capacitance SC[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] =10 7 33
tor Output transition time (rise time, tg or | SC[1:0] = 00 1 15 ns
i 0,
e msasived beueer 10% | sciuo) - o1
the minimum load and maximum at SC[1:0] = 10 0.6
the maximum load
1.8-V Mode
Vin Input high-level threshold 0.65 * vdds_1p8v vdds_1p8v + 0.3 \Y
VL Input low-level threshold -0.3 0.35 * vdds_1p8v \Y
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = —4 mA) vdds_1p8v — 0.45 \%
VoL Output low-level threshold (Io. = 4 mA) 0.45 \%
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Table 3-14. UART DC Electrical Characteristics (continued)

PARAMETER

] MIN

| NOM | MAX UNIT

Signals in Mode 0: uart2_cts, uart2_rts, uart2_rx, uart2_tx, uart4_rx, uart4_tx

(Bottom Balls: AB26 / AB27 /| AA25 | AA26 | AG20 / AH19)

CLoap

)| Load capacitance

MBI[1:0] = 11 LBO = 1 (Model)
maximum frequency = 24 MHz
transmission line delay = 670 ps

20

25

MB[1:0] = 11 LBO = 1 (Model)
maximum frequency = 60 MHz
transmission line delay = 335 ps

MBJ[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 25 MHz
transmission line delay = 335 ps

14

17

MBJ[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 48 MHz
transmission line delay = 536 ps

MBI[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 20 MHz
transmission line delay = 838 ps

23

28

MBI[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 24 MHz
transmission line delay = 670 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 4 MHz
transmission line delay = 1675 ps

16

20

MBI[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 536 ps

11

pF
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Table 3-14. UART DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
tor™ | Output transition time | MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
(rise time, tg or fall maximum frequency = 24 MHz
time, tg) measured transmission line delay = 670 ps
petueen 10% 10 90% of f mB[1:0] = 11 LBO = 1 (Mode1) 4
m 'r\T/IOrT?g?’th € maximum frequency = 60 MHz
aximum at the transmission line delay = 335 ps
maximum load
MB[1:0] = 01 LBO = 0 (Mode2) 5.6
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 6.3
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 10.5W
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 12.5
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16.8M
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 10
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 12.2
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 8w
maximum frequency = 25 MHz
transmission line delay = 536 ps
1.2-V Mode
" Input high-level threshold 0.65 * vdds_dv_y®@ vdds_dv_y@ + 0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y®@ v
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = 2 mA)®© 0.75 * vdds_dv_y® v
VoL Output low-level threshold (o, = 2 mA)®) 0.25 * vdds_dv_y® v
1.8-V Mode
" Input high-level threshold 0.65 * vdds_dv_y®@ vdds_dv_y@ + 0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y® v
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = 2 mA)®© vdds_dv_y® —0.450) v
VoL Output low-level threshold (o, = 2 mA)®) 0.45®) v

(1) Output transition time measured between 20% to 80% of PAD voltage.

(2) Invdds_dv_y, y can have the value: bank1 or bank5 depending on the ball used. For more information on a ball and the corresponding
power, see Table 2-1, POWER [9] column.

(3) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.

(4) Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.

(5) For uart4_rx ball (AG20) and uart4_tx ball (AH19):
Von =vdds_dv_y — 0.3V and Vg, = 0.3V for Iopy =1 mA
Von =vdds_dv_y — 0.2 V and Vg = 0.2 V for Ig. = 250 pA

(6) This IO buffer supports up to 4 mA of drive strength. For this drive strength, the Vg, /Von described in the table above are not assured.
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3.3.10 USB DC Electrical Characteristics

Table 3-15 summarizes the USB dc electrical characteristics in multiplexing mode O.

For more

information on the

10 cell

NOTE

configurations (DSO, MBJ1:0],

i[2:0], sr[1:0],

SPEEDCTRL), see the Control Module / Control Module Functional Description / Functional
Register Description / Signal Integrity Parameter Control Registers With Pad Group
Assignment section of the OMAP4430 TRM.

Table 3-15. USB DC Electrical Characteristics

PARAMETER MIN NOM MAX UNIT
Signals in Mode 0: usbbl_ulpitll_clk, usbb2_ulpitll_clk
(Bottom Balls: AE18 / AG12)
CLoap |Load capacitance | DSO =0 (Mode2) 5 35 pF
maximum frequency = 20 MHz
transmission line delay = 1340 ps
DS0 = 0 (Mode2) 2 5
maximum frequency = 48 MHz
transmission line delay = 670 ps
DS0 = 0 (Mode2) 2 5
maximum frequency = 60 MHz
transmission line delay = 335 ps
DS0 = 0 (Mode2) 2 5
maximum frequency = 75 MHz
transmission line delay = 402 ps
DS0 =1 (Mode1l) 2 5
maximum frequency = 100 MHz
transmission line delay = 203 ps
tor Output transition | DSO = 0 (Mode2) 150 ns
time (rise time, tg maximum frequency = 20 MHz
or fall time, tg), the | transmission line delay = 1340 ps
T aq” |PS0=0 (a2
maximum frequency = 48 MHz
transmission line delay = 670 ps
DSO = 0 (Mode2) 3@
maximum frequency = 60 MHz
transmission line delay = 335 ps
DSO0 = 0 (Mode2) 40)
maximum frequency = 75 MHz
transmission line delay = 402 ps
DSO = 1 (Model) 20
maximum frequency = 100 MHz
transmission line delay = 203 ps
1.2-V Mode
" Input high-level threshold 0.65 * vdds_dv_y©® vdds_dv_y® +0.3 Y
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y® v
Viys®™ | Input hysteresis voltage 60 mv
Vou Output high-level threshold (I = 4 mA for 50Q mode, | 0.75 * vdds_dv_y® v
lon = 8 mA for 25Q mode)
VoL Output low-level threshold (I, = 4 mA for 50Q mode, 0.25 * vdds_dv_y® v
loL = 8 mA for 25Q mode)
1.8-V Mode
" Input high-level threshold 0.65 * vdds_dv_y©® vdds_dv_y® +0.3 Y
Vi Input low-level threshold -0.3 0.35 * vdds_dv_y® v
Viys®™ | Input hysteresis voltage 70 mv
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Table 3-15. USB DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
Vou Output high-level threshold (Ioy = 4 mA for 50Q mode, | vdds_dv_y® —0.45 v
lon = 8 mA for 25Q mode)
VoL Output low-level threshold (Io. = 4 mA for 50Q mode, 0.45 \%
loL = 8 mA for 25Q mode)
Signals in Mode 0: usbbl_ulpitll_stp, usbbl_ulpitll_dir, usbbl_ulpitll_nxt, usbbl_ulpitll_dat[7:0]
(Bottom Balls: AG19 / AF19 / AE19 / AF18 / AG18 / AE17 /| AF17 /| AH17 /| AE16 / AF16 / AG16)
CLoap | Load capacitance | MBJ[1:0] =01 (Model) 2 10 pF
maximum frequency = 48 MHz
MB[1:0] = 10 (Mode2) 5 35
maximum frequency = 4 MHz
MBJ[1:0] = 11 (Mode3) 3 5
maximum frequency = 200 MHz
MB[1:0] = 11 (Mode4) 2 5
maximum frequency = 60 MHz
tor Output transition MBJ[1:0] = 01 (Mode1) 1.2 5.2 ns
time (rise time, tg maximum frequency = 48 MHz
gg:g&:’;‘;btgt)ween MBI[L:0] = 10 (Mode2) 135 106
10% to 90% of maximum frequency = 4 MHz
PAD voltage, MBJ[1:0] = 11 (Mode3) 0.6 1.2
minimum at maximum frequency = 200 MHz
minimum load and | yg[1:0] = 11 (Mode4) 1.2 34
minimum maximum frequency = 60 MHz
transmission line
length and
maximum at
maximum load
1.8-V Mode
Vin Input high-level threshold 0.65*vdds_dv_bankO0 vdds_dv_bank0 + 0.3 \Y
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bankO0 \Y
Viys™ | Input hysteresis voltage 150 mv
VoH Output high-level threshold (Ioy = —6 mA) vdd — 0.45 \Y
VoL Output low-level threshold (Io. = 6 MmA) 0.45 \Y
1.2-V Mode
\m High-level input threshold 0.65*vdds_dv_bankO0 vdds_dv_bank0 + 0.3 \Y
Vi Low-level input threshold -0.3 0.35 * vdds_dv_bankO0 \Y
Viys™ | Input hysteresis voltage 135 mv
VoH High-level output threshold (Ioq = 6 mA) 0.75*vdds_dv_bankO0 \Y
VoL Low-level output threshold (I, = 6 mA) 0.25 * vdds_dv_bank0 \%
Signals in Mode 0: usbb2_ulpitll_stp, usbb2_ulpitll_dir, usbb2_ulpitll_nxt, usbb2_ulpitll_dat[7:0]
(Bottom Balls: AF12 / AE12 / AG13 / AE11/ AF11/ AG11/AH11/ AE10/ AF10 / AG10 / AE9)
CLoap |Load capacitance | DSO =0 (Mode2) 5 35 pF
maximum frequency = 20 MHz
transmission line delay = 1340 ps
DS0 = 0 (Mode2) 2 5
maximum frequency = 48 MHz
transmission line delay = 670 ps
DS0 = 0 (Mode2) 2 5
maximum frequency = 60 MHz
transmission line delay = 335 ps
DS0 = 0 (Mode2) 2 5
maximum frequency = 75 MHz
transmission line delay = 402 ps
DS0 = 1 (Mode1l) 2 5
maximum frequency = 100 MHz
transmission line delay = 203 ps

Copyright © 2010-2012, Texas Instruments Incorporated

Submit Documentation Feedback

Electrical Characteristics 149

Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

OMAP4430

SWPS041D —DECEMBER 2010—-REVISED JANUARY 2012

13 TEXAS

INSTRUMENTS

www.ti.com

Table 3-15. USB DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
tor Output transition | DSO = 0 (Mode2) 150 ns
time (rise time, tg | maximum frequency = 20 MHz
or fall time, tg), transmission line delay = 1340 ps
T oL | D00 (o
maximum at th maximum frequency = 48 MHz
aximum at the transmission line delay = 670 ps
maximum load
DSO0 = 0 (Mode2) 3@
maximum frequency = 60 MHz
transmission line delay = 335 ps
DSO0 = 0 (Mode2) 43
maximum frequency = 75 MHz
transmission line delay = 402 ps
DSO = 1 (Model) 2
maximum frequency = 100 MHz
transmission line delay = 203 ps
1.2-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_bank6 vdds_dv_banké + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank6 \%
Viys®™ | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = 4 mA for 50Q mode, | 0.75 * vdds_dv_bank6 \%
lon = 8 mA for 25Q mode)
VoL Output low-level threshold (I, = 4 mA for 50Q mode, 0.25 * vdds_dv_bank6 \Y
loL = 8 mA for 25Q mode)
1.8-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_bank6 vdds_dv_banké + 0.3 \%
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank6 \%
Viys®™ | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Iopy = 4 mA for 50Q mode, vdds_dv_bank6 — \%
lon = 8 mA for 25Q mode) 0.45
VoL Output low-level threshold (Io. = 4 mA for 50Q mode, 0.45 \%
loL = 8 mA for 25Q mode)
Signals in Mode 0: usbb[2:1]_hsic_data, usbb[2:1]_hsic_strobe
(Bottom Balls: AF14 / AE14 / AF13 / AE13®)
Viy High-level input threshold 0.5 * vdds_1p2v + vdds_1p2v + 0.2 \%
0.13
Vi Low-level input threshold -0.2 0.5 * vdds_1p2v — \%
0.13
Viys®™ | Input hysteresis voltage NA NA NA mv
Cin Input capacitance 3 pF
Vou High-level output threshold (Ioy = 0.1 mA) 0.9 * vdds_1p2v \%
VoL Low-level output threshold (Io. = 0.1 mA) 0.1 * vdds_1p2v \Y
Zo Output impedance i[2:0] = 000 (Drv5) 1.66 * Rger Q
i[2:0] = 001 (Drv6) 1.33 * Rger
i[2:0] = 010 (Drv7) 1.14 * Rggr
i[2:0] = 011 (Drv8) Rrer®
i[2:0] = 100 (Drv9) 0.88 * Rrer
i[2:0] = 101 (Drv10) 0.8 * Rrer
i[2:0] = 110 (Drv11) 0.73 * Rgrer
i[2:0] = 111 (Drv12) 0.67 * Rrer
tor QOutput transition time/ turn-on | sr[1:0] = 00 (Fastest) 250 ps
time (rise time, tr or fall time, 1 —
tg) measured between 10% to s[1:0] = 01 (Faster) 315
90% of PAD voltage("(®)(10) sr[1:0] = 10 (Fast) 340
sr[1:0] = 11 (Slow) 390
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Table 3-15. USB DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
Maximum noise on the 10 sr[1:0] = 00 (Fastest) 215 mVpp
supply voltage(™ )% sr[1:0] = 01 (Faster) 110
sr[1:0] = 10 (Fast) 108
sr[1:0] = 11 (Slow) 110
Signal in Mode 0: usba0_otg_ce
(Bottom Ball: C3)
USB Low-Speed / Full-Speed Differential Transmitter
VoH Output high-level threshold (Pulldown R = 15kQ on 2.8 3.3 3.6 \Y
both DP and DM)
VoL Output low-level threshold (Pullup R = 1.5kQ @3.6V on 0 0.1 0.3 \%
both DP and DM)
ZpRv Driver output resistance 28 45 495 Q
tLsoT Output transition time (rise time, tg or fall time, tg), 75 300 ns
measured between 10% to 90% of PAD voltage, C, =
200 to 600 pF on both DP and DM, pullup R = 1.5kQ
@3.6V for DM only
trsoT Output transition time (rise time, tg or fall time, tg), 4 20 ns
measured between 10% to 90% of PAD voltage, C, =
50 pF on both DP and DM
USB High-Speed Differential Transmitter
tor Output transition time (rise time, tg or fall time, tg) 500 ps
measured between 10% to 90% of PAD voltage
Zuspry | Driver output resistance 40.5 45 49.5 Q
Vusol High-speed output idle level -10 0 10 mV
Vuson | High-speed output data signaling high 360 400 440 mV
VusoL | High-speed output data signaling low -10 0 10 mV
Vcuirps | Chirp J level 700 800 1100 mV
Vchirpk | Chirp K level -900 -800 -500 mV
Signals in Mode 0: usba0_otg_dp, usba0_otg_dm
(Bottom Balls: B5 / B4)
USB Low-Speed / Full-Speed Single-Ended Receiver
Vi Input high-level threshold 2 \%
Vi Input low-level threshold 0.8 \%
Zinp Input impedance exclusive of pullup / pulldown (pullup / 300 kQ
pulldown are disabled, DP/DM are in HiZ state).
GPI Low-Speed / Full-Speed Receiver(?
Vin Input high-level threshold 2 \
Vi Input low-level threshold 0.8 \%
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Table 3-15. USB DC Electrical Characteristics (continued)

M3IATHd 109NnAO0dd

PARAMETER MIN | Nom | MAX UNIT
USB Low-Speed / Full-Speed Differential Receiver
Vem Differential common mode range 0.8 25 \%
Vpi Differential Input sensitivity 0.2 \%
Viyst? | Differential receiver hysteresis 0 0 mv
USB High-Speed Differential Receiver
Vussq | High-speed squelch detection threshold (differential 100 125 150 mV
signal amplitude)
Vuspisc | High-speed disconnect detection threshold (differential 525 600 625 mV
signal amplitude)
Vuscw | High-speed data signaling common mode voltage -50 200 500 mV
range
Zuspre | Input impedance in high-speed receive mode (or 40.5 49.5 Q
v termination impedance)
USB Low-Speed / Full-Speed Differential Transmitter
Vou Output high-level threshold (Pulldown R = 15kQ on 2.8 3.3 3.6 \%
both DP and DM)
VoL Output low-level threshold (Pullup R = 1.5kQ @3.6V on 0 0.1 0.3 \Y
both DP and DM)
Zprv Driver output resistance 28 45 49.5 Q
tLsoT Output transition time (rise time, tg or fall time, tg), 75 300 ns
measured between 10% to 90% of PAD voltage, C, =
200 to 600 pF on both DP and DM, pullup R = 1.5kQ
@3.6V for DM only
tesoT Output transition time (rise time, tg or fall time, tg), 4 20 ns
measured between 10% to 90% of PAD voltage, C, =
50 pF on both DP and DM
GPO Low-Speed / Full-Speed Driver®?
tor Output transition time (rise time, tg or fall time, tg) 4 30 ns
measured between 10% to 90% of PAD voltage
CLoap | Load capacitance 0 50 pF
Vou Output high-level threshold (Ioy = 4 mA) 2.4 3.3 3.6 \%
VoL Output low-level threshold (Io. = —4 mA) 0 0.1 0.4 \%
USB HS Differential Transmitter
tor Output transition time (rise time, tg or fall time, tg) 500 ps
measured between 10% to 90% of PAD voltage
Zuspry | Driver output resistance 40.5 45 49.5 Q
Vusol High-speed output idle level -10 0 10 mV
Vuson | High-speed output data signaling high 360 400 440 mV
VusoL | High-speed output data signaling low -10 0 10 mV
Vehirps | Chirp J level 700 800 1100 mV
Vchirpk | Chirp K level -900 -800 -500 mV
Signals in Mode 0: usbcl_icusbh_dp, usbcl_icusb_dm
(Bottom Balls: H2 / H3)
1.8-V Mode
Vi Input high-level threshold 0.7 * vdds_usim vdds_usim + 0.3 \%
Vi Input low-level threshold -0.3 0.3 * vdds_usim \%
Viys®™ | Input hysteresis voltage 100 mv
Vou Output high-level threshold with 100-pA sink current at vdds_usim — 0.2 \%
vdds minimum
VoL Output low-level threshold with 100-pA source current 0.2 \%
at vdds minimum
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Table 3-15. USB DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT

tor

Output transition time at 30-pf | SPEEDCTRL =1 3 ns
load (rise time, troyT Or fall
time, trout), Measured
between 10% to 90% of PAD

voltage

Output transition time at 30-pf | SPEEDCTRL =0 8 ns
load (rise time, troyT Or fall
time, trout), Measured
between 30% to 70% of PAD

voltage

Load capacitance

10

30

pF

de

Input high-level threshold

0.625 * vdds_usim

vdds_usim + 0.3

Input low-level threshold

-0.3

0.25 * vdds_usim

Vs Input hysteresis threshold 50

H Output high-level threshold with 100-pA sink current at
vdds minimum

0.75 * vdds_usim \%

L Output low-level threshold with 100-pA source current
at vdds minimum

0.125 * vdds_usim \Y

Output transition time at 30-pf | SPEEDCTRL =1 3 ns
load (rise time, troyT Or fall
time, trout), Measured
between 10% to 90% of PAD

voltage

Output transition time at 30-pf | SPEEDCTRL =0 8 ns
load (rise time, troyT Or fall
time, trout), Measured
between 30% to 70% of PAD

voltage

CLoap

Load capacitance 10 30 pF

@
@
®
4)

(®)
(6)

@)

®)

©)

Output transition time measured between 20% to 70% of PAD voltage
Output transition time measured between 20% to 80% of PAD voltage
Output transition time measured between 10% to 90% of PAD voltage

In vdds_dv_y, y can have the value: bankO or banké depending on the ball used. For more information on a ball and the corresponding
power, see Table 2-1, POWER [9] column.

Buffer is designed for high-speed application where input slew rates are more than 1 V/ns. It is fast enough to not have any noise on the
signal during transition and hysteresis is not required.

Rrer (reference output impedance) is considered to be the production trim setting for Drv8 mode, with Rggr = 50 Q, which corresponds
to Zo = 50 Q (Ioyt = 8 mA). For a full description of the output impedance setting, see the the Control Module / Control Module
Functional Description / Functional Register Description / Signal Integrity Parameter Control Registers With Pad Group Assignment
section of the OMAP4430 TRM.

To achieve optimal noise/speed trade off, the slew rate (turn-on time) of the output signal can be programmed using the slew rate
control bits sr[1:0]. Please note that the control bits sr[1:0] do not affect the driver DC drive-strength. They only control the driver turn-on
time. It is to be noted that turn-on time and maximum supply noise are the parameter defined to help user make relative comparison and
correlate the driver operation at different turn-on time settings.

Output transition time/turn-on time for Drv8 setting, i[2:0] = 011. For a full description of this setting, see the Control Module / Control
Module Functional Description / Functional Register Description / Signal Integrity Parameter Control Registers With Pad Group
Assignment section of the OMAP4430 TRM.

Maximum noise (peak-peak) on the 10 supply voltage for Drv8 setting, i[2:0] = 011.

(10) The measurement setup (see Figure 3-1 and Figure 3-2) is not intended as a precise representation of any particular system

environment or a depiction of the actual load presented. Maximum output supply noise, (see Figure 3-2, L*di/dt) on the 10 supply is
measured with 1 nH of inductance on the 10 supply.

(11) Vuys is the magnitude of the difference between the positive-going threshold voltage V1, and the negative-going threshold voltage V+_.

(12) The GPIO modes are only available through multiplexing mode 1 or 2. For more information, see Table 2-1.
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3.3.11 MMC/SDIO DC Electrical Characteristics

Table 3-16 summarizes the MMC/SDIO dc electrical characteristics in multiplexing mode 0.

NOTE

M3IATHd 109NnAO0dd

For more information on the 10 cell configurations (SPEEDCTRL, MB[1:0] and LB0), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the

OMAP4430 TRM.

Table 3-16. MMC/SDIO DC Electrical Characteristics

PARAMETER MIN | Nom | MAX UNIT
Signals in Mode 0: sdmmc1_clk, sdmmcl_cmd, sdmmcl_dat[7:0]
(Bottom Balls: D2 /E3/E4/E2/E1/F4/F3/F1/G4/G3)
1.8-V Mode
Vin Input high-level threshold 0.7 * vdds_sdmmcl vdds_sdmmcl + 0.3 \%
VL Input low-level threshold -0.3 0.3 * vdds_sdmmcl \%
Viys® | Input hysteresis voltage 100 mv
Vou Output high-level threshold with 100-pA sink current at vdds_sdmmcl — 0.2 \
vdds_sdmmcl minimum
VoL Output low-level threshold with 100-pA source current at 0.2 \Y,
vdds_sdmmc1 minimum
tor Output transition time at 30-pf load | SPEEDCTRL =1 3 ns
(rise time, troyT OF fall time, trouT),
measured between 10% to 90% of
PAD voltage
Output transition time at 30-pf load | SPEEDCTRL =0 8 ns
(rise time, troyT OF fall time, trouT),
measured between 30% to 70% of
PAD voltage
CLoaD Load capacitance 10 30 pF
3.0-V Mode
Vin Input high-level threshold 0.625 * vdds_sdmmcl vdds_sdmmcl + 0.3 \%
VL Input low-level threshold -0.3 0.25 * vdds_sdmmc1 \%
Viys® | Input hysteresis threshold 50 mv
Vou Output high-level threshold with 100-pA sink current at 0.75 * vdds_sdmmc1l \
vdds_sdmmcl minimum
VoL Output low-level threshold with 100-pA source current at 0.125 * vdds_sdmmcl \%
vdds_sdmmc1 minimum
tor Output transition time at 30-pf load | SPEEDCTRL =1 3 ns
(rise time, troyT OF fall time, trouT),
measured between 10% to 90% of
PAD voltage
Output transition time at 30-pf load | SPEEDCTRL =0 8 ns
(rise time, troyT Of fall time, trouT),
measured between 30% to 70% of
PAD voltage
CLoaD Load capacitance 10 30 pF
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Table 3-16. MMC/SDIO DC Electrical Characteristics (continued)

PARAMETER

|

MIN

| NOM |

MAX

UNIT

Signals in Mode 0: sdmmc5_clk, sdmmc5_cmd, sdmmc5_dat[3:0]
(Bottom Balls: AE5 / AF5 / AE4 | AF4 | AG3 / AF3)

CLoap

3)

Load capacitance

MBI[1:0] = 11 LBO = 1 (Model)
maximum frequency = 24 MHz
transmission line delay = 670 ps

20

25

MB[1:0] = 11 LBO = 1 (Model)
maximum frequency = 60 MHz
transmission line delay = 335 ps

MBI[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 25 MHz
transmission line delay = 335 ps

14

17

MBJ[1:0] = 01 LBO = 0 (Mode2)
maximum frequency = 48 MHz
transmission line delay = 536 ps

MBI[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 20 MHz
transmission line delay = 838 ps

23

28

MBJ[1:0] = 10 LBO = 1 (Mode3)
maximum frequency = 24 MHz
transmission line delay = 670 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 4 MHz
transmission line delay = 1675 ps

16

20

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBJ[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 670 ps

MBI[1:0] = 10 LBO = 0 (Mode4)
maximum frequency = 25 MHz
transmission line delay = 536 ps

11

pF
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Table 3-16. MMC/SDIO DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
tor® Output transition time | MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
(rise time, tg or fall maximum frequency = 24 MHz
time, tg) measured transmission line delay = 670 ps
petueen 10% 10 90% I MB[L:0] = 11 LBO = 1 (Mode1) 4
(r)n im \rfr? ?gtlﬁ' € maximum frequency = 60 MHz
aximum at the transmission line delay = 335 ps
maximum load
MB[1:0] = 01 LBO = 0 (Mode2) 5.6
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 6.3
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 10.5W
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 125
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16.8M
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 10
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 12.2
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 8w
maximum frequency = 25 MHz
transmission line delay = 536 ps
1.2-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_bank4 vdds_dv_bank4 + 0.3 \
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank4 \
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = 4 mA) 0.75 * vdds_dv_bank4 \
VoL Output low-level threshold (Io. = 4 mA) 0.25 * vdds_dv_bank4 \
1.8-V Mode
Vi Input high-level threshold 0.65 * vdds_dv_bank4 vdds_dv_bank4 + 0.3 \
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank4 \
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = 4 mA) vdds_dv_bank4 — 0.45 \
VoL Output low-level threshold (Io. = 4 mA) 0.45 \

(1) Output transition time measured between 20% to 80% of PAD voltage.

(2) Vhys is the magnitude of the difference between the positive-going threshold voltage V1, and the negative-going threshold voltage V+_.

(3) Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.

3.3.12 JTAG DC Electrical Characteristics

Table 3-17. JTAG DC Electrical Characteristics

Table 3-17 summarizes the JTAG dc electrical characteristics in multiplexing mode O.

PARAMETER

\ MIN

| NoMm

MAX

UNIT

Signals in Mode 0: jtag_ntrst, jtag_tck, jtag_rtck, jtag_tms_tmsc, jtag_tdi, jtag_tdo
(Bottom Balls: AH2 / AG1 / AE3 / AH1 / AE1 / AE2)
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Table 3-17. JTAG DC Electrical Characteristics (continued)

PARAMETER MIN NOM MAX UNIT
CLoaD Load capacitance 30 pF
tor Output rise time 5.5 ns
tor Output fall time 5.7 ns
1.8-V Mode
Vi High-level input voltage 0.65 * vdds_1p8v vdds_1p8v + 0.3 \%
Vi Low-level input voltage -0.3 0.35 * vdds_1p8v \%
Vou High-level output voltage (loy = —4 mA) vdds_1p8v — 0.45 \%
VoL Low-level output voltage (Io. = 4 mA) 0.45 \%
Viys® Hysteresis voltage at an input 150 mv

(1) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.
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3.3.13 DPM DC Electrical Characteristics

Table 3-18 summarizes the DPM dc electrical characteristics in multiplexing mode O.

NOTE
For more information on the 10 cell configurations (DS0), see the Control Module / Control
Module Functional Description / Functional Register Description / Signal Integrity Parameter
Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

Table 3-18. DPM DC Electrical Characteristics

PARAMETER | MIN | Nom | MAX UNIT

Signals in Mode 0: dpm_emu([1:0], dpm_emu3, dpm_emu[19:5]
(Bottom Balls: M2 /N2 /V1/W1/W2/W3/W4/Y2/Y3/Y4/AAL/AA2/ AA3/ AA4 [ AB2/ AB3 / AB4 | AC4)
CLoap | Load capacitance DSO0 = 0 (Mode2) 5 35 pF

maximum frequency = 20 MHz
transmission line delay = 1340 ps
DSO = 0 (Mode2) 2 5
maximum frequency = 48 MHz
transmission line delay = 670 ps
DSO = 0 (Mode2) 2 5
maximum frequency = 60 MHz
transmission line delay = 335 ps
DSO = 0 (Mode2) 2 5
maximum frequency = 75 MHz
transmission line delay = 402 ps
DSO =1 (Model) 2 5
maximum frequency = 100 MHz
transmission line delay = 203 ps

tor Output transition time | DSO = 0 (Mode2) 150 ns
(rise time, tg or fall time, | maximum frequency = 20 MHz
tg), the maximum at the | transmission line delay = 1340 ps

maximum load DS0 = 0 (Mode2) 3®
maximum frequency = 48 MHz

transmission line delay = 670 ps
DS0 = 0 (Mode2) 3@
maximum frequency = 60 MHz

transmission line delay = 335 ps
DSO0 = 0 (Mode2) 40G)
maximum frequency = 75 MHz

transmission line delay = 402 ps
DS0 = 1 (Model) 20
maximum frequency = 100 MHz
transmission line delay = 203 ps

1.8-V Mode

Vin Input high-level threshold 0.65 * vdds_1p8v vdds_1p8v + 0.3 \Y

Vi Input low-level threshold -0.3 0.35 * vdds_1p8v \Y

Viys™ | Input hysteresis voltage 150 mv

Vou Output high-level threshold (Ioy = 4 mA for 50Q mode, vdds_1p8v — 0.45 \%
lon = 8 mA for 25Q mode)

VoL Output low-level threshold (Io. = 4 mA for 50Q mode, 0.45 \%

loL = 8 mA for 25Q mode)
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Table 3-18. DPM DC Electrical Characteristics (continued)

PARAMETER MIN | Nom | MAX UNIT

Signals in Mode 0: dpm_emu2, dpm_emu4
(Bottom Balls: P2 /V2)

CLoap | Load capacitance DSO0 = 0 (Mode2) 5 35 pF
maximum frequency = 20 MHz
transmission line delay = 1340 ps

DSO = 0 (Mode2) 2 5
maximum frequency = 48 MHz
transmission line delay = 670 ps

DSO = 0 (Mode2) 2 5
maximum frequency = 60 MHz
transmission line delay = 335 ps

DSO = 0 (Mode2) 2 5
maximum frequency = 75 MHz
transmission line delay = 402 ps

DSO =1 (Model) 2 5
maximum frequency = 100 MHz
transmission line delay = 203 ps

tor Output transition time | DSO = 0 (Mode2) 150 ns
(rise time, tg or fall time, | maximum frequency = 20 MHz
tg), the maximum at the | transmission line delay = 1340 ps

maximum load DS0 = 0 (Mode2) 3®
maximum frequency = 48 MHz

transmission line delay = 670 ps
DS0 = 0 (Mode2) 3@
maximum frequency = 60 MHz

transmission line delay = 335 ps
DSO0 = 0 (Mode2) 40G)
maximum frequency = 75 MHz

transmission line delay = 402 ps
DS0 = 1 (Model) 20
maximum frequency = 100 MHz
transmission line delay = 203 ps

1.8-V Mode

Vin Input high-level threshold 0.65 * vdds_1p8v vdds_1p8v + 0.3 \Y

Vi Input low-level threshold -0.3 0.35 * vdds_1p8v \Y

Viys™ | Input hysteresis voltage 70 mv

Vou Output high-level threshold (I = 4 mA for 50Q mode, vdds_1p8v — 0.45 \%
lon = 8 mA for 25Q mode)

VoL Output low-level threshold (Io. = 4 mA for 50Q mode, 0.45 \%

loL = 8 mA for 25Q mode)
(1) Output transition time measured between 20% to 70% of PAD voltage.

(2) Output transition time measured between 20% to 80% of PAD voltage.
(3) Output transition time measured between 10% to 90% of PAD voltage.
(4) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.
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3.3.14 Keypad DC Electrical Characteristics

Table 3-19 summarizes the keypad dc electrical characteristics in multiplexing mode 0.

NOTE

For more information on the 10 cell configurations (SC[1:0]), see the Control Module /
Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

Table 3-19. Keypad DC Electrical Characteristics

PARAMETER ’ MIN MAX UNIT
Signals in Mode 0: kpd_col[5:0], kpd_row[5:0]
(Bottom Balls: G26 / G25 / H26 / H25 / J27 / H27 / J26 / J25 | K26 / K25 / L27 | K27)
CLoap | Load capacitance SC[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] = 10 7 33
tor Qutput transition time (rise time, tg or | SC[1:0] = 00 1 15 ns
il 0,
e, oasived betueer 10% | sciuo) - o1 ;
the minimum load and maximum at SC[1:0] =10 0.6 7
the maximum load
1.2-V Mode
Vin Input high-level threshold 0.65 * vdds_dv_bank7 vdds_dv_bank7 + 0.3 \Y
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank7 \%
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = =4 mA) 0.75 * vdds_dv_bank7 \%
VoL Output low-level threshold (I, = 4 mA) 0.25 * vdds_dv_bank?7 \Y
1.8-V Mode
Vin Input high-level threshold 0.65 * vdds_dv_bank7 vdds_dv_bank7 + 0.3 \Y
Vi Input low-level threshold -0.3 0.35 * vdds_dv_bank7 \%
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = =4 mA) vdds_dv_bank7 — 0.45 \%
VoL Output low-level threshold (Ig. = 4 mA) 0.45 \%

(1) Vnys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage Vr_.
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3.3.15 System DC Electrical Characteristics

Table 3-20 summarizes the system dc electrical characteristics in multiplexing mode 0.

NOTE

For more information on the 10 cell configurations (SC[1:0], MB[1:0] and LBO), see the
Control Module / Control Module Functional Description / Functional Register Description /
Signal Integrity Parameter Control Registers With Pad Group Assignment section of the

OMAP4430 TRM.

Table 3-20. System DC Electrical Characteristics

PARAMETER MIN | Nom | MAX UNIT
Signals in Mode 0: sys_nrespwron, Sys_nreswarm
(Bottom Balls: AE7, AF7)
1.8-V Mode
Vin Input high-level threshold 0.65 * vdds_1p8v vdds_1p8v + 0.3 \Y
VL Input low-level threshold -0.3 0.35 * vdds_1p8v \Y
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = —4 mA) vdds_1p8v — 0.45 \%
VoL Output low-level threshold (Io. = 4 mA) 0.45 \
Signals in Mode O: fref_clk_ioreq, sys_32k, sys_pwr_req, sys_pwron_reset_out, sys_boot[7:6]
(Bottom Balls: AD1/ AG7 / AH7 /| AG6 / AF8 / AES8)
Cloap |Load capacitance SCJ[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] = 10 7 33
tot Output transition time (rise time, tg or | SC[1:0] = 00 1 15 ns
i 0,
e, ) measured between 10% 10, o1
the minimum load and maximum at SC[1:0] = 10 0.6
the maximum load
1.8-V Mode
" Input high-level threshold 0.65 * vdds_y® vdds_y® + 0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_y® v
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = —4 mA) vdds_y® - 0.45 v
VoL Output low-level threshold (I, = 4 mA) 0.45 Y
Signals in Mode 0: sys_nirq[2:1], sys_boot[5:0]
(Bottom Balls: AE6 / AF6 / F26 / E27 | E26 | E25 / D28 | D27)
CLoap | Load capacitance SC[1:0] = 00 4 60 pF
SC[1:0] =01 2 21
SC[1:0] = 10 7 33
tor Output transition time (rise time, tROor SCJ[1:0] = 00 1 15 ns
e msasived beueer 10% | sciuo) = o1
the minimum load and maximum at SC[1:0] = 10 0.6
the maximum load
1.8-V Mode
Vin Input high-level threshold 0.65 * vdds_1p8v vdds_1p8v + 0.3 \Y
VL Input low-level threshold -0.3 0.35 * vdds_1p8v \Y
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = —4 mA) vdds_1p8v — 0.45 \%
VoL Output low-level threshold (I, = 4 mA) 0.45 \%
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Table 3-20. System DC Electrical Characteristics (continued)

PARAMETER | MIN | NoMm | MAX UNIT

Signals in Mode 0: fref_clk[4:0]_out, fref_clk[4:3]_req
(Bottom Balls: AD2 / AA28 /Y28 /| AD4 /| AC3 / AD3 / AC2)

CLoap® | Load capacitance MB[1:0] = 11 LBO = 1 (Mode1) 20 25 pF
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 11 LBO = 1 (Mode1l) 2 5
maximum frequency = 60 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 14 17
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 2 5
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 23 28
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 16 20
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16 20
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 2 5
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 5 7
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 2 11
maximum frequency = 25 MHz

transmission line delay = 536 ps
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Table 3-20. System DC Electrical Characteristics (continued)

PRODUCT PREVIEW

PARAMETER MIN NOM MAX UNIT
tor® | Output transition time | MB[1:0] = 11 LBO = 1 (Model) 10 ns
(rise time, tg or fall maximum frequency = 24 MHz
time, tg) measured transmission line delay = 670 ps
0, 0,
petueen 10% 10 90% |'vp[1:0] = 11 LBO = 1 (Mode1) 4
21 i \r/r? et‘?ﬁ’ e maximum frequency = 60 MHz
aximum at the transmission line delay = 335 ps
maximum load
MB[1:0] = 01 LBO = 0 (Mode2) 5.6
maximum frequency = 25 MHz
transmission line delay = 335 ps
MB[1:0] = 01 LBO = 0 (Mode2) 6.3
maximum frequency = 48 MHz
transmission line delay = 536 ps
MB[1:0] = 10 LBO = 1 (Mode3) 10.54)
maximum frequency = 20 MHz
transmission line delay = 838 ps
MB[1:0] = 10 LBO = 1 (Mode3) 12.5
maximum frequency = 24 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 16.84)
maximum frequency = 4 MHz
transmission line delay = 1675 ps
MB[1:0] = 10 LBO = 0 (Mode4) 10
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 12.2
maximum frequency = 25 MHz
transmission line delay = 670 ps
MB[1:0] = 10 LBO = 0 (Mode4) 8t
maximum frequency = 25 MHz
transmission line delay = 536 ps
1.2-V Mode
" Input high-level threshold 0.65 * vdds_w® vdds w® +0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_w® v
Viys® | Input hysteresis voltage 135 mv
Vou Output high-level threshold (Ioy = 4 MA) 0.75 * vdds_w® v
VoL Output low-level threshold (o, = 4 MA) 0.25 * vdds_w® v
1.8-V Mode
" Input high-level threshold 0.65 * vdds_w® vdds w® +0.3 v
Vi Input low-level threshold -0.3 0.35 * vdds_w® v
Viys® | Input hysteresis voltage 150 mv
Vou Output high-level threshold (Ioy = 4 MA) vdds_w® - 0.45 v
VoL Output low-level threshold (o, = 4 mA) 0.45 \%
Signals in Mode 0: fref_xtal_in, fref_xtal_out
(Bottom Balls: AH6 / AH5)
\m Input high-level threshold 0.65 * vdds_1p8_fref \Y
Vi Input low-level threshold 0.35 * vdds_1p8_fref \Y
Viys™® | Input hysteresis voltage 250 mv
Cin Input capacitance 1 1.15 1.35 pF
tr Input transition time (rise time, tg or fall time, tr measured 5 ns
between 10% and 90% of PAD voltage)
Vou Output high-level threshold 0.7 * vdds_1p8_fref \%
VoL Output low-level threshold 0.3 * vdds_1p8_fref \%
CLoap | Load capacitance 12 24 pF
Signal in Mode 0: fref_slicer_in
(Bottom Ball: AG8)
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Table 3-20. System DC Electrical Characteristics (continued)

PARAMETER | MIN | NoMm | MAX UNIT
Single-ended Application Mode (single-ended sine clock)
Vswing | Input voltage swing® 500 1600 mVpp
RN Input resistance 18.3 kQ
Cin Input capacitance 2.5 pF
Single—ended High-Voltage CMOS Application Mode (single-ended square clock)
Vi Input high-level threshold 0.65 * vdds_1p8_fref 2.00 \%
Vi Input low-level threshold -0.2 0.35 * vdds_1p8_fref \%
RN Input resistance 18.3 kQ
Cin Input capacitance 2.5 pF
4T Input transition time (rise time, tg or fall time, tg) measured 15 10 ns

between 10% to 90% of PAD voltage

M
@

(©)
4)
(®)

(6)

In vdds_y, y can have the value: vdds_1p8_fref or vdds_1p8v depending on the ball used. For more information on a ball and the
corresponding power, see Table 2-1, POWER [9] column.

In vdds_w, w can have the value: vdds_1p8_fref or vdds_dv_fref depending on the ball used. For more information on a ball and the
corresponding power, see Table 2-1, POWER [9] column.

Output transition time measured between 20% to 80% of PAD voltage.
Vhys is the magnitude of the difference between the positive-going threshold voltage V1. and the negative-going threshold voltage V+_.

Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.

Minimum input common mode voltage — input voltage swing/2 > 0 V
Maximum input common mode voltage + input voltage swing/2 < 1.6 V
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3.4 External Capacitors

3.4.1 Voltage Decoupling Capacitors

To improve module performance, decoupling capacitors are required to suppress the switching noise
generated by high frequency and to stabilize the supply voltage. A decoupling capacitor is most effective
when it is close to the device, because this minimizes the inductance of the circuit board wiring and
interconnects.

NOTE
The TWL6030 PMIC supports the following output bulk capacitors:

* 10pF maximum close to the TWL6030 PMIC

* The additional mid-frequency decoupling capacitors are described in Table 3-21. Note
that a maximum of 10uF is supported at OMAP side.

* The SMPS feedback sense line must remain closed to the PMIC

For other PMICs which can support more than 10uF at OMAP side, then a bulk capacitor of,
at least, 20uF is recommended.

3.4.1.1 Core, MPU, IVA, Audio Voltage Decoupling

3.4.1.1.1 Core, MPU, IVA, Audio Voltage Decoupling Values

Table 3-21 summarizes the core voltage decoupling characteristics.

CAUTION

PCB guideline between the power IC (PMIC) balls and the OMAP balls:

* Maximum recommended inductance by power supply rail less than 2 nH (VDD +
VSS).

* Maximum recommended static IR-drop by power supply rail less than 1.5% (with rise
on ground accounted for).

* For more information on maximum peak-peak noise on the supply, see Table 3-3,
Recommended Operating Conditions.

» Decoupling bypass capacitors main characteristics:

— Size code:
» 10 pF: 0603/X5R
e 4.7 pF: 0603/X5R
e 1 pyF: 0402/X5R
* 470 nF: 0402/X5R
* 100 nF: 0201/X5R

— Minimum value for each PCB capacitor: 100 nF

— ESL decoupling capacitor must not exceed 0.5 nF

— The capacitor value is defined at +50% of the value to take in account the aging
effects and the voltage impact.

— Among the different capacitors, 470 nF is recommended (not required) to filter at
5-MHz to 10-MHz frequency range
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Table 3-21. Core, MPU, IVA, Audio Voltage Decoupling Characteristics®

PARAMETER PDN IMPEDANCE PCB MAXIMUM LOOP | DECOUPLING CAPACITOR
CHARACTERISTICS®¥ RESISTANCE INDUCTANCE VALUES®)
BETWEEN SPMS | PER CAPACITOR
T'XFFQ’EETA'&?E) IFNRTEE%%ES'\T“E,\YASZF) and OMAP (mQ)® (WITHO(;JJ)ESL)(Z) 100nF | 470nF | 1uF | 4.7uF
Cydd core | CORE 91 40 13.75 0.7 6 1 3 1
N @11V,
(transient
0.6 A)
Cuvdd_mpu | MPU 93 40 14 0.7 5 1 3 1
@1000
MHz
@1.35V
(transient
0.725 A)
MPU 71 28 10 0.7 5 1 3 1
@1200
MHz
@1.35V
(transient
0.95 A)
Cudd_iva_audio 194 46 29 1.0 5 0 1 0
(@1.26 V, transient
0.325 A)

(1) See Table 3-3 for more information on peak-to-peak noise values
(2) ESL must be as low as possible and must not exceed 0.5 nH.

(3) To take into account the aging effects and voltage impact on capacitance, their values, as described in Table 3-21, are specified at +
50%.

(4) The PDN (Power Delivery Network) impedance characteristics are defined versus the device activity (that runs at different frequency)
based on Table 3-3, Recommended Operating Conditions, peak-peak noise values.

(5) The static drop requirement drives the maximum acceptable PCB resistance between the PMIC or the external SMPS and the OMAP4
power balls.

3.4.1.2 10 Voltage Decoupling

Table 3-22 summarizes the |10 voltage decoupling characteristics.

CAUTION

PCB guideline between the power IC (PMIC) balls and the OMAP balls:

* Maximum recommended static ir-drop by power supply rail less than 1% of the
supplied voltage.

* For more information on maximum peak-peak noise on the supply, see see
Table 3-3, Recommended Operating Conditions.
» Decoupling bypass capacitors main characteristics:
— TCC size code:
* 470 nF: 0402/X5R
e 220 nF: 0402/X5R
» 100 nF: 0201/X5R
— Minimum value for each PCB capacitor: 100 nF

— The capacitor value is defined at £50% of the value to take in account the aging
effects, and the voltage impact.

Table 3-22. 10 Voltage Decoupling Characteristics®®

PARAMETER | MNe ] TYP MAX®@ UNIT

1.2-V Supply Voltage 10s
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Table 3-22. 10 Voltage Decoupling CharacteristicsY® (continued)

PARAMETER

MIN®

TYP MAX® UNIT

Cvdds_lp2v

50

100 150 nF

1.8-V Supply Voltage 10s

Cvdds_lva

100

220 300 nF

Cvdds_lps_fref

50

100 150

1.2-V, 1.8-V Supply Voltage I0s

Cvdds_dv_(;)pmc

300

Cvdds_dv_'sdmm(:Z

Cvdds_dv_ch

Cvdds_dv_catm

Cvdds_dv_ban ko

Cvdds_dv_ban k1

Cvdds_dv_ban k2

Cvdds_dv_ban k3

Cvdds_dv_ban k4

Cvdds_dv_ban k5

Cvdds_dv_ban k6

Cvdds_dv_ban k7

Cvdds_dv_fref

6 x 100 900 nF

1.8-V, 3.3-V SDMMCL1 and SIM Supply Voltage I0s

Cvdds_usim

50

100 150 nF

Cvdds_sdmmcl

50

100 150 nF

1.2-V LPDDR2 Supply Voltage 10s

Cyddq_Ipddr2

800

2 x 470 + 6 x 100 2400 nF

3]
Cvddq_vref_lpddrz( )

50

100 150 nF

Cvddca_lpddrz

285

1x100 +1x470 855 nF

3
Cvddca_vref_lpder( )

50

100 150 nF

Other

vpp_cust®

100 nF

(1) All capacitor values described in this table are based on capacitors of 100 nF.

(2) See Table 3-3 for more information on peak-to-peak noise values.

(3) vddqg_vref_lpddr2 and vddca_vref_lpddr2 are dedicated power supplies for OMAP embedded VREF generator.

(4) To take into account the aging effects and voltage impact on capacitance, their values, as described in Table 3-22, are specified at +

50%.

(5) vpp_custis only powered when programming CPFROM eFuses. Otherwise, it is recommended to leave vpp_cust turned off (floating).
Note that if the TWL6030 PMIC is used then the vpp pull-down resistor inside the TWL6030 must be disabled when vpp_cust is turned

off.
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3.4.1.3 Analog Voltage Decoupling

3.4.1.3.1 Analog Voltage Decoupling Values

Table 3-23 summarizes the analog voltage decoupling characteristics.

CAUTION

PCB guidelines between the power IC (PMIC) balls and the OMAP balls:

Maximum recommended inductance (Vppa + Vssa) by power supply rail less than 30
nH.

The capacitors must be placed as closed as possible to the balls. Maximum loop
inductance for the decoupling capacitances must not exceed:

— 1.0 nH maximum for DLLs

— 1.5 nH maximum for complex 10s (HDMI) and DPLLs

— 2.0 nH maximum for SRAM LDOs, BodyBias (BB) LDOs, WakeUp (WKUP) LDO,
BandGap (BG) LDO, Video DAC, CSI2, CCPV2, and DSI

Maximum recommended resistance (Vppa + Vssa) by power supply rail between 0.1
Qt00.3 Q.

For more information on Video DAC and HDMI routing guidelines, see Figure 3-3,
VDAC / HDMI Power PCB Routing Topology.

For more information on DPLLs and complex 10s routing guidelines, see Figure 3-4,
DPLLs / Complex 1/0 VDDA Power PCB Routing Topology.

For more information on OMAP4 embedded LDOs and BandGap routing guidelines,
see Figure 3-5, OMAP Embedded LDO / Bandgap Power PCB Routing Topology.

Table 3-23. Analog Voltage Decoupling Characteristics®®

PARAMETER MING) TYP MAX®) UNIT
Cydda_dpll_mpu 50 100 150 nF
Cudda_dpll_core_audio 50 100 150 nF
Cydda_dpll_iva_per 50 100 150 nF
Cudda_dio_ipddr21™® 150 3x 100 450 nF
Cudda_din_ipddra1™® nF
Cudda_dlo_ipddr22™® nF
Cudda_din_ipddr22™® nF
Cydda_Ido_sram_mpu 110 220 330 nF
Cydda_Ido_sram_iva_audio 110 220 330 nF
Cydda_ldo_sram_core 110 220 330 nF
Cydda_ldo_emu_wkup 50 100 150 nF
Cydda_bdgp_vbb 50 100 150 nF
Cydda_dsit 110 220 330 nF
Cydda_dsi2 110 220 330 nF
Cudda_csiz1 110 220 330 nF
Cudda_csiz2 110 220 330 nF
Cydda_hdmi_vdac 235 470 705 nF
Cydda_usbaOotg_1p8v 110 220 330 nF
Cydda_usbaOotg_3p3v 110 220 330 nF
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(1) Decoupling capacitance side code (TCC): 0402/X5R.
(2) See Table 3-3 for more information on peak-to-peak noise values.

(3) To take into account the aging effects and voltage impact on capacitance, their values, as described in Table 3-23, are specified at +
50%.

(4) In Figure 3-7, External Capacitors, the three DLL decoupling capacitors have the names: Cvdda_dll1/3, Cvdda_dllI2/3, and Cvdda_dlI3/3
to represent the three decoupling capacitors above the four power rails: vdda_dlIl0_Ipddr21, vdda_dIl1_lpddr21, vdda_dIlO_Ipddr22, and
vdda_dll1_Ipddr22.

3.4.1.3.2 Analog Voltage Decoupling—Example Of Video DAC / HDMI Routing Guidelines

The VDAC LDO within the TWL6030 PMIC device supplies the Video DAC and HDMI (vdda_hdmi_vdac
OMAP4 power pin) circuitry within the OMAP4 device. This power rail must be routed as a power trace
from the LDO where it is star-routed to OMAP as shown in Figure 3-3, VDAC / HDMI Power PCB Routing
Topology.

For each power trace between the TWL6030 PMIC device and OMAP4 vdda_hdmi_vdac:

* Maximum recommended resistance (VDDA + VSSA) by power supply rail must be 0.3 Q.

* Maximum recommended inductance by power supply rail less than 2 nH (VDD + VSS) must be 30 nH

Each decoupling capacitor must be located as close as possible to the OMAP4 power balls to reduce the
decoupling capacitor loop inductance:

+ Maximum loop inductance for the decoupling capacitors must not exceed:
— Video DAC: less than 2 nH between their location on trace and the device power balls
— HDMI: less than 1.5 nH between their location on trace and the devices power balls

OMAP4

P| vdda_hdmi_vdac (ball A11)

VDAC (ball G15)

P| vdda_hdmi_vdac (ball G12)

;Jlj\ 1uF 470 nF A~

SWPS042-006

Figure 3-3. VDAC / HDMI Power PCB Routing Topology

3.4.1.3.3 Analog Voltage Decoupling—Example Of VCXIO and VUSB Routing Guidelines
This section provides an example of VCXIO and VUSB routing guidelines based on a TWL6030 PMIC.

The TWL6030 PMIC power companion provides an LDO (VCXIO) that is used to power the DPLLs within
the OMAP4 device, as well as the VDDA inputs to the complex 1/O cells (except VDAC and HDMI) used
within the OMAPA4.

Another LDO VUSB provides the 3.3-V supply for the USBPHY (to the OMAP4 vdda_usbaOotg_3p3v
power pin).

Both LDOs must be routed as a power trace and star-routed to the OMAP4 as shown in Figure 3-4,
DPLLs / Complex I/Os VDDA Power PCB Routing Topology.

For each power trace between TWL6030 PMIC device and the DPLLs, complex IOs power balls:

+ Maximum recommended resistance (VDDA + VSSA) by power supply rail must be 0.3 Q.

* Maximum recommended inductance by power supply rail less than 2 nH (VDD + VSS) must be 30 nH

Each decoupling capacitor must be located as close as possible to the OMAP4 power balls to reduce the
decoupling capacitor loop inductance:
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» Maximum loop inductance for the decoupling capacitors must not exceed:
— Complex 10s: less than 2 nH between their location on trace and the device power balls
— DPLLs: less than 1.5 nH between their location on trace and the devices power balls

P| vdda_dsi1 (ball L1)

VCXIO (ball F15)

220 nF

P| vdda_dsi2 (ball L2)

220 nF
P | vdda_csi21 (ball W28)

220 nF

P| vdda_csi22 (ball V28)

R REEBYEE

220 nF
——>
i P| vdda_dpll_core_audio (ball G13)
T 100nF
i P vdda_dpll_mpu (ball P9)
T 100nF
i P| vdda_dpll_iva_per (ball Y16)
I 100nF
i P| vdda_usbaOotg_1p8v (ball A7)
T 2200F
VUSB (ball A7) > _T_ P| vdda_usbaOotg_3p3v (ball A5)

T 2200F

—T_1uF
l

Figure 3-4. DPLLs / Complex 1/0Os VDDA Power PCB Routing Topology

swps042-007

3.4.1.3.4 Analog Voltage Decoupling—Example Of OMAP4 Embedded LDOs / BandGap Routing
Guidelines

This section provides an example of OMAP4 embedded LDOs / BandGap routing guidelines based on a
TWL6030 PMIC.

The TWL6030 PMIC power companion provides an SMPS that supplies the I0s and the power
management IPs within the OMAP4 device.

This section describes only PCB requirements for embedded OMAP4 LDOs and Bandgap that supply the
memories inside the OMAP4.

Both LDOs must be routed as a power trace and star-routed to the OMAP4 as shown in Figure 3-5,
OMAP Embedded LDO / Bandgap Power PCB Routing Topology. For each power trace between
TWL6030 PMIC device and the DPLLs, complex 10s power balls:

* Maximum recommended resistance (VDDA + VSSA) by power supply rail must be 0.3 Q.
* Maximum recommended inductance by power supply rail less than 2 nH (VDD + VSS) must be 30 nH
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Each decoupling capacitor must be located as close as possible to the OMAP4 power balls to reduce the
decoupling capacitor loop inductance:

+ Maximum loop inductance for the decoupling capacitors must not exceed:
— Complex 10s: less than 2 nH between their location on trace and the device power balls
— DPLLs: less than 1.5 nH between their location on trace and the devices power balls

OMAP4 package
OMAP die
V1v8
MPU SRAM LDO
BaD cap_vdd_ldo_sram_mpu I(— Pad | vdd_Ildo_sram_mpu vdda_ldo_sram_mpu | pad 4—| vdda_ldo_sram_mpu (_Ball
NG pad | viwaIdo_sram. mpu Cuoon L00_smam upy_onre
— Pa
Coo 109 sram weu_owae — i
- 1uF =
V1Vv8
IVA Audio SRAM LDO
BaD cap_vdd_ldo_sram_iva_audio I(— Pad | vdd_Ido_sram_iva_audio vdda_ldo_sram_iva_audio | Pad 4—| vdda_ldo_sram_iva_audio (_Ball
- - Cuoon 100_smam_1va aupio_owap
NC — Pad | vnwa_ldo_sram_iva_audio
Coo 109 sram_wa_auoio_owse
- 1uF =
V1ive
Core SRAM LDO
BaD cap_vdd_ldo_sram_core |<— Pad | vdd_Ido_sram_core vdda_ldo_sram_core | pad 4—| vdda_ldo_sram_core (_Ball
Cuoon oo sram._core_owse
NC — Pad | vnwa_ldo_sram_core
Cooo_109 sran_core_ovae T
- 1uF =
V1Vv29
Emu Wkup LDO
NC BaD cap_vdd_Ido_emu_wkup |<— Pad | vdd_Ido_emu_wkup vdda_ldo_emu_wkup | Pad <—| vdda_ldo_emu_wkup ( Ball
Cuoon Loo_emu_wkur_owse
NC — Pad | vnwa_ldo_emu_wkup T
NC — Pad | vdda_ldo_emu_wkup_array —
V1vas
Emu Wkup LDO
NC Ball ) atestv [4¢—{ Pad | atestv vdda_bdgp | Pad vdda_bdgp_vbb (_Ball c
BaD cap_vbb_ldo_mpu [€— Pad | vbb_Ido_mpu vdda_vbbido_mpu | pad VODABOGPVEE O
BaD cap_vbb_ldo_iva_audio [4— Pad | vbb_ldo_iva_audio vdda_vbbldo_iva_audio | pad _‘L‘_
|
T Gves oo va a0 owse
- 1uF
T CVBE,LIDD,WA,WO,GMAP
= 1pF|

SWPS042-008

Figure 3-5. OMAP Embedded LDO / Bandgap Power PCB Routing Topology

3.4.1.3.4.1 Analog Voltage Decoupling—Example Of Routing Guidelines For Power Supplies
The SMPS must be routed as a power trace and star-routed to the OMAP4 balls.

Dedicated power traces are star connected from the V1V8 power ball to OMAP4 power balls
vdda_ldo_sram_mpu, vdda_ldo_sram_iva_ audio, vdda_ldo_sram_core, vdda_ldo_emu_wkup, and
vdda_bdgp_vbb:

+ Maximum recommended resistance (VDDA + VSSA) by power supply rail must be 0.3 Q.
+  Maximum recommended inductance by power supply rail less than 2 nH (VDD + VSS) must be 30 nH.

Each decoupling capacitor must be located as close as possible to the OMAP4 power balls to reduce the
decoupling capacitor loop inductance.

Maximum loop inductance for the decoupling capacitors must not exceed 2 nH.

3.4.1.3.4.2 Analog Voltage Decoupling—Guidelines For Embedded DLLs

The total capacitors for the 4 DLL power supplies balls (vdda_dllO_lpddr21, vdda_dlIl1_Ipddr21,
vdda_dllO_Ipddr22, vdda_dlI1_Ipddr22) must be 3 x 100 nF.
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The capacitors must be placed as closed as possible to the balls.

Maximum loop inductance for the decoupling capacitances must not exceed 1 nH.

3.4.1.3.4.3 Analog Voltage Decoupling—Guidelines For Top LPDDR2 Memories Core Power Supplies

The OMAP4 device supports two LPDDR2 channels. Each of these channels supports up to two chip
selects and up to four LPDDR2 memory dies can be connected on top of OMAP4 package in a Package
on Package [POP] implementation. Power for LPDDR2 memory is connected via feedthrough in the
OMAP4 package.

Depending upon the LPDDR2 memory configuration, Tl recommends contacting Memory Vendors for the
proper decoupling scheme. As a reference point based on Tl board, LPDDR2 VDD1 has 3 x 100 nF and
LPDDR2 VDD2 has 2 x 470 nF + 3 x 100 nF.

3.4.2 Output Capacitors

The capacitors at outputs are required to stabilize the internal LDO supply voltages. The capacitors must
be placed as closed as possible to the balls.

Table 3-24 summarizes the output capacitor characteristics.

CAUTION

PCB guidelines:

* The capacitors must be placed as closed as possible to the balls. Maximum loop
inductance for the decoupling capacitances must not exceed:

— 1 nH maximum for output SRAM LDOs.
— 3 nH maximum for output BodyBias (BB) LDOs.

Table 3-24. Output Capacitor Characteristics®

PARAMETER MIN® TYP MAX® UNIT
Ceap_vbb_Ido_mpu 0.7 1.0 1.3 uF
Ceap_vbb_Ido_iva_audio 0.7 1.0 1.3 uF
Ceap_vdd_Ido_sram_mpu 0.7 1.0 1.3 uF
Ceap_vdd Ido_sram_iva_audio 0.7 1.0 1.3 uF
Ceap_vdd_Ido_sram_core 0.7 1.0 1.3 uF
Ceap_vdd Ido_emu_wkup NA® NA®) NA®@ NA®

(1) Output capacitors side code (TCC): 0402/X5R

(2) Caution: It is recommended to avoid adding any external capacitor.

(3) To take into account the aging effects and voltage impact on capacitance, their values, as described in Table 3-24, are specified at +
50%.

Figure 3-6 and Figure 3-7 illustrate an example of external capacitors.
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see®? i T BANK5 DV 10 -
= vdd_mpu
vdd_mpu B
vdds dv_T_bank4rj vdds_dv_bank4 SERIAL MPU —mp _T_ s (1)
(2) LI ee
See i BANK4 DV 10 =
= vdda_ldo_sram_iva_audio| vdda_ldo_sram_iva_audio
vdds_dv_bank3 vdds dv bank3 = T
@ T M — = SERIAL IVA Audio — Cvdda_ldo_sram_iva_audio
See i T BANK3 DV 10 SRAM LDO —| I =
vdds dv:bankz 4ds dv b L —1Ccap_vdd_Ido_sram_iva_audio
- L vdds dv bank2 SERIAL =
see” LT BANK2 DV 10 vdd Iva audio
= VA vdd_iva_audio ! -
> (1)
vdds_dv_bank | 445 gy_banki 1 = Se
@ 1] -0V SERIAL =
See = BANK1 DV IO Audio BE
dda_ld
vdds dV‘T‘ bank0 | vdds_dv_bank0 — vdda_ Ido_sram_core 7 a_T_ 0_sram_core
Ses®? 1 BANKO DV IO CORE SRAM [ ——tCvdda_ldo_sram_core
= LDO — I =
vdds d_lv_cz-lmr vdds_dv_cam L —] Ccap_vdd_Ido_sram_core
See(z) i LT CAMDV IO :L:
= vdda_Ido_emu_wku vdda_ldo_emu_wkup
vads_dv._c2c vdds_dv_c2c WKUP EMU _|-gom -t WP fE T cvdda_Ido_emu_wkup
See®? f {1 c2c DV IO LDO J T -
vdds dv_T_gpmc i vdds_dv_gpmc WKUP EMU
See(z) = {} GPMC DV IO Array LDO
T
= MPU VBB ] Ccap_vbb_ldo_mpu
vdda_dpll_ _\l’_ perr vdda_dpll_iva_per LDO f
Cvdda_dpl_iva_per —— ] DPLL IVA =
- vdda_bdgp_vbb | Vvdda_bdgp_vbb
- PLL PER IVA Audio . _II_CVdda_bdgp_Vbb
— VBB LDO
| N . )
L Ccap_vbb_ldo_iva_audio
vdda_dpll_¢ core _audio vdda_dpll_core_audio i f p_vbb_ldo_lva_:
Cvdda_dpll_core audlo_l_ {1 DPLL CORE Bandgap =
- LDO
DPLL AUDIO
I~ :L SWPS040-001A

Figure 3-6. External Capacitors—Page 1 of 2(0®)

(1) The vdd_mpu, vdd_iva_audio and vdd_core decoupling capacitors placement depends on the board layout. The recommended number
of decoupling capacitors is described in Table 3-21, Core, MPU, IVA, Audio Voltage Decoupling Characteristics.

(2) The decoupling capacitors placement of the gpmc, sdmmc2, c2c, cam, bank[7:0], fref VDDS dual voltages (dv) depends on the board
layout. The number of decoupling capacitors to be used is described in Table 3-22, 10 Voltage Decoupling Characteristics. Regarding
the vddq_vref_Ipddr2 and vddca_vref_Ipddr2 decoupling capacitors requirement, see also Table 3-22, 10 Voltage Decoupling
Characteristics.
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Figure 3-7. External Capacitors—Page 2 of 2(0®)

(1) The vdd_mpu, vdd_iva_audio and vdd_core decoupling capacitors placement depends on the board layout. The recommended number
of decoupling capacitors is described in Table 3-21, Core, MPU, IVA, Audio Voltage Decoupling Characteristics.

(2) The decoupling capacitors placement of the gpmc, sdmmc2, c2c, cam, bank[7:0], fref VDDS dual voltages (dv) depends on the board
layout. The number of decoupling capacitors to be used is described in Table 3-22, 10 Voltage Decoupling Characteristics. Regarding
the vddq_vref_Ipddr2 and vddca_vref_Ipddr2 decoupling capacitors requirement, see also Table 3-22, 10 Voltage Decoupling
Characteristics.
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NOTE
vddq_vref_Ipddr21 and vddg_vref_Ipddr22 are the supply voltage for LPDDR2 DQ VREF:

¢ Channel 1 on ball G15
* Channel 2 on ball T8

vddca_vref_lpddr21 and vddca_vref_lpddr22 are the supply voltage for LPDDR2 CA VREF:
* Channel 1 on ball Y14
* Channel 2 on ball R27

3.5 Power-up and Power-down Sequences

3.5.1 Power-Up Sequence

NOTE
For more information, see Power, Reset and Clock Management / Reset Management
Functional Description / Reset Sequences / PRCM Module Power-On Reset Sequence
section of OMAP4430 TRM.

Figure 3-8 shows the power-up sequence.

vdds_1p8v, vdds_1p8_fref,

vdds_dv_xxx @1.8v, vdda_ldo_sram_xxx,
vdda_bdgp, vdds_usim®, vdds_sdmmc1®,
vdda_csi2x®

vdda_dsi1, vdda_dsi2, vdda_csi2x,
vdda_hdmi_vdac, vdda_usbaOotg_1p8v,
vdda_usbaOotg_3p3v

1.8V

-/

/

1.8V
vdda_dpll_mpu, vdda_dpll_core_audio, : /
vdda_dpll_iva_per
12V

vdds_1p2v, vdds_dv_xxx @ 1.2v,

vdda_ldo_emu_wkup, vddq_lpddr2, £ /

vddca_lpddr2, vddq_vref_lpddr2x,

vddca_vref_Ipddr2x 0.92 V"
vdd_core, vdda_dll0_lpddr2x, / /
vdda_dlIl1_lpddr2x
0.93 V"
vdd_mpu / /
0.92 V"
vdd_iva_audio / /
vdds_usim®, vdds_sdmmc1® / /

AN N N e a AW aWal

fref_slicer_in or fref_xtal_in

sys_nrespwron / l

fref_clk_io_req I
(used as output)

sys_nreswarm

sys_nrespwron_reset_out I

SWPS040-221

Figure 3-8. Power-Up Sequence

(1) For power saving, the OMAP4430 device boots up with vdd_core, vdd_mpu, and vdd_iva_audio @OPP50. See the operating condition
addendum for values. OPP voltage values may change following the silicon characterization result.

(2) In case the USIM, USBC1 interfaces are used at 1.8 V only (for example, USIM and/or USBC1 pads as GPIOs...) or the SDMMC1
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interface is used at 1.8 V only (for example, as GPIOs or for SDIO device or eMMC device...) or the CSI2 interfaces are used as GPIs.
(3) In case the USIM, USBC1, SDMMC1 functional signals are used at 1.8 V/ 3.0 V.

NOTE
When supplied at 1.8 V, the vdds_dv_xxx dual-voltage supplies (xxx represents bank[7:0],
gpmc, sdmmc2, c2c, cam, fref) must be turned on before the one supplied at 1.2 V. Only
exception is vdds_dv_c2c that can be turned on at any time (including after OMAP boot),
whatever its voltage.

Inside a vdds_dv group @1.8 V or @ 1.2 V, each vdds_dv_xxx supply voltage can be turned
on any time compared with the other vdds_dv_xxx supplies voltage.

The vdda_dpll_xxx voltage supplies can be turned on at the same time as the other 1.8-V
voltage supplies.

The 1.8-V and 3.3-V PHY voltage supplies can be turned on at the same time as the other
1.8-V voltage supplies or only when the corresponding applications are needed.

Once vdda_ldo_emu_wkup is turned on, vdd_core can be turned on. Once vdd_core is
turned on, vdd_mpu and vdd_iva_audio can be turned on.

If the USIM, USBC1, SDMMCL1 functional signals are used at 1.8-V / 3.0-V, the vdds_usim,
vdds_sdmmcl voltage supplies can be turned on any time after vdd_core ramp-up or only
when the applications are needed.

sys_32k can be turned on any time between vdds_1p8v ramp-up and sys_nrespwron
release.

Once the sys_nrespwron is released, OMAP4430 activates the fref clk_ioreq signal.
Therefore, the fref_slicer_in or fref_xtal_in clock can be turned on. (Nevertheless, the system
can turn on the fref_slicer_in or fref_xtal_in clock before the fref_clk_ioreq activation provided
the vdds_1p8v supply is on.)

5 ms after the sys_nrespwron release, the clock is considered as stabilized on the
OMAP4430 slicer input or crystal input. The clock may be supplied later provided it is
perfectly stabilized when supplied.

1.2 ms (about 40 additional 32-kHz clock cycles) after the clock is considered as stabilized,
OMAP4430 releases its sys_nreswarm.

2 ms after the clock is considered as stabilized, OMAP4430 activates the sys_pwron_
reset_out signal.

3.5.2 Power-Down Sequence

The following steps give two examples of power-down sequence supported by the OMAP4430 device.
1. Put the OMAP4430 device under reset (Sys_nrespwron)

2. Stop all signals driven to its balls (sys_32k, fref_slicer_in or fref_xtal_in)

3. Either:

(a) Shutdown all power domains at once. This sequence is described in black color in Figure 3-9.
(b) Or, if the shutdown is sequenced, you must follow these steps (described in dashed blue color in

Figure 3-9):

(i) Turn off all PHY power supplies and SIM/SDMMCL1 10 power supplies

(i) Turn off the IVA and AUDIO domains power supplies

(iii) Turn off the MPU domain power supply

(iv) Turn off the CORE domain power supply and all DLL power supplies

(v) Turn off all DPLL power supplies

(vi) Turn off all 1.2-V IO power supplies

(vii) Turn off all 1.8-V 10 power supplies
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Figure 3-9 shows both power-down sequences: one of them is described in black color, and the other one
in dashed blue color.

sys_nrespwron I

vdda_dsi1, vdda_dsi2, vdda_csi2x,
vdda_hdmi_vdac, vdda_usbaOotg_3p3v, \ ________ ™
vdda_usbaOotg_1p8v, vdds_usim,
vdds_sdmmc1

___________ N\
vdd_iva_audio \ \
vdd_mpu \ ______________ _\\
vdd_core, vdda_dllo_lpddr2x, ... | _
vdda_dll1_lpddr2x \ _\\
vdda_dpll_mpu, vdda_dpll_core_audio, .
vdda_dpll_iva_per \ _\\

vdds_1p2v, vdds_dv_xxx@1.2v,

vdda_ldo_emu_wkup, vddg_lpddr2, se—— e - i — — — — —— — — — — —— ——— - -
vddca_lpddr2, vddqg_vref_Ipddr2x \

vddca_vref_|pddr2x

vdds_1p8v, vdds_1p8_fref, vdds_dv_xxx \ —————————————————————————— -/
@1.8v, vdda_ldo_sram_xxx, vdda_bdgp_ubb A
sys_32K _/_\_/_\_/_\
fref_slicer_in or fref_xtal_in nﬂﬂ“ﬂﬂﬂﬂﬂﬂm]ﬂ"ﬂ"ﬂ"
SWPS041-003
Figure 3-9. Power-Down Sequence
NOTE
sys_32k can be turned off any time between sys_nrespwron assertion and vdds_1p8v
shutdown.
fref_slicer_in or fref_xtal_in can be turned off any time between sys_nrespwron assertion and
vdds_1p8v shutdown.
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4 Clock Specifications

NOTE
For more information, see Power Reset and Clock Management / PRCM Environment /
External Clock Signal and Power Reset / PRCM Functional Description / PRCM Clock
Manager Functional Description section of the OMAP4430 TRM.

The OMAP4430 device operation requires the following input clocks: 32-kHz clock (sys_32k) and either
slicer clock (fref_slicer_in) or crystal clock (fref xtal_in / fref_xtal_out). fref slicer_in and fref xtal_in /
fref_xtal_out at the same time is not a possible configuration. Here is the description of the three input
clocks:

* The sys_32k input clock (32-kHz) is used for low frequency operation. It supplies the wake-up domain
for operation in lowest power mode (off mode) and the clock source for the DPLL audio back-end
DPLL.

* The fref_xtal_in input clock (12, 13, 16.8, 19.2, 26, or 38.4 MHz) is used as a system input clock to
generate the source clock of the OMAP4430 device. It supplies the DPLLs as well as several OMAP
modules. The system input clock can be connected to either:

— A crystal oscillator clock (12-MHz, 13-MHz, 16.8-MHz, 19.2-MHz) managed by fref xtal in and
fref_xtal_out. In this case, the fref_clk_ioreq is used as an input (GPIN).

— A CMOS digital clock through the fref_xtal_in pin. In this case, the fref clk_ioreq is used as an
output to request the external system clock.

— In these two cases, the fref _slicer_in input can be used to provide the OMAP4430 device with an
alternate input clock up to 38.4 MHz (for example, for the 27-MHz VENC clock).

» The fref_slicer_in input clock (12-MHz, 13-MHz, 16.8-MHz, 19.2-MHz, 26-MHz, and 38.4-MHz) is also
used as a system input clock to generate the source clock of the OMAP4430 device. It supplies the
DPLLs as well as several OMAP4430 modules. The system input clock can be connected to either:

— A single-ended sine clock, through the fref_slicer_in pin, which is converted by the internal slicer to
a digital square clock. In this case, the fref_clk _ioreq is used an output to request the external
system clock.

— A CMOS digital clock through the fref_slicer_in pin. In this case, the fref_clk_ioreq is used as an
output to request the external system clock.

— In these two cases, the fref xtal_in input can be used to provide the OMAP4430 device with an
alternate input clock up to 100 MHz (for example, for the 54-MHz VENC clock).

The OMAP4430 outputs externally six clocks:

« fref_clkl_out is specially targeted for the primary camera sensor functional input clock.

« fref_clk2_out is for the secondary camera sensor functional input clock.

« fref_clkO_out, fref_clk3_out, fref _clk4_out, and fref_clk5_out are also available to supply input clocks
for the other peripherals.

After the reset sequence, fref _clk4_out output clock is activated by default whatever the request level from
fref_clk4_req signal. fref_clk5_out output clock is active only if fref_clk4_out output clock is deactivated (no
request from fref_clk4_req signal). fref_clk1_out and fref_clk2_out output clocks are not always-on clocks.

Figure 4-1 shows the external input clock sources and the output clocks to peripherals.
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OMAP4430

sys 32k L

fref_xtal_in [
fref_xtal_out [
fref_clk_io_req [

fref_slicer_in [

fref_clk0_out [

fref_clk1_out [
fref_clk2_out [
fref_clk3_out [
fref_clk4_out(2) C
fref_clk5_out(3) C

4
fref_cl ky_req( ) C

J¢&—— From Power IC

From quartz (for system input clock: 12, 13, 16.8, 19.2 MHZ) or from
Je—— square clock source (for system input clock: 12, 13, 16.8, 19.2,
38.4 MHz or for alternate input clock up to 100 MHz)

1——» To Quartz (Oscillator output)

T« N Clock Request. To external sine or square Clock Source
(fref_xtal_in or fref_slicer_in) or from Peripherals (fref_clk0_out)

From single-ended sine clock source or from square clock source
Jle——— (for system input clock: 12, 13, 16.8, 19.2, 26, 38.4 MHz or for
alternate input clock up to 38.4 MHz)

] ) Other peripheral: fref_xtalin_in frequencies with [1:16]
possible divider or fref_slicer_in with [1:16] possible divider.

Primary camera sensor peripheral: fref_xtalin_in frequencies

Secondary camera sensor peripheral: fref_xtalin_in
1 > frequencies with [1:16] possible divider or fref_slicer_in with
[1:16] possible divider.

1 > Other peripheral: fref_xtalin_in frequencies with [1:16]
possible divider or fref_slicer_in with [1:16] possible divider.

] ) Other peripheral: fref_xtalin_in frequencies with [1:16]
possible divider or fref_slicer_in with [1:16] possible divider.

] > Other peripheral: fref_xtalin_in frequencies with [1:16]
possible divider or fref_slicer_in with [1:16] possible divider

l&——— Clock Request from Peripherals

fref_xtal_out

fref_xtal_out

1 ) with [1:16] possible divider or fref_slicer_in with [1:16] possible divider.

-
P Unconnected
Oscillator J— Oscillator
is used fref_xtal_in :|—|— is bypassed fref xtal_in
D (] Square
fref_clk_io_req fref_clk_io_req Clock
SEaSS ; — Source
< {J¢—— GPin ] »
| fref_slicer_in Single-ended . fref_slicer_in n
Slicer b Sine Clock Source s bS“Zes':sed Square
is used fref_clk_io_req or yp ) Clock
> Square Clock Source (not recommended)) fref_clk_io_req > ) Source

SWPS040-153

Figure 4-1. Clock Interface®@®®©)

(1) After the reset sequence, fref_clk4_out output clock is activated by default whatever the request level from fref_clk4_req signal.
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@

(©)
4)

©)
4.1

4.1.

fref_clk5_out output clock is active only if fref_clk4_out output clock is deactivated (no request from fref_clk4_req signal). fref_clk4_out
on by default at system boot.

fref_clk1_out and fref_clk2_out output clocks are not Always-On clocks.

In fref_clky_req, y = [4;0]. fref_clk[1:5]_req: fref_clkx_req is clock request associated by default to fref_clkx_out. Can be associated to
any fref_clk[1:5]_out by software.

When an oscillator is used, fref_clk_ioreq is associated by default to fref_clkO_out.
Input Clock Specifications

1 Input Clock Requirements

Table 4-1 illustrates the requirements to supply an input clock to the device.

Table 4-1. Input Clock Requirements®

PAD CLOCK FREQUENCY STABILITY DUTY CYCLE JITTER TRANSITION
sys_32k 32.768-kHz + 200 ppm See ® See ©® <30ns
fref_xtal_in 12-, 13-, 16.8-, or 19.2-MHz Crystal Clock + 50 (+5) NA NA NA
fref_xtal_out ppm®

12-, 13-, 16.8-, 19.2-, 26-, or Square Clock + 50 (£5) 45% to 55% 1% * <5ns
38.4-MHz ppm® teexrauny ) (pS)
* Xdiv® —
257.9468 (ps)
fref_slicer_in | 12-, 13-, 16.8-, Active Mode Single-ended + 50 (£5) 38.5% to 1% * NA
fref_clko_out | 19.2-, 26-, or Sine clock ppm® 61.5% te(sLicer)
38.4-MHz (ps) * Xdivid —
300 ps
Square Clock + 50 (£5) 45% to 55% 1% * <10 ns
m® t @
pp ¢(SLICER)
(ps) * Xdivi® —
265.7864 (ps)
Bypass Mode | Square Clock + 50 (£5) 47% to 53% 1% * <10 ns
m® t @
pp ¢(SLICER)
(ps) * Xdivid —
265.7864 (ps)

@

@

®
4)

(®)

In Xdiv, Xdiv represents the internal DSS DPLLs dividers. [texrauny (PS) * Xdiv] or [tesiicery (PS) * Xdiv] represents the input clock cycle
coming to the DSS DPLLs (that means after dividing). For the other internal DPLLs, the Xdiv value is equal to 1.

Note that this input jitter limitation comes from the DPLL constraint shifted at ball level. To t clarify this formula, please consider a
maximum jitter of 1% of the clock period coming to the internal DPLL (input DPLL).

For more information, see the Power, Reset and Clock Management / Clock Management Functional Description / Internal Clock
Sources/Generators / PRM Clock Source section of the OMAP4430 TRM.

te(sLicer) is the fref_slicer_in cycle time of the clock coming to fref_slicer_in ball.
texTaLIN) iS the fref_xtal_in cycle time of the clock coming to fref_xtalin_in ball.

+50 ppm is the clock frequency stability/accuracy and £5 ppm takes into account the aging effects.

In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

sys_32k is a slow clock that means with no stringent duty cycle and jitter requirements. Otherwise, based on the DPLL requirements,
you can consider a maximum input duty cycle of [40% to 60%] of the clock period and a maximum jitter at DPLL input of 1% of the clock
period coming to the DPLL.

4.1.2 sys_32k CMOS Input Clock
Table 4-2 summarizes the electrical characteristics of the sys 32k input clock.
Table 4-2. sys_32k Input Clock Electrical Characteristics

NAME DESCRIPTION MmN | tve | max UNIT
f Frequency, sys_32k 32.768 kHz
G Input capacitance 1.3 pF
R; Input resistance 3 10 GQ
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Table 4-3 details the input requirements of the sys_32k input clock.

Table 4-3. sys_32k Input Clock Timing Requirements®®

NAME DESCRIPTION MIN | TYP MAX UNIT
CKO 1/ tea0x) Frequency, sys_32k 32.768 kHz
tr@2k) Rise time, sys_32k 30 ns
tr(32K) Fall time, sys_32k 30 ns
ti32K) Frequency stability, sys_32k 200 ppm

(1) See Table 3-20, System DC Electrical Characteristics, SYS (clk32k ...) part for sys_32k V\y/V,_parameters.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

b——————cko—————| ——CcKt——sp——CcK1——]

SWPS039-005

sys_32k
Figure 4-2. sys_32k Input Clock

4.1.3 fref xtalin CMOS Input Clock

4.1.3.1 fref_xtal_in /fref_xtal_out External Crystal

An external crystal is connected to the device pins. Figure 4-3 describes the crystal implementation.

OMAP4430 device

fref_xtal_in fref_xtal_vssosc fref xtal_out

< <

’—C|f1 Cf|2—0
)

Crystal

SWPS040-148

Figure 4-3. Crystal Implementation®

(1) When the oscillator is bypassed, the fref_xtal_in ball is connected to a square clock source, the fref_xtal_out ball is not connected and
the fref_xtal_vssosc ball is connected to the ground.
When the oscillator is not used, the fref_xtal_in and fref_xtal_out balls can be connected to the ground, or not connected and the
fref_xtal_vssosc ball is connected to the ground.

The crystal must be in the fundamental mode of operation and parallel resonant. Table 4-4 summarizes
the required electrical constraints.

Table 4-4. Crystal Electrical Characteristics®

NAME DESCRIPTION MIN TYP MAX UNIT
fy Parallel resonance crystal frequency 12, 13, 16.8, or 19.2 MHz
Ciy Cs; load capacitance for crystal parallel resonance with C¢; = Cyp 12 24 pF
Cio Ct, load capacitance for crystal parallel resonance with C¢; = Cyp 12 24 pF
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Table 4-4. Crystal Electrical Characteristics® (continued)

NAME DESCRIPTION MIN TYP MAX UNIT
ESR(Cfl,sz)(l) Frequency 12 MHz, Negative resistor at nominal 500 Q, Negative 100 Q
resistor at worst case 300 Q
Frequency 13 MHz, Negative resistor at nominal 400 Q, Negative 80
resistor at worst case 240 Q
Frequency 16.8 MHz and 19.2 MHz, Negative resistor at nominal 60
300 Q, Negative resistor at worst case 180 Q
Co Crystal shunt capacitance 4.5 pF
Lm Crystal motional inductance for f, = 12 MHz 16 mH
m Crystal motional capacitance 10.87 fF
DL Crystal drive level 0.5 mw

(1) Measured with the load capacitance specified by the crystal manufacturer. This load is defined by the foot capacitances tied in series. If
C. = 20 pF, then both foot capacitors will be Cs; = Cs, = 40 pF. Parasitic capacitance from package and board must also be taken in
account.

(2) The crystal motional resistance R, is related to the equivalent series resistance (ESR) by the following formula:
ESR =Rp* (1 +(Co*Cp * Crp / (Cry + Cp)))>.

When selecting a crystal, the system design must take into account the temperature and aging
characteristics of a crystal versus the user environment and expected lifetime of the system.

Table 4-5 details the switching characteristics of the oscillator and the requirements of the input clock.

Table 4-5. Oscillator Switching Characteristics—Crystal Mode

NAME DESCRIPTION MIN | TYP | MAX UNIT
fo Oscillation frequency 12, 13, 16.8, or 19.2 MHz
tex Start-up time®® | | 1.2 ms

(1) Start-up time is defined as the time the oscillator takes to gain fref_xtal_in amplitude enough to have 45% to 55% duty cycle at the core
input from the time power down (PWRDN) is released. Start-up time is a strong function of crystal parameters. At power-on reset, the
time is adjustable using the pin itself. The reset must be released when the oscillator or clock source is stable. To switch from bypass
mode to crystal or from crystal mode to bypass mode, there is a waiting time about 100 us; however, if the chip comes from bypass
mode to crystal mode the crystal will start-up after time mentioned in the tsx parameter.

(2) Before the processor boots up and the oscillator is set to bypass mode, there is a waiting time when the internal oscillator is in
application mode and receives a square wave. The switching time in this case is about 100 ps.

4.1.3.2 fref_xtal_in Squarer Input Clock

Table 4-6 summarizes the base oscillator electrical characteristics.

Table 4-6. Oscillator Electrical Characteristics—Bypass Mode

NAME DESCRIPTION MIN | TYP | MAX UNIT
f Frequency 12, 13, 16.8, 19.2, 26, or 38.4 MHz
C Input capacitance 1.00 1.15 1.35 pF
R Input resistance 160 216 280 Q
tex Start-up time® See @ ms

(1) To switch from bypass mode to crystal or from crystal mode to bypass mode, there is a waiting time about 100 ps; however, if the chip
comes from bypass mode to crystal mode the crystal will start-up after time mentioned in Table 4-5, tsx parameter.

(2) Before the processor boots up and the oscillator is set to bypass mode, there is a waiting time when the internal oscillator is in
application mode and receives a square wave. The switching time in this case is about 100 ps.

Table 4-7 details the squarer input clock timing requirements.

Table 4-7. fref_xtal_in Squarer Input Clock Timing Requirements—Bypass Mode®

NAME

DESCRIPTION

MIN

TYP |

MAX

UNIT

0OCS0

1/ t(:(><ta|in)

‘ Frequency, fref_xtal_in

12, 13, 16.8, 19.2, 26, or 38.4

MHz
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Table 4-7. fref_xtal_in Squarer Input Clock Timing Requirements—Bypass Mode® (continued)

NAME DESCRIPTION MIN TYP MAX UNIT
0oCs1 tw(xtalin) Pulse duration, fref_xtal_in low or high 0.45* 0.55 * texTALIN) ns
te(XTALIN)
i(xtalin) Peak-to-peak jitter®, fref xtal_in 1% * teoerauny’™ (pS) * ps
Xdiv® — 257.9468 (ps)
tR(xtalin) Rise time, fref_xtal_in 5 ns
tF(xtalin) Fall time, fref_xtal_in 5 ns
tj(xtalin) Frequency stability, fref_xtal_in 50 (15)(2) ppm

@

Peak-to-peak jitter is meant here as follows:

— The maximum value is the difference between the longest measured clock period and the expected clock period
— The minimum value is the difference between the shortest measured clock period and the expected clock period
Maximum and minimum are obtained on a statistical population of 300 period samples and expressed relative to the expected clock
period.

@
(©)

power supply name, see Table 2-1, POWER [9] column with the ball name.

4)

DPLLs (that means after dividing). For the other internal DPLLs, the Xdiv value is equal to 1.
Note that this input jitter limitation comes from the DPLL constraint shifted at ball level. To clarify this formula, please consider a
maximum jitter of 1% of the clock period coming to the internal DPLL (input DPLL).
For more information, see the Power, Reset and Clock Management / Clock Management Functional Description / Internal Clock
Sources/Generators / PRM Clock Source section of the OMAP4430 TRM.

(5) texTaLiny is the fref_xtal_in cycle time of the clock coming to fref_xtalin_in ball.

—————o0sco———]

fref_xtal_in

Figure 4-4. fref_xtal_in Squarer Input Clock

4.1.4 fref_slicer_in Squarer Input Clock

+50 ppm is the clock frequency stability/accuracy and +5 ppm takes into account the aging effects.
In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS

In Xdiv, Xdiv represents the internal DSS DPLLs dividers. [textaLiny (PS) * Xdiv] represents the input clock cycle coming to the DSS

b— 0sC1—»p— 0sC1—|

Table 4-8 summarizes the electrical characteristics of the fref_slicer_in input clock.

Table 4-8. fref_slicer_in Input Clock Electrical Characteristics

SWPS039-007

NAME DESCRIPTION MIN | TYP | MAX UNIT
f Frequency, fref_slicer_in 12, 13, 16.8, 19.2, 26, and 38.4 MHz
Ci Input capacitance 25 pF
R; Input resistance 14 29 kQ
Table 4-9 details the input requirements of the fref_slicer_in input clock.
Table 4-9. fref_slicer_in Input Clock Timing Requirements—Bypass Mode®®
NAME DESCRIPTION MIN ‘ TYP | MAX UNIT
SLCO 1/ teqtret slicer in) Frequency, fref_slicer_in 12, 13, 16.8, 19.2, 26, and 38.4 MHz
SLC1 twtret_slicer_in) Pulse duration, fref_slicer_in low Active mode 0.45* 0.55 * te(sLIcER) ns
or high Square clock te(SLICER)
Bypass mode 0.47 * 0.53 * te(sLiceR)
Square clock te(sLICER)

tj(fref_'slicer_in)

Peak-to-peak jitter®, fref_slicer_in

Active mode
Square clock

(ps)

1% * t?gucaa)(“) (ps) ps
* Xdiv® — 265.7864

Bypass mode
Square clock

* Xdi

(ps)

1% * tysicer)™ (ps)
\t/?g — 265.7864
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Table 4-9. fref_slicer_in Input Clock Timing Requirements—Bypass ModeY® (continued)

NAME DESCRIPTION MIN TYP MAX UNIT
tR(fret slicer in) Rise time, fref_slicer_in 15 10 ns
tr(tret_slicer in) Fall time, fref_slicer_in 15 10 ns
(ret_slicer in) Frequency stability, fref_slicer_in 50 (+5)©) ppm

(1) See Table 3-20, System DC Electrical Characteristics, SYS (fref_slicer_in) part for fref_slicer_in V|y/V,_ parameters
(2) Peak-to-peak jitter is meant here as follows:

— The maximum value is the difference between the longest measured clock period and the expected clock period

— The minimum value is the difference between the shortest measured clock period and the expected clock period

Maximum and minimum are obtained on a statistical population of 300 period samples and expressed relative to the expected clock
period.

(3) In Xdiv, Xdiv represents the internal DSS DPLLs dividers. [tesiicer) (PS) * Xdiv] represents the input clock cycle coming to the DSS
DPLLs (that means after dividing). For the other internal DPLLs, the Xdiv value is equal to 1.
Note that this input jitter limitation comes from the DPLL constraint shifted at ball level. To clarify this formula, please consider a
maximum jitter of 1% of the clock period coming to the internal DPLL (input DPLL).
For more information, see the Power, Reset and Clock Management / Clock Management Functional Description / Internal Clock
Sources/Generators / PRM Clock Source section of the OMAP4430 TRM.

(4) tysuicer) is the fref_slicer_in cycle time of the clock coming to fref_slicer_in ball.
(5) +50 ppm is the clock frequency stability/accuracy and +5 ppm takes into account the aging effects.

(6) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

Table 4-10. fref_slicer_in Input Single-ended Sine Clock Timing Requirements®

NAME DESCRIPTION MIN ‘ TYP | MAX UNIT
SLCO 1/ e(tret slicer in) Frequency, fref_slicer_in 12, 16.8, 19.2, 26, and 38.4 MHz
SLC1 tw(tret_slicer_in) Pulse duration, fref_slicer_in low or high 0.385 * 0.615 * tysLiceR) ns

te(SLICER)
Gctref_slicer_in) Peak-to-peak jitter®, fref_slicer_in 1% * tcE%uCER)(“) (ps) * ps
Xdiv™ — 300 (ps)
iiref_slicer in) Frequency stability, fref_slicer_in 50 (+5)® ppm

(1) See Table 3-5, DC Electrical Characteristics, SYS (clk_slicer_in) part for fref_slicer_in V|u/V,_parameters
(2) Peak-to-peak jitter is meant here as follows:

— The maximum value is the difference between the longest measured clock period and the expected clock period

— The minimum value is the difference between the shortest measured clock period and the expected clock period

Maximum and minimum are obtained on a statistical population of 300 period samples and expressed relative to the expected clock
period.

(3) In Xdiv, Xdiv represents the internal DSS DPLLs dividers. [tysiicer) (PS) * Xdiv] represents the input clock cycle coming to the DSS
DPLLs (that means after dividing). For the other internal DPLLs, the Xdiv value is equal to 1.
For more information, see the Power, Reset and Clock Management / Clock Management Functional Description / Internal Clock
Sources/Generators / PRM Clock Source section of the OMAP4430 TRM.

(4) tgsuicer) is the fref_slicer_in cycle time of the clock coming to fref_slicer_in ball.
(5) +50 ppm is the clock frequency stability/accuracy and +5 ppm takes into account the aging effects.

—————stco——— b——sLct—sp——sLC1—|

SWPS039-008

fref_slicer_in

Figure 4-5. fref_slicer_in Input Clock
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4.2

Output Clocks Specifications

4.2.1 FREF Output Clocks

Table 4-11 summarizes the electrical characteristics of the fref clkl_out output clock (specially targeted
for the primary camera sensor functional input clock), fref clk2 out output clock (targeted for the

secondary camera sensor functional

input clock), and fref clkO out, fref clk3 out,

fref_clk5_out output clocks (input clocks for the other peripherals).

Table 4-11. fref_clkx_out Output Clock Electrical Characteristics®®)

fref_clk4_out,

NAME DESCRIPTION MIN | TYP MAX UNIT
f Frequency, fref_clkx_out fref_xtal_in clock frequency(z) or fref_slicer_in clock MHz
frequency®

MB[0:1] =11

LBO=1

CL Load capacitance (Transmission line load + Far 20 25 pF
end load)

Z7 Transmission line impedance 30 60 Q

Lt Transmission line length NA 10 cm

Dt Transmission line delay time NA 670 ps

LBO=0

C. Load capacitance (Transmission line load + Far 14 17 pF
end load)

Z7 Transmission line impedance 30 60 Q

Lt Transmission line length NA 5 cm

Dt Transmission line delay time NA 335 ps

MB[0:1] = 01

LBO=1

CL Load capacitance (Transmission line load + Far 23 28 pF
end load)

Z7 Transmission line impedance 30 55 Q

Lt Transmission line length NA 125 cm

Dt Transmission line delay time NA 838 ps

LBO=0

C. Load capacitance (Transmission line load + Far 2 11 pF
end load)

Z7 Transmission line impedance 30 60 Q

Lt Transmission line length NA 8 cm

Dt Transmission line delay time NA 536 ps

(1) Infref_clkx_out,x=0,1,2,3,4,0r5
(2) Possible clock divisions: [1 to 16]
(3) The modes are configured by 3 bits MB[0:1] and LBO of the 10 cell. For more details, see the OMAP4430 TRM.

Table 4-12 details the fref clkO_out, fref_clkl_out, fref clk2_out, fref_clk3_out, fref _clk4_out, and
fref_clk5_out output clock switching characteristics.

Table 4-12. fref_clkx_out Output Clock Switching Characteristics®®)

NAME DESCRIPTION MIN | TYP MAX UNIT
f Frequency, fref_clkx_out fref_xtal_in clock frequency® or fref_slicer_in clock MHz
frequency® or Per/Core DPLL frequency®
FREFO te(ckouT) Period, fref_clkx_out fref_xtal_in clock period or ns
fref_slicer_in clock period or
Per/Core DPLL period
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Table 4-12. fref_clkx_out Output Clock Switching Characteristics®® (continued)

NAME DESCRIPTION MIN TYP MAX UNIT
t Peak-to-Peak | From fref_xtal_in ty(iret xtal_in)">) + 400 ps
jitter, Core DPLL or Per DPLL ps
fref_clkx_out bypassed
From fref_xtal_in ty(fref_xtal iIr])(9) + 340
Core DPLL or Per DPLL " ps
used
From fref_slicer_in tJ(fref_incer_in)(g) +
Core DPLL or Per DPLL 440 ps
bypassed
From fref_slicer_in tJ(fref_incer_in)(g) +
Core DPLL or Per DPLL 310 ps
used
Stability, fref_clkx_out 50 (¢5)©® ppm
FREF1 twekouTy) | Pulse duration, | Divider) | From 0.50 * toiekoyta) + ns
fref_clkx_out value is | fref xtal_in [tacrref xtal_in) +
low or high even Core DPLL or 400 ps]
Per DPLL
bypassed
From 0.50 * tc(cIkOUgl) +
fref_xtal_in [tactref_xtal_in) " +
Core DPLL or 340 ps]
Per DPLL
used
From _ 0.50 * te(cikoyry) +
fref_slicer_in [tactref_xtal_in) +
Core DPLL or 440 ps]
Per DPLL
bypassed
From 0.50 * te(eikoyry) +
fref_slicer_in [tactref_xtal_in) +
Core DPLL or 310 ps]
Per DPLL
used
Divider?) | From (divider) — 1) /
value is | fref xtal_in (2*divider()
odd Core DPLL or te(cikouT) *
Per DPLL ta(fref_xtal_in) 9 +
bypassed 400 ps]
From (divider® — 1) /
fref_xtal_in (2*divider(M) *
Core DPLL or te(clkouTa) 9+
Per DPLL [tatret xtal_in) +
used 340 ps]
From (divider® — 1) /
fref_slicer_in (2*divider(M) *
Core DPLL or te(cikouT) *
Per DPLL [tatret xtal_in) +
bypassed 440 ps]
From (divider® — 1) /
fref_slicer_in (2*divider(M) *
Core DPLL or te(clkouTa) 9+
Per DPLL ta(fref_xtal_in) ) +
used 310 ps]
MB[0:1] = 11
LBO=1
trekouTyy | Rise time, fref_clkx_out 20 10.0¥ ns
trekouts) | Fall time, fref_clkx_out 20 10.0¥ ns
LBO=0
trekouTyy | Rise time fref_clkx_out 1.500 6.7¥ ns
tr@kours) | Fall time, fref_clkx_out 1.500 6.7¥ ns
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Table 4-12. fref_clkx_out Output Clock Switching Characteristics®® (continued)

NAME | DESCRIPTION | MIN TYP | MAX | uNIT
MB[0:1] = 01
LBO=1
trekouTyy | Rise time, fref_clkx_out 2.2 14.34 ns
trekouts) | Fall time, fref_clkx_out 2.2 14.34 ns
LBO=0
trekouTyy | Rise time, fref_clkx_out 0.7 10.44 ns
tr@kours) | Fall time, fref_clkx_out 0.7 10.44 ns

(1) Infref clkx_out,x=0,1,2,3,4,0r5
(2) Possible clock divisions: [1 to 16]
(3) At minimum load

(4) At maximum load (maximum frequency: 104 MHz)

(5) Caution: this creates EMI parasitics up to 1.2 ns.

(6) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(7) FREF1 pulse duration varies depending on divider configured in AUXCLK][0:5] register, CLKDIV bitfield.

(8) +50 ppm is the clock frequency stability/accuracy and +5 ppm takes into account the aging effects.
(9) tygiret_xtal_in) OF tytret_siicer_in) COrresponds to the external jitter coming to the fref_xtal_in or fref_slicer_in input PAD.

b FREFO—————»

fref_clkx_out

Figure 4-6. fref_clkx_out Output Clocks®

(1) Infref_clkx_out,x=0,1,2,3,4,0r5

4.3 DPLLs, DLLs Specifications

For more information, see:

Power, Reset and Clock Management / Clock Management Functional / Internal Clock
Sources/Generators / Generic DPLL Overview section

and

NOTE

Display Subsystem / Display Subsystem Overview section of the OMAP4430 ES2.x

TRM.

- FREF1H|H FREF1—]

SWPS039-009

The applicative subsystem integrates nine DPLLs and four DLLs. The PRM and CM drive six of them,
while the display subsystem controls three other DPLLs (DSI1 DPLL, DSI2 DPLL, and HDMI DPLL).

The six main DPLLs are:
DPLL1 (MPU)
DPLL2 (IVA)

DPLL3 (CORE)
DPLL4 (PER)

DPLL5 (ABE)

DPLL6 (USB)
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NOTE

Of the nine DPLLs embedded in the OMAP4430 device, the DSI1 DPLL, DSI2 DPLL, and
HDMI DPLL are controlled directly by the display subsystem.

4.3.1 DPLLs Characteristics

Table 4-13 and Table 4-14 summarize the DPLL characteristics and assume testing over recommended
operating conditions.

Table 4-13. DPLL1 /DPLL2 /DPLL3/DPLL4 /DPLL5/DSI1 DPLL / DSI2 DPLL Characteristics

relock bypass)

NAME DESCRIPTION MIN TYP MAX UNIT COMMENTS
vdda_dpll_iva_per Supply voltage for DPLLs (IVA 1.71 1.80 1.89 \%
and PER)
vdda_dpll_mpu Supply voltage for DPLL MPU 1.71 1.80 1.89 \%
vdda_dpll_core_audio | Supply voltage for DPLLs (CORE 1.71 1.80 1.89 \%
and AUDIO)
vdda_dsil Supply voltage for DSI1 DPLL 1.71 1.80 1.89 \%
vdda_dsi2 Supply voltage for DSI2 DPLL 1.71 1.80 1.89 \%
finput CLKINP input frequency 0.032 52 MHz FINP
frRer Internal reference clock 0.032 52 MHz REFCLK
frequency
feLKINPHIE CLKINPHIF input frequency 10 1000 MHz FINPHIF
feLkinpPULOW CLKINPULOW input frequency 0.001 800 MHz
foLkouT CLKOUT output frequency 10® 1000@ MHz  [[M/ (N +1)] * FINP *
[1/M2]
foLKOUTR2 CLKOUTX2 output frequency 200 2000 MHz |2*[M/(N+1)]*
FINP * [1/ M2]
foLKOUTHIF CLKOUTHIF output frequency 100 10004 MHz | FINPHIF / M3
201 2000¢) 2+%[M/(N+1)]*
FINP * [1/ M3]
fcLkpcoLpo Digital controlled oscillator (DCO) 20 2000 MHz 2*M/(N+21)]*
output clock frequency FINP
CLKOUT period jitter -2.5% 2.5% The period jitter at the
I~ P o output clocks is
CLKOUTX2 period jitter 2.5% 2.5% £2.5% peak to peak
CLKOUTHIF period jitter -2.5% 2.5% for REFCLK above or
CLKDCOLDO period it ~2.5% 2.5% equal to 1 MHz.
period jitter ° ° If REFCLK < 1 MHz,
the output jitter is up
to £3%.
tiock Frequency lock time 1.9 + 350 * REFCLK us
Plock Phase lock time 1.9 + 500 * REFCLK us
trelock-L Relock time—Frequency lock® 1.9 + 70 * REFCLK us DPLL in low-power
(Low power bypass) mode:
lowcurrstdby = 1
Prelock-L Relock time—Phase lock® (Low 1.9 + 120 * REFCLK us DPLL in low-power
power bypass) mode:
lowcurrstdby = 1
trelock-F Relock time—Frequency lock® 0.05 + 70 * REFCLK us DPLL in normal
(Fast relock bypass) mode:
lowcurrstdby = 0
Prelock-F Relock time—Phase lock® (Fast 0.05 + 120 * REFCLK us DPLL in normal

mode:
lowcurrstdby = 0
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(1) The minimum frequencies on CLKOUT and CLKOUTX2 are assuming M2 = 1.
For M2 > 1, the minimum frequency on these clocks will further scale down by factor of M2.

@
@)

4
®)

The maximum frequencies on CLKOUT and CLKOUTX2 are assuming M2 = 1.

Relock time assumes typical operating conditions, 10°C maximum temperature drift.

Table 4-14. DPLL6/HDMI DPLL Characteristics

The minimum frequency on CLKOUTHIF is assuming M3 = 1. For M3 > 1, the minimum frequency on this clock will further scale down
by factor of M3.

The maximum frequency on CLKOUTHIF is assuming M3 = 1.

NAME DESCRIPTION MIN TYP MAX UNIT COMMENTS
vdda_usbaOotg_1p | Supply voltage for USB DPLL 1.71 1.8 1.89 \%
8v
vdda_hdmi_vdac Supply voltage for HDMI DPLL 1.71 1.8 1.89 \%
finput Input clock frequency 0.5 60 MHz | FINP
frer Internal reference clock 0.5 2.5 MHz |REFCLK=[1/(N+1)]*
frequency FINP
feLkINPULOW CLKINPULOW bypass input 0.001 800 MHz | Bypass mode (supported by
clock frequency DPLL6):
feLkout = fewkinpuLow
foLKOUTLDO CLKOUTLDO output clock 500 2000 MHz [[M/(N+ 1)]* FINP * [1/ M2]
frequency
foLkouT CLKOUT output clock 500 2000 MHz |[M/ (N +1)] * FINP * [1/ M2]
frequency
fcLkpcoLpo Digital controlled oscillator 500 2000 MHz |[[M/ (N + 1)] * FINP
(DCO) output clock frequency
CLKOUT period jitter -2.5% 2.5% The period jitter at the output
CLKDCOLDO period jtter —2.5% 2.5% clocks is +2.5% peak to peak
tiock Frequency lock time 350 * REFCLKs us
Plock Phase lock time 500 * REFCLKs us
trelock.L Relock time—Frequency lock® 7.5 + 30 * REFCLKs us
(Low power bypass)
Prelock-L Relock time—Phase lock®) 7.5 + 125 * REFCLKs us
(Low power bypass)

(1) The minimum frequency on this clock is assuming M2 = 1.
For M2 > 1, the minimum frequency on this clock will further scale down to 10 MHz by factor of M2.

(2) The maximum frequency on this clock is assuming M2 = 1.

(3) Relock time assumes typical operating conditions, 10°C maximum temperature drift.
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4.3.2 DLLs Characteristics

Table 4-15 summarizes the DLL characteristics and assumes testing over recommended operating

conditions.
Table 4-15. DLL Characteristics

NAME DESCRIPTION MIN TYP MAX UNIT
vdda_dIl0_lpddr21 LPDDR21 power supply providing clocks to bytes 0 and 2 See @ Y
vdda_dll1_lpddr21 LPDDR21 power supply providing clocks to bytes 1 and 3 See @ Y
vdda_dIl0_lpddr22 LPDDR22 power supply providing clocks to bytes 0 and 2 See @ Y
vdda_dll1_lpddr22 LPDDR22 power supply providing clocks to bytes 1 and 3 See @ Y
finput Input clock frequency™ 48 400 MHz
tiock Lock time 400 cycles
trelock Relock time (a change of the DLL frequency implies that DLL 400 cycles

must relock)

(1) Maximum frequency for minimal conditions

(2) The DLL power supplies (vdda_dIlO_lpddr21, vdda_dIl0_Ipddr22, vdda_dll1_lpddr21, vdda_dll1_Ipddr22) voltage ranges follow the
vdd_core voltage ones. They can be shorted with vdd_core. See the operating condition addendum for values. OPP voltage values may
change following the silicon characterization result.

4.3.3 DPLLs and DLLs Noise Isolation

NOTE
For more information on DPLLs and DLLs decoupling capacitors requirements, see
Section 3.4.1.3, Analog Voltage Decoupling.

4.4 Internal 32-kHz Oscillator

An internal 32-kHz oscillator is implemented in the wake-up domain. Table 4-16 gives the internal 32-kHz
oscillator characteristic.

Table 4-16. Internal 32-kHz Oscillator Characteristic

PARAMETER MIN TYP MAX UNIT
Internal 32-kHz oscillator frequency 16 32 60 kHz
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5 Video DAC Specifications

NOTE
For more information regarding the VideoDAC architecture, see the Display Subsystem /
Video Encoder / Video Encoder Functional Description / Video DAC section of the
OMAP4430 TRM.

5.1 TVOUT Buffer Mode (DAC + Buffer)

The connection for this TVOUT Buffer Mode (DAC + Buffer) normal mode of operation is shown in
Figure 5-1. The default mode of operation is dc coupling. For more information regarding the
recommended values of the external components, see Section 5.3, Electrical Specifications Over
Recommended Operating Conditions.

vssa_hdmi_vdac
vdda_hdmi_vdac

cvideo_vfb

cvideo_rset

RSET

Device

B = External pin

SWPS040-123

Figure 5-1. Recommended Loading Conditions for TVOUT Buffer Mode

5.2 TVOUT Bypass Mode (DAC Only)

In this case, TVOUT bypass input is high and the TVOUT buffer is bypassed (for more information, see
Section 5.4, TVOUT Bypass Mode Specifications (DAC-Only) Electrical Specifications Over
Recommended Operating Conditions). Figure 5-2 shows the connection. For more information regarding
the recommended values of the external components, see Section 5.3, Electrical Specifications Over
Recommended Operating Conditions.
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5.3

Electrical Specifications Over Recommended Operating Conditions
*  TVOUT dc high swing mode:

*  TVOUT ac high swing mode:

AVDAC

| DAC

M = External pin

RSET

vssa_hdmi_vdac
vdda_hdmi_vdac
cvideo_tvout

cvideo_vfb
RLOAD

_ cvideo_rset

SWPS040-124

Figure 5-2. Recommended Loading Conditions for TVOUT Bypass Mode

Rour = 2.7 kQ (£1%)
Regr = 4.7 KQ (219%)
Rioap = 75 Q (25%)
ZcppLe = 75 Q (£5%)

Rour = 2.7 kQ (£1%)
Regr = 4.7 KQ (219%)
Rioap = 75 Q (25%)

ZcppLe = 75 Q (£5%)
CAC = 220 uF (£5%)

Table 5-1. DAC—Static Electrical Specifications®

PARAMETER

CONDITIONS/ASSUMPTIONS

MIN

TYP

MAX

UNIT

R

Resolution

10

Bits

DC ACCURACY

INL®

Integral nonlinearity (INL)

50 to 111 input code range

signal video range

Integral nonlinearity (INL)

111 to 895 input code range

synchronization pulse

Integral nonlinearity (INL)

783 to 1007 input code range

LSB

DNL®

Differential nonlinearity

111 to 895 input code range

2.5

LSB

ANALOG OUTPUT

Output voltage

0 to 1023 input code range,
Rioap =75Q

13

1.5

Gain error

10

% FS

Rvout

Output impedance

67.5

75

82.5

REFERENCE

VREF

reference

Internal band gap voltage

0.55

POWER CONSUMPTION
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Table 5-1. DAC—Static Electrical Specifications® (continued)

PARAMETER CONDITIONS/ASSUMPTIONS MIN TYP MAX UNIT
lvdda-up Analog DC mode no load | Average current on 4.5 6.5 8.5 mA
supply @ | AC mode no load vdda_hdmi_vdac, no load, 2 _ 19 28 37
current channels Input code 50 (maximum
Full load 75-Q output voltage) 19 28 37
load
lvdda-up (PE@K) Peak analog supply current Lasts less than 1 ns 60 mA
lvdd-up Digital supply current® Average current, measured at 2 mA
fCLK =54 MHz, fOUT = 2 MHz sine
wave, vdd = 1.1V
lvdd-up (Peak) Peak digital supply current® Peak current, full-scale transition 8 mA
lasting less than 1 ns
lvdda-down' Analog supply current, total T = 30°C, vdda_hdmi_vdac = 1.8 V, 12 PA
power down®) no load
Ivdda—sldby(g) Analog supply current, Bandgap and internal LDO are ON, 90 180 270 MA
standby mode® all other analog blocks are OFF, no
load, T = 30°C
vad-down(pm)"> Digital supplx current, total T = 30°C, Full or partial power 6 HA
power down(® management
Ivdd-down(nopm)”) | Digital supply current, total T =30°C, VDD = 1.1 V, no power 60 PA
power down (no power management
management)®

(1) The INL is measured at the output of the DAC (accessible at an external pin during bypass mode). The INL at code 783 equals 0.

(2) The DNL is measured at the output of the DAC (accessible at an external pin during bypass mode). The INL at code 783 equals O.

(3) Reference PSR measures the effect of a supply disturbance at cvideo_tvout.

(4) The analog supply current l,4q4 is directly proportional to the full-scale output current Igs and is insensitive to fc k.

(5) The digital supply current lypp is dependent on the digital input waveform, the DAC update rate fc k, and the digital supply VDD.

(6) The peak digital supply current occurs at full-scale transition for duration less than 1 ns.

(7) See Section 5.5, Analog Supply (vdda_hdmi_vdac) Noise Requirements, for actual maximum ripple allowed on vdda_hdmi_vdac.

(8) For more information on code range definition, see Figure 5-3.

(9) For more information on AVDAC power-up, power-down, and standby mode configurations, see Display Subsystem / Video Encoder /
Video Encoder Functional Description / Video DAC / Video DAC Power Management section of the OMAP4430 TRM.

Table 5-2. Video DAC—Dynamic Electrical Specifications®

PARAMETER CONDITIONS/ASSUMPTIONS MIN TYP MAX UNIT
fo® Output update rate Equal to input clock frequency 54 60 MHz
Clock jitter RMS clock jitter required to assure 10-bit 40 70 ps
accuracy
Attenuation at 5.1 MHz Corner frequency for signal DC mode 15 dB
AC mode
BW Signal bandwidth 3dB DC mode 6 MHz
AC mode
Differential gain® 111 to 895 input code range DC mode 5% 5%
AC mode -5% 5%
Differential phase® 111 to 895 input code range DC mode —3° 3°
AC mode -3° 3°
SFDR Within bandwidth 1 kHz to | fc x = 54 MHz, foyt = 1 MHz, DC mode 40 50 70 dB
6 MHz sine wave input, 111 to 895 input AC mode
code range
SNR Within bandwidth 1 kHz to | fc x = 54 MHz, foyt = 1 MHz, DC mode 50 54 75 dB
6 MHz sine wave input, 256 to 768 input AC mode
code range
PSR Power supply rejection (up | 100 mVpp at 6 MHz, input code 895 6@ dB
to 6 MHz)
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Table 5-2. Video DAC—Dynamic Electrical Specifications® (continued)

PARAMETER CONDITIONS/ASSUMPTIONS MIN TYP MAX UNIT
Crosstalk | Between the two video -50 -40 dB
channels
Cload TVOUT(cvideo_tvout) Total decoupling capacity from cvideo_tvout to 300 pF
stability, TVOUT ground, C, gaqg
decoupling capacity

(1) For internal input clock information, see the Display Subsystem chapter of the OMAP4430 TRM.

(2) The differential gain and phase value is for dc coupling. Note that there is degradation for the ac coupling. The differential gain and
phase are measured with respect to the gain and phase of the burst signal (-20 to 20 IRE).

(3) The SNR value is for dc coupling.

(4) PSR measures the effect of a supply disturbance at cvideo_tvout.

(5) The flat band measurement is done at 500 kHz for characterizing the attenuation at 5.1 MHz.

(6) For more information on code range definition, see Figure 5-3.

Figure 5-3 describes the composite video signal levels.

1.3V,

Exact voltage levels
are subject to changes

In inverting mode (AVDAC_INPUTINV = 1),

input data gets inverted.

Figure 5-3. Composite Video Signal Levels®®

10-bit IRE
TVOUT DAC code units
Normal Iverting
A mode A mode** A
R T 0——1023------- FAC ety
50 —— 973 131—(<¢ Peak level ———— b
1M1 —— 912 120—]
223 —— 800 100—|«¢ White level———»
20_ ..................................
741 —— 282 VA L CCEEELCTEEPPTEEPPPRERPPPRE F ¥ {1 B X | X PR <+ Black |eve
783 —— 240 0— <+— Blanking leve
895 —— 128 B () S Y SN | SN
Y 1&% 1 {,1,6 —40—] /[// < Sync level

SWPS040-125
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(1) The 1.3Vpp (peak-to-peak) is referring to the output signal at cvideo_tvout in the DAC + Buffer composite-video mode. Note that the
1.3Vpp must apply to both cvideo_tvout in DAC + Buffer s-video mode (dual-DAC mode configured for ac or dc coupling). This voltage

peak-to-peak value is subject to change.

(2) For more information related to the AVDAC_INPUTINV register configuration, see the Display Subsystem / Video Encoder / Video
Encoder Functional Description / Video DAC / Video DAC Normal Mode section of the OMAP4430 TRM. In AVDAC bypass mode (DAC
only), higher values of the DAC input code will result in higher output voltage, as the TVOUT buffer path is bypassed.

5.4 TVOUT Bypass Mode Specifications (DAC-Only) Electrical Specifications Over
Recommended Operating Conditions
» 1) Bypass Mode
— Rioap = 1.5 kQ (+1%)
— Rger = 10 KQ (£1%)
Table 5-3. DAC—Static Electrical Specifications—Bypass Mode®
PARAMETER CONDITIONS/ASSUMPTIONS MIN TYP MAX UNIT
R Resolution 10 Bits
DC ACCURACY
INL® Integral nonlinearity (INL) | 37 to 954 input code range, R oap = 1.5 kQ -1 LSB
DNL®W Differential nonlinearity 37 to 954 input code range, R, oap = 1.5 kQ -1 LSB
ANALOG OUTPUT
- Output voltage Rioap = 1.5 kQ 0.60 0.70 0.77 Y
- Output current Rioap = 1.5 kQ 0.60 0.70 0.77 \%
- Gain error - -10 10 % FS
POWER CONSUMPTION
lvdda-up Analog supply current Average current on vdda_hdmi_vdac, 0.7 1.0 14 mA
RiLoap = 1.5 kQ Input code 1023
lvdda-down Analog supply current, total | T = 30°C, vdda_hdmi_vdac = 1.8 V, no load 12 UA
power down
lvdda-stdby Analog supply current, Bandgap and internal LDO are ON, all other 90 180 270 uA
standby mode analog blocks are OFF, no load, T = 30°C
(1) In bypass mode, output node is cvideo_tvout node. For more information, see Section 5.2, TVOUT Bypass Mode (DAC Only).
(2) For more information on code range definition, see Figure 5-3.
Table 5-4. Video DAC—Dynamic Electrical Specifications—Bypass Mode®
PARAMETER CONDITIONS/ASSUMPTIONS MIN TYP MAX UNIT
fok Output update rate Equal to input clock frequency 54 60 MHz
Clock jitter RMS clock jitter required to assure 10-bit 40 70 ps
accuracy
BW Signal bandwidth 3dB 6 MHz
SFDR Within bandwidth 1 kHz to | fc kx = 54 MHz, foyt = 1 MHz, sine wave 40 50 70 dB
6 MHz input, 111 to 895 input code range
SNR Within bandwidth 1 kHz to | fc x = 54 MHz, foyt = 1 MHz, sine wave 50 54 75 dB
6 MHz input, 256 to 768 input code range
PSR Power supply rejection (up | 100 mVpp at 6 MHz, input code 895 6 dB
to 6 MHz)

(1) For more information on code range definition, see Figure 5-3.
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5.5 Analog Supply (vdda_hdmi_vdac) Noise Requirements

To assure 10-bit accuracy of the DAC analog output, the analog supply vdda_hdmi_vdac has to meet the
noise requirements stated in this section.

The DAC power supply rejection ratio is defined as the relative variation of the full-scale output current
divided by the supply variation. Thus, it is expressed in percentage of full-scale range (FSR) per volt of
supply variation as shown in the following equation:

100 - AIOUT

| % FSR
PSRRDAC — VOUTFS |: 4:|
AC

SWPS040-e001

Depending on frequency, the PSRR is defined in Table 5-5.

Table 5-5. Video DAC—Power Supply Rejection Ratio

SUPPLY NOISE FREQUENCY PSRR % FSR/V
0 to 100 kHz 1
> 100 kHz The rejection decreases 20 dB/dec. Example: at 1 MHz the PSRR is 10% of FSR/V

A graphic representation is shown in Figure 5-4.

PSRR (% FSR/V)
A

First pole of
DAC output load
10f=========mmmmm———mmmmmm e

P f
100 kHz 1 MHz
SWPS040-126

Figure 5-4. Video DAC—Power Supply Rejection Ratio

To ensure that the DAC SFDR specification is met, the PSRR values and the clock jitter requirements
translate to the following limits on vdda_hdmi_vdac (for the Video DAC).

The maximum peak-to-peak noise on vdda (ripple) is defined in Table 5-6:

Table 5-6. Video DAC—Maximum Peak-to-Peak Noise on vdda_hdmi_vdac

TONE FREQUENCY MAXIMUM PEAK-TO-PEAK NOISE on vdda_hdmi_vdac
0 to 100 kHz < 30 mVpp
> 100 kHz Decreases 20 dB/dec. Example: at 1 MHz the maximum is 3 mVpp

The maximum noise spectral density (white noise) is defined in Table 5-7:

Table 5-7. Video DAC—Maximum Noise Spectral Density

SUPPLY NOISE BANDWIDTH MAXIMUM SUPPLY NOISE DENSITY
0 to 100 kHz <20 pV / VHz
> 100 kHz Decreases 20 dB/dec. Example: at 1 MHz the maximum noise density is 2 uVv/ VHz
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Because the DAC PSRR deteriorates at a rate of 20 dB/dec after 100 kHz, it is highly recommended to
have vdda_hdmi_vdac low pass filtered (proper decoupling) (see the illustrated application: Section 5.6,
External Component Value Choice).
5.6 External Component Value Choice
The output current Ipacout appearing at the output of the 10-bit DAC is a function of both the input code
DAC_CODE (ranging from 0 to 1023) and Ipacmax @nd can be expressed as:
Ipacout = Irer * (DAC_CODE / 120) (1)
The maximum output current Ipacuax from the DAC is given by:
Ipacmax = Irer * 1023 /120 (2)
The reference current, Irgg, iS set by a combination of internal and external resistors in series, Rggr, and
an internal reference voltage, Vggr, and is given by:
Irer = Vrer / Rrer (3)
Typically, Vger = 0.55 V and Rgegr = 9.4 kQ in TVOUT high-swing mode:
RREF = RINTERNAL + REXTERNAL = RINTERNAL + RSET
In TVOUT h|gh'SW|ng mOde, RlNTERNAL = 4.7 kQ and RSET = 4.7 kQ. In bypaSS mode, RlNTERNAL =0 kQ
and RSET =10 kQ
The video signal voltage at cvideo_tvout node can be written as (excluding the offset voltage):
VrvouT = 35 * Rioap * Ipacmax * (1 — DAC_CODE / 1023) (4)
Figure 5-5 shows the cvideo_tvout transfer function. Regarding the typical composite video signal levels
versus the DAC input code, For more information on code range definition, see Figure 5-3.
Regarding the typical values for Royt and Rgey resistors, as well for Coyr capacitor, for different modes of
the TV display interface, see the Display Subsystem / Video Encoder / Video Encoder Environment
section of the OMAP4430 TRM.
TVOUT
(mV)
A
5
[
2
>
-
8 i
S i
> 1 .
% . . . — 10-Bit DAC Code
0 1023
SWPS040-127
Figure 5-5. cvideo_tvout Transfer Function
NOTE
The dc levels (Vogeeser) Will be shifted due to process variations.
Copyright © 2010-2012, Texas Instruments Incorporated Video DAC Specifications 197

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

I3 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —DECEMBER 2010—-REVISED JANUARY 2012 www.ti.com
6 Timing Requirements and Switching Characteristics
6.1 Timing Test Conditions
All timing requirements and switching characteristics are valid over the recommended operating conditions
unless otherwise specified.
6.2 Interface Clock Specifications
6.2.1 Interface Clock Terminology
The interface clock is used at the system level to sequence the data and/or to control transfers accordingly
with the interface protocol.
6.2.2 Interface Clock Frequency
The two interface clock characteristics are:
* The maximum clock frequency
* The maximum operating frequency
The interface clock frequency documented in this document is the maximum clock frequency, which
corresponds to the maximum frequency programmable on this output clock. This frequency defines the
maximum limit supported by the device IC and doesn’t take into account any system consideration (PCB,
Peripherals).
The system designer will have to consider these system considerations and the device IC timing
characteristics as well to define properly the maximum operating frequency that corresponds to the
maximum frequency supported to transfer the data on this interface.
6.2.3 Clock Jitter Specifications
Jitter is a phase noise, which may alter different characteristics of a clock signal. The jitter specified in this
document is the time difference between the typical cycle period and the actual cycle period affected by
noise sources on the clock. The cycle (or period) jitter terminology will be used to identify this type of jitter.
547 tn—‘1 >:< tn ":< tI'1+1 > :
SWPS039-010
Figure 6-1. Cycle (or Period) Jitter
Jitter values are defined as follows:
* Ideal clock period = t,
+ Maximum Cycle/Period Jitter = Max (|t; — t,|), with i = n—1, n, n+1, ...
+ Minimum Cycle/Period Jitter = Min (|t — t,[)
+ Jitter Standard Deviation (or RMS Jitter) = Standard Deviation (|t; — t,|)
Unless otherwise specified, the jitter probability density can be approximated by a Gaussian function
and peak-to-peak jitter is defined over a +7 sigma distribution of this function.
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6.2.4 Clock Duty Cycle Error

The maximum duty cycle error is the difference between the absolute value of the maximum high-level
pulse duration or the maximum low-level pulse duration and the typical pulse duration value:

* maximum pulse duration = typical pulse duration + maximum duty cycle error

* minimum pulse duration = typical pulse duration — maximum duty cycle error

In this document, the clock duty cycle can be documented as maximum pulse duration or as maximum
duty cycle error. In this case, you can consider:

maximum duty cycle error = maximum [(maximum pulse duration — typical pulse duration) or (typical pulse
duration — minimum pulse duration)]

6.3 Timing Parameters

The timing parameter symbols used in the timing requirements and switching characteristics tables are
created in accordance with JEDEC Standard 100. To shorten the symbols, some of pin names and other
related terminologies have been abbreviated as follows:

Table 6-1. Timing Parameters

SUBSCRIPTS
Symbol Parameter

c Cycle time (period)

d Delay time

dis Disable time

en Enable time

h Hold time

su Setup time

START Start bit

t Transition time

\Y Valid time

w Pulse duration (width)
X Unknown, changing, or don't care level
F Fall time

H High

L Low

R Rise time

\Y Valid

\% Invalid
AE Active Edge

FE First Edge

LE Last Edge

z High impedance

6.4 External Memory Interface

The OMAP4430 includes the following external memory interfaces:
» General-purpose memory controller (GPMC)
» External memory interface controller (EMIF)

Copyright © 2010-2012, Texas Instruments Incorporated Timing Requirements and Switching Characteristics 199
Submit Documentation Feedback
Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

6.4.1 General-Purpose Memory Controller (GPMC)

NOTE
For more information, see the General-Purpose Memory Controller Overview section of the
OMAP4430 TRM.

The GPMC is the OMAP-unified memory controller that interfaces external memory devices such as:
* Asynchronous SRAM-like memories and ASIC devices

* Asynchronous page mode and synchronous burst NOR flash

*  NAND flash

6.4.1.1 GPMC/NOR Flash Interface—Synchronous Mode—100 MHz

Table 6-3 and Table 6-4 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-2 through Figure 6-5).

Table 6-2. GPMC/NOR Flash Timing Conditions—Synchronous Mode—100 MHz®®?)E)

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX
Input Conditions
tr Input signal rise time 0.32 1.02 ns
te Input signal fall time 0.38 1.07 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 4 cm
Characteristics impedance 30 50 Q

(1) 10 settings except gpmc_nwp: LBO = 1.
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.
10 settings for gpmc_nwp: MB[1:0] = 01 and LBO = 0.
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-3. GPMC/NOR Flash Timing Requirements—Synchronous Mode—100 MHz®?

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
F12 tsu(dv-clkH) Setup time, input data gpmc_d[15:0] valid 2.2 12 ns
before output clock gpmc_clk high
F13 th(clkH-dv) Hold time, input data gpmc_d[15:0] valid after 15 15 ns

output clock gpmc_clk high

F21 tsu(waitv-clkH) Setup time, input wait gpmc_waitx® valid 2.2 12 ns
before output clock gpmc_clk high

F22 th(clkH-waitV) Hold time, input wait gpmc_waitx® valid after 15 15 ns
output clock gpmc_clk high
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(1) In gpmc_waitx, x is equal to 0, 1, 2, or 3.
(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-4. GPMC/NOR Flash Switching Characteristics—Synchronous Mode—100 MHz

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FO 1/ tegeiny Frequency™®®, output clock gpme_clk 100 50 MHz
F1 tw(clkH) Typical pulse duration, output clock 0.5 P12 0.5 P12 ns
gpmc_clk high
F1 tw(clkL) Typical pulse duration, output clock 0.5 p(12) 0.5 p(12 ns
gpmc_clk low
tac(clk) Duty cycle error, output clk gpmc_clk -500.00 500.00 —1000.00 1000.00 ps
cclk) Jitter standard deviation®®, output 64.7 64.7 ps
clock gpmc_clk
tR(clk) Rise time, output clock gpmc_clk 0.230 1.430 0.230 1.430 ns
tr(clk) Fall time, output clock gpmc_clk 0.227 1.550 0.227 1.550 ns
tr(DO) Rise time, output data gpmc_d[15:0] 0.230 1.430 0.230 1.430 ns
tro) Fall time, output data gpmc_d[15:0] 0.227 1.550 0.227 1.550 ns
F2 td(clkH-nCSV) Delay time, ?Pmc_clk rising edge to F®_19 | F®+31 | F®_51 | F®+g1 ns
gpmc_ncsxID transition
F3 td(ckH-nCSIV) Delay time, gpmc_clk rising edge to E®-19 | E®+31 | E®-51 | E®+81 ns
gpmc_ncsxTD invalid
F4 t4(ADDV-clk) Delay time, gpmc_a[26:17] / B?_-31 | B@+21 | B@-81 | B@+51 ns
gpmc_a[16:1] /gpmc_a[10:1] address
bus valid to gpmc_clk first edge
F5 td(clkH-ADDIV) Delay time, gpmc_clk rising edge to -2.1 -5.1 ns
gpmc_a[16:1] gpmc address bus
invalid
F8 td(clkH-nADY) Delay time, gpmc_clk rising edge to GM-19 | 6M+31 | cM-51 | cM+81 ns
gpmc_nadv_ale transition
F9 td(clkH-nADVIV) Delay time, gpmc_clk rising edge to DW-19 | DW+31 | DW-51 | D®+8.1 ns
gpmc_nadv_ale invalid
F10 td(clkH-nOE) Delay time, gpmc_clk rising edge to H®-21 | H®+21 | H®_51 | H®+41 ns
gpmc_noe transition
F11 td(clkH-nOENV) Delay time, gpcm rising edge to E®-21 | E®@+21 | E®-51 | E®+41 ns
gpmc_noe invalid
F18 tw(ncsv) Pulse dura}ilci?, Read A® AQ ns
gpmc_ncsi*- low Write A A ns
F19 tw(nBEY) Pulse duration, Read c® c® ns
gpmc_nbeO_cle, Write c® c® ns
gpmc_nbel low
F20 tw(nADVY) Pulse duration, Read K13 K13 ns
gpmc_nadv_ale low Write K(3) K(3) ns
F23 td(clkH-IODIR) Delay time, gpmc_clk rising edge to H®—-21 | H®+21 | H®_51 | H®+41 ns
gpmc_io_dir high (IN direction)
F24 td(ckH-IODIRIV) Delay time, gpmc_clk rising edgeto | M0 —21 | M) +21 | M) —51 | MED + 4.1 ns
gpmc_io_dir low (OUT direction)

(1) For single read: A = (CSRdOffTime — CSOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK period
For burst read: A = (CSRdOffTime — CSOnTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK period
with n the page burst access number.
For burst write: A = (CSWrOffTime — CSOnTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK period
with n the page burst access number.

B = ClkActivationTime * GPMC_FCLK

For single read: C = RdCycleTime * (TimeParaGranularity + 1) * GPMC_FCLK
For burst read: C = (RdCycleTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK with n the page burst

@
@)

access number.

For Burst write: C = (WrCycleTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK with n the page burst
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4)

®)

@)

access number.

For single read: D = (RdCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For burst read: D = (RdCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For burst write: D = (WrCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For single read: E = (CSRdAOffTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For burst read: E = (CSRdOffTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For burst write: E = (CSWrOffTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For nCS falling edge (CS activated):
Case GpmcFCLKDivider = 0:

— F=0.5*CSExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— F =0.5*CSExtraDelay * GPMC_FCLK if (ClkActivationTime and CSOnTime are odd) or (ClkActivationTime and CSOnTime are
even)

- F=(1+0.5*CSExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— F =0.5*CSExtraDelay * GPMC_FCLK if ((CSOnTime — ClkActivationTime) is a multiple of 3)

— F=(1+0.5*CSExtraDelay) * GPMC_FCLK if ((CSOnTime — ClkActivationTime — 1) is a multiple of 3)

— F=(2+0.5* CSExtraDelay) * GPMC_FCLK if ((CSOnTime — ClkActivationTime — 2) is a multiple of 3)

For ADV falling edge (ADV activated):
Case GpmcFCLKDivider = 0:

— G =0.5* ADVExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ClkActivationTime and ADVOnTime are odd) or (ClkActivationTime and ADVOnTime
are even)

- G=(1+0.5* ADVExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— G =0.5* ADVExtraDelay * GPMC_FCLK if ((ADVOnTime — ClkActivationTime) is a multiple of 3)

- G=(1+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVOnTime — ClkActivationTime — 1) is a multiple of 3)
— G =(2+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVOnTime — ClkActivationTime — 2) is a multiple of 3)

For ADV rising edge (ADV deactivated) in Reading mode:
Case GpmcFCLKDivider = 0:
— G =0.5* ADVExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ClkActivationTime and ADVRdOffTime are odd) or (ClkActivationTime and
ADVRdOffTime are even)

- G=(1+0.5* ADVExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— G =0.5* ADVExtraDelay * GPMC_FCLK if ((ADVRdOffTime — ClkActivationTime) is a multiple of 3)

- G=(1+0.5*ADVExtraDelay) * GPMC_FCLK if ((ADVRdOffTime — ClkActivationTime — 1) is a multiple of 3)
— G =(2+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVRdOffTime — ClkActivationTime — 2) is a multiple of 3)

For ADV rising edge (ADV deactivated) in Writing mode:
Case GpmcFCLKDivider = 0:
— G =0.5* ADVExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ClkActivationTime and ADVWrOffTime are odd) or (ClkActivationTime and
ADVWTrOffTime are even)

- G=(1+0.5*ADVExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— G =0.5* ADVExtraDelay * GPMC_FCLK if ((ADVWrOffTime — ClkActivationTime) is a multiple of 3)

- G=(1+0.5*ADVExtraDelay) * GPMC_FCLK if (ADVWrOffTime — ClkActivationTime — 1) is a multiple of 3)
— G =(2+0.5* ADVExtraDelay) * GPMC_FCLK if (ADVWTrOffTime — ClkActivationTime — 2) is a multiple of 3)

For OE falling edge (OE activated) / 10 DIR rising edge (IN direction):
Case GpmcFCLKDivider = 0:

— H=0.5*OEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— H=0.5* OEExtraDelay * GPMC_FCLK if (ClkActivationTime and OEOnTime are odd) or (ClkActivationTime and OEOnTime are
even)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:
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— H=0.5* OEExtraDelay * GPMC_FCLK if ((OEONnTime — ClkActivationTime) is a multiple of 3)
— H=(1+0.5*OEExtraDelay) * GPMC_FCLK if ((OEOnTime — ClkActivationTime — 1) is a multiple of 3)
— H=(2+0.5* OEExtraDelay) * GPMC_FCLK if ((OEOnTime — ClkActivationTime — 2) is a multiple of 3)

For OE rising edge (OE deactivated):
Case GpmcFCLKDivider = 0:
— H=0.5*OEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— H=0.5* OEExtraDelay * GPMC_FCLK if (ClkActivationTime and OEOffTime are odd) or (ClkActivationTime and OEOffTime are
even)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— H=0.5* OEExtraDelay * GPMC_FCLK if ((OEOffTime — ClkActivationTime) is a multiple of 3)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK if ((OEOffTime — ClkActivationTime — 1) is a multiple of 3)
— H=(2+0.5* OEExtraDelay) * GPMC_FCLK if ((OEOffTime — ClkActivationTime — 2) is a multiple of 3)

(9) For WE falling edge (WE activated):
Case GpmcFCLKDivider = 0:

— 1=0.5* WEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— 1 =0.5* WEExtraDelay * GPMC_FCLK if (ClkActivationTime and WEONTime are odd) or (ClkActivationTime and WEONTime are
even)

— |=(1+0.5*WEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— |1 =0.5* WEExtraDelay * GPMC_FCLK if (WEONnTime — ClkActivationTime) is a multiple of 3)

— | =(1+0.5* WEExtraDelay) * GPMC_FCLK if (WEONnTime — ClkActivationTime — 1) is a multiple of 3)
- | =(2+0.5*WEExtraDelay) * GPMC_FCLK if (WEONnTime — ClkActivationTime — 2) is a multiple of 3)

For WE rising edge (WE deactivated):
Case GpmcFCLKDivider = 0:
— 1=0.5* WEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— 1 =0.5* WEExtraDelay * GPMC_FCLK if (ClkActivationTime and WEOffTime are odd) or (ClkActivationTime and WEOffTime are
even)

— |=(1+0.5*WEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— |1 =0.5* WEExtraDelay * GPMC_FCLK if (WEOffTime — ClkActivationTime) is a multiple of 3)

— | =(1+ 0.5 * WEExtraDelay) * GPMC_FCLK if ((WEOffTime — ClkActivationTime — 1) is a multiple of 3)
- | =(2+0.5* WEExtraDelay) * GPMC_FCLK if (WEOffTime — ClkActivationTime — 2) is a multiple of 3)

(10) J = GPMC_FCLK period
(11) Ingpmc_ncsx, xisequalto 0, 1, 2, 3,4, 5,6, or 7.
In gpmc_waitx, x is equal to 0, 1, 2, or 3
(12) P =gpmc_clk period
(13) For read: K = (ADVRdOffTime — ADVOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For write: K = (ADVWrOffTime — ADVOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK
(14) GPMC_FCLK is general-purpose memory controller internal functional clock

(15) Related to the gpmc_clk output clock maximum and minimum frequency programmable in I/F module by setting the
GPMC_CONFIG1_CSx configuration register bit fields GpmcFCLKDivider.

(16) The jitter probability density can be approximated by a Gaussian function

(17) M = (RdCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK
Above M parameter expression is given as one example of GPMC programming. 10 DIR signal will go from IN to OUT after both
RdCycleTime and BusTurnAround completion. Behaviour of 10 direction signal does depend on kind of successive read/write accesses
performed to memory and multiplexed or nonmultiplexed memory addressing scheme, bus keeping feature enabled or not. 10 DIR
behaviour is automactically handled by GPMC controller.
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Figure 6-2. GPMC / Multiplexed 16-bit NOR Flash—Synchronous Single Read®®

(1) Ingpmc_ncsi,iisequalto0, 1, 2, 3,4,5, 6, or 7.
(2) In gpmc_waitj, x is equal to 0, 1, 2, or 3.
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Figure 6-3. GPMC / Nonmultiplexed 16-bit NOR Flash—Synchronous Single Read®®®)

(1) Ingpmc_ncsi,iisequalto0,1,2,3,4,5,6,o0r7.

(2) In gpmc_waitj, j is equal to O, 1, 2, or 3.

(3) Nonmultiplexed NOR interface can be used only with a limited address range corresponding to 10 address bits.
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Figure 6-4. GPMC / Multiplexed 16-bit NOR Flash—Synchronous Burst Read 4x16 Bits®®

(1) Ingpmc_ncsi,iisequalto0, 1, 2, 3,4,5, 6, 0or 7.
(2) In gpmc_waitj, j is equal to O, 1, 2, or 3.
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Figure 6-5. GPMC / Nonmultiplexed 16-bit NOR Flash—Synchronous Burst Read 4x16 Bits®W®?©)

(1) Ingpmc_ncsi,iisequalto0,1,2,3,4,5,6,or7.
(2) In gpmc_waitj, j is equal to 0, 1, 2, or 3.
(3) Nonmultiplexed NOR interface can be used only with a limited address range corresponding to 10 address bits.

6.4.1.2 GPMC/NOR Flash Interface—Synchronous Mode—66 MHz

Table 6-6 and Table 6-7 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-6 through Figure 6-11).

Table 6-5. GPMC/NOR Flash Timing Conditions—Synchronous Mode—66 MHzM@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX

Input Conditions
tr Input signal rise time 1.38 2.79 ns
tr Input signal fall time 1.14 2.85 ns
PCB Conditions

Number of external peripherals 4

Far end load 15 pF
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Table 6-5. GPMC/NOR Flash Timing Conditions—Synchronous Mode—66 MHzM®@® (continued)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Trace length 5 cm
Characteristics impedance 40 55 Q

@

@
©)

10 settings except gpmc_nwp: LBO = 1.

For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

10 settings for gpmc_nwp: MB[1:0] = 01 and LBO = 0.

For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-6. GPMC/NOR Flash Timing Requirements—Synchronous Mode—66 MHz?

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

F12 tsu(dv-clkH) Setup time, input data gpmc_d[15:0] valid 3 17.8 ns
before output clock gpmc_clk high

F13 th(clkH-dv) Hold time, input data gpmc_d[15:0] valid after 2.4 2.4 ns
output clock gpmc_clk high

F21 tsu(waitv-clkH) Setup time, input wait gpmc_waitx™® valid 3 17.8 ns
before output clock gpmc_clk high

F22 th(clkH-waitv) Hold time, input wait gpmc_waitx® valid after 2.4 24 ns

output clock gpme_clk high

M)
@

In gpmc_waitx, x is equal to 0, 1, 2 or 3.
See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-7. GPMC/NOR Flash Switching Characteristics—Synchronous Mode—66 MHz

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FO 1/ o Frequency®, output clock gpmc_clk 66 33 MHz
period
F1 tw(clkH) Typical pulse duration, output clock 0.5 p(12) 0.5 p(12) 0.5 p(12 0.5 p(12 ns
gpmc_clk high
F1 t(clkL) Typical pulse duration, output clock 0.5 p(12) 0.5 p(12) 0.5 p(12) 0.5 p(12) ns
gpmc_clk low
tac(clk) Duty cycle error, output clk gpmc_clk —758.00 758.00 -1515.00 1515.00 ps
t(clk) Jitter standard deviation®®), output clock 64.7 64.7 ps
gpmc_clk
tR(clk) Rise time, output clock gpmc_clk 0.9 1.8 0.9 1.8 ns
tr(cik) Fall time, output clock gpmc_clk 0.9 1.6 0.9 1.6 ns
tr(DO) Rise time, output data 0.9 1.8 0.9 1.8 ns
tr(po) Fall time, output data 0.9 1.6 0.9 1.6 ns
F2 tyckr-ncsy) | Delay time, g{)mc_clk rising edge to FO®_2.1 FO®+3.1 FO® _5.1 F® +8.1 ns
gpmc_ncsxD transition
F3 taikr-ncsy) | Delay time, ﬂ)mc_clk rising edge to E®_21 E® +3.1 E®_51 E® +8.1 ns
gpmc_ncsxd invalid
F4 tyappv-ck) | Delay time, gpmc_a[26:17] / B@_31 B@+2.1 B@_8.1 B@ +5.1 ns
gpmc_a[16:1] / gpmc_a[10:1] address
bus valid to gpmc_clk first edge
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Table 6-7. GPMC/NOR Flash Switching Characteristics—Synchronous Mode—66 MHz (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

F5 tacikH-apDiv) | Delay time, gpmce_clk rising edge to -2.1 -5.1 ns
gpmc_a[26:17] / gpmc_a[16:1] gpmc
address bus invalid

F6 tyneev-cky | Delay time, gpmc_nbe0_cle, B®@-09 | B@+39 | B®-74 | B®+104 ns
gpmc_nbel valid to gpmc_clk first edge

F7 tyckrneel) | Delay time, gpme_clk rising edge to DW-39 | DP+09 | D®W-104 | DWW +7.4 ns
gpmc_nbeO_cle, gpmc_nbel invalid

F8 tyckHnapy) | Delay time, gpmc_clk rising edge to 6M-19 | cM+31 | 6MN-49 | cM+8.1 ns
gpmc_nadv_ale transition

F9 ta (k- Delay time, gpmc_clk rising edge to DW_19 | D¥W+31 | DW-49 | D¥+81 ns

nADVIV) gpmc_nadv_ale invalid

F10 tyckHnog) | Delay time, gpmc_clk rising edge to H®—21 | HO®+21 | H®-51 | H®+41 ns
gpmc_noe transition

F11 tyckHnoely) | Delay time, gpem rising edge to E®_21 E® +2.1 E®_51 E® +4.1 ns
gpmc_noe invalid

F14 tyckHnwe) | Delay time, gpmc_clk rising edge to 1®_1.9 1 +3.1 19 _49 1®+8.1 ns
gpmc_nwe transition

F15 tyckn-pat) | Delay time, gpme_clk rising edge to JIO_39 | JW) 109 | JAO_104 | JAD+ 74 ns
gpmc_a[26:17] / gpmc_a[16:1] data bus
transition

F17 tycknnee) | Delay time, gpme_clk rising edge to JIO_39 | JW) 109 | JAO_104 | JAD+ 74 ns
gpmc_nbeO_cle, gpmc_nbel transition

F18 twncsv) Pulse dura}ilci)n, Read AQ AQ ns
gpmc_ncsi*-* low Write AL AQ ns

F19 tw(nBEY) Pulse duration, Read c® c® ns
gpmc_nbe0_cle, Write c® c® ns
gpmc_nbel low

F20 tw(nADWY) Pulse duration, Read K13) K13) ns
gpmc_nadv_ale low Write K(13) K(13) ns

F23 tyciki-opiry | Delay time, gpmc_clk rising edge to H®—21 | HO®+21 | H®-51 | H®+41 ns
gpmc_io_dir high (IN direction)

F24 ta (k- Delay time, gpcm rising edge to MAD—21 | M +21 | M —51 | MAD +4.1 ns

IODIRIV) gpmc_io_dir low (OUT direction)

(1) For single

read:

— A = (CSRdOffTime — CSOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK period

For burst read:
— A = (CSRdOffTime — CSOnTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK period with n the
page burst access number.

For burst write:
— A= (CSWrOffTime — CSOnTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK period with n the
page burst access number.

(2) B = ClkActivationTime * GPMC_FCLK

(3) For single

— C =RdCycleTime * (TimeParaGranularity + 1) * GPMC_FCLK

read:

For burst read:
— C =(RdCycleTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK with n the page burst access

numb

er.

For burst write:
— C = (WrCycleTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK with n the page burst access

numb
(4) For single

er.
read:

— D = (RdCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For burst read:
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— D = (RdCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For burst write:
— D = (WrCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

(5) For single read:
— E = (CSRdOffTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For burst read:
— E = (CSRdOffTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For burst write:
— E = (CSWrOffTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

(6) For nCS falling edge (CS activated):
Case GpmcFCLKDivider = 0:

— F =0.5* CSExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— F =0.5*CSExtraDelay * GPMC_FCLK if (ClkActivationTime and CSOnTime are odd) or (ClkActivationTime and CSOnTime are
even)

— F=(1+0.5*CSExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— F =0.5*CSExtraDelay * GPMC_FCLK if ((CSOnTime — ClkActivationTime) is a multiple of 3)

— F=(1+0.5*CSExtraDelay) * GPMC_FCLK if ((CSOnTime — ClkActivationTime — 1) is a multiple of 3)
- F=(2+0.5* CSExtraDelay) * GPMC_FCLK if ((CSOnTime — ClkActivationTime — 2) is a multiple of 3)

(7) For ADV falling edge (ADV activated):
Case GpmcFCLKDivider = 0:

— G =0.5* ADVExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ClkActivationTime and ADVOnTime are odd) or (ClkActivationTime and ADVOnTime
are even)

- G =(1+0.5* ADVExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— G =0.5* ADVExtraDelay * GPMC_FCLK if ((ADVOnTime — ClkActivationTime) is a multiple of 3)

— G =(1+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVOnTime — ClkActivationTime — 1) is a multiple of 3)
- G =(2+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVOnTime — ClkActivationTime — 2) is a multiple of 3)

For ADV rising edge (ADV deactivated) in Reading mode:
Case GpmcFCLKDivider = 0:
— G =0.5* ADVExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ClkActivationTime and ADVRdOffTime are odd) or (ClkActivationTime and
ADVRdOffTime are even)

- G =(1+0.5* ADVExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— G =0.5* ADVExtraDelay * GPMC_FCLK if ((ADVRdOffTime — ClkActivationTime) is a multiple of 3)

- G =(1+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVRdOffTime — ClkActivationTime — 1) is a multiple of 3)
— G =(2+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVRdOffTime — ClkActivationTime — 2) is a multiple of 3)

For ADV rising edge (ADV deactivated) in Writing mode:
Case GpmcFCLKDivider = 0:
— G =0.5* ADVExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ClkActivationTime and ADVWrOffTime are odd) or (ClkActivationTime and
ADVWTrOffTime are even)

- G =(1+0.5* ADVExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— G =0.5* ADVExtraDelay * GPMC_FCLK if (ADVWrOffTime — ClkActivationTime) is a multiple of 3)

- G =(1+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVWrOffTime — ClkActivationTime — 1) is a multiple of 3)
— G =(2+0.5* ADVExtraDelay) * GPMC_FCLK if ((ADVWrOffTime — ClkActivationTime — 2) is a multiple of 3)

(8) For OE falling edge (OE activated) / 10 DIR rising edge (IN direction):
Case GpmcFCLKDivider = 0:

— H=0.5*OEExtraDelay * GPMC_FCLK
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Case GpmcFCLKDivider = 1:

— H=0.5* OEExtraDelay * GPMC_FCLK if (ClkActivationTime and OEOnTime are odd) or (ClkActivationTime and OEOnTime are
even)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— H=0.5* OEExtraDelay * GPMC_FCLK if ((OEONnTime — ClkActivationTime) is a multiple of 3)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK if ((OEOnTime — ClkActivationTime — 1) is a multiple of 3)
— H=(2+0.5* OEExtraDelay) * GPMC_FCLK if ((OEONnTime — ClkActivationTime — 2) is a multiple of 3)

For OE rising edge (OE deactivated):
Case GpmcFCLKDivider = 0:
— H=0.5*OEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— H=0.5* OEExtraDelay * GPMC_FCLK if (ClkActivationTime and OEOffTime are odd) or (ClkActivationTime and OEOffTime are
even)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— H=0.5* OEExtraDelay * GPMC_FCLK if ((OEOffTime — ClkActivationTime) is a multiple of 3)

— H=(1+0.5*OEExtraDelay) * GPMC_FCLK if ((OEOffTime — ClkActivationTime — 1) is a multiple of 3)
— H=(2+0.5* OEExtraDelay) * GPMC_FCLK if ((OEOffTime — ClkActivationTime — 2) is a multiple of 3)

For WE falling edge (WE activated):
Case GpmcFCLKDivider = 0:

— 1=0.5* WEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— 1 =0.5* WEExtraDelay * GPMC_FCLK if (ClkActivationTime and WEONTime are odd) or (ClkActivationTime and WEONTime are
even)

— |=(1+0.5*WEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— |1 =0.5* WEExtraDelay * GPMC_FCLK if (WEONnTime — ClkActivationTime) is a multiple of 3)

— |=(1+ 0.5 * WEExtraDelay) * GPMC_FCLK if (WEONnTime — ClkActivationTime — 1) is a multiple of 3)
- | =(2+0.5* WEExtraDelay) * GPMC_FCLK if (WEONnTime — ClkActivationTime — 2) is a multiple of 3)

For WE rising edge (WE deactivated):
Case GpmcFCLKDivider = 0:
- 1=0.5* WEExtraDelay * GPMC_FCLK

Case GpmcFCLKDivider = 1:

— 1 =0.5* WEExtraDelay * GPMC_FCLK if (ClkActivationTime and WEOffTime are odd) or (ClkActivationTime and WEOffTime are
even)

— |=(1+0.5*WEExtraDelay) * GPMC_FCLK otherwise

Case GpmcFCLKDivider = 2:

— |1 =0.5* WEExtraDelay * GPMC_FCLK if ((WEOffTime — ClkActivationTime) is a multiple of 3)

— |=(1+ 0.5 * WEExtraDelay) * GPMC_FCLK if ((WEOffTime — ClkActivationTime — 1) is a multiple of 3)
- | =(2+0.5* WEExtraDelay) * GPMC_FCLK if (WEOffTime — ClkActivationTime — 2) is a multiple of 3)

(10) J = GPMC_FCLK period
(11) Ingpmc_ncsx, xisequalto 0, 1, 2, 3,4, 5,6, or 7.

In gpmc_waitx, x is equal to 0, 1, 2, or 3.

(12) P =gpmc_clk period
(13) For read: K = (ADVRdOffTime — ADVOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK

For write: K = (ADVWrOffTime — ADVOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK

(14) GPMC_FCLK is General Purpose Memory Controller internal functional clock.

(15) Related to the gpmc_clk output clock maximum and minimum frequency programmable in I/F module by setting the

GPMC_CONFIG1_CSx configuration register bit fields GpmcFCLKDivider

(16) The jitter probability density can be approximated by a Gaussian function.
(17) M = (RdCycleTime — AccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

Above M parameter expression is given as one example of GPMC programming. 10 DIR signal will go from IN to OUT after both
RdCycleTime and BusTurnAround completion. Behaviour of 10 direction signal does depend on kind of successive Read/Write acces!
performed to Memory and multiplexed or nonmultiplexed memory addressing scheme, bus keeping feature enabled or not. |0 DIR
behaviour is automactically handled by GPMC controller.

Ses
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F1
— O] AH

gpmc_clk
ﬂ F2 o F3ﬂ
\ F18 ‘
gpmc_ncsi \ —
F4
O . Address (WSE)
(gpmc_a[25:16])
> F6 — F7—
F19
gpmc_nbel™  \ —
> F6 — F7—~
F19 -
gpmc_nbe0 cle ™~  \ —
F8 F8
L FZOJ - F9
gpmc_nadv_ale / —\_ / \
F10
W — F11 ]
gpmc_noe \ I
F13
gpme_a[16:1] iF4 —+|Fs —{F12
fgpme_d[15:0] I Address (LSE) > (Po >——
(gpmc_ad[15:0])
— [ F22 p—>{F21
gpmc_waitj \ /
HF23 L P24
gpmc_io_dir ouT N ouT

SWPS040-005

Figure 6-6. GPMC / Multiplexed 16-bit NOR Flash—Synchronous Single Read®®

(1) Ingpmc_ncsi,iisequalto0,1,2,3,4,5,6,o0r7.
(2) In gpmc_waitj, x is equal to O, 1, 2, or 3.
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F1

gpmc_clk | / \ / \ / \ / \ / \ / \ / \ / \ / \
ﬂ F2 - Fsﬁ
‘ F18 "l
gpmc_ncsi \ /
oS
(gpmc_a[25:16]) Address
—|F6 7]
F19
gpmc_nbe1 \ /
—>F6 - F7—]
F19
gpmc_nbe0_cle \ /
ﬂ F8 ﬂ F8
| F20 | - F9
gpmc_nadv_ale / \ / | W
ﬂ F10  |— F11 ﬂ
gpmc_noe \ /
>——‘ F13
|>—> F12
gpme <o) e >———
(gpmc_ad[15:0]) ——

»| F22 |>—> F21
gpmc_waitj \ [
{ F23 L F24ﬂ
gpmc_io_dir ouT / IN ouT

SWPS040-006

Figure 6-7. GPMC / Nonmultiplexed 16-bit NOR Flash—Synchronous Single Read®®?®)

(1) Ingpmc_ncsi,iisequalto0, 1, 2, 3,4,5, 6, or 7.
(2) In gpmc_waitj, j is equal to 0, 1, 2, or 3.

(3) Nonmultiplexed NOR interface can be used only with a limited address range corresponding to 10 address bits.
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F1
FO =~ F1
gpmc_clk
F2 F3
F18
gpmc_ncsi \ /_
F4
gpmc_a[26:17] X Address (MSB)
(gpmc_a[25:16]) F7
F6 F19
gpmc_nbel — \ Valid V
F7
F6 F19
gpmc_nbe0_cle — \ Valid VA
F8 F8
F20 F9
gpmc_nadv_ale / (. / \
F10 L 1
gpmc_noe \ /
r F12 “
gpme. a[16:1] F4 F5 »ﬁms F«F12
/gpmc_d[15:0] X Address (LSB) 0o X b1 X D2 D3
/gpmc_ad[15:0]
—> e F22 >{F21
gpmc_waitj \ /
F23 F24
gpmc_io_dir ouT / IN OouT

SWPS040-007

Figure 6-8. GPMC / Multiplexed 16-bit NOR Flash—Synchronous Burst Read 4x16 Bits™®)

(1) Ingpmc_ncsi,iisequalto0, 1,2, 3,4,5,6,0r7.
(2) In gpmc_waitj, j is equal to O, 1, 2, or 3.
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gpmc_clk
ﬁFz —F3 ﬁ
‘ F18 ‘
gpmc_ncsi \ /
—~|F4
gpme_a[10:1] X Address
(gpmc_a[25:16]) F7 .
—1F8 F19 -
gpmc_nbe1 \ Valid /
—F7 —»|
[ F6 F19
gpmc_nbe0_cle \ Valid /
F8 F8
IF20 - F9 ﬁ
gpmc_nadv_ale / \ / \ ;
ﬁmo - F11 ﬁ 1T,
gpmc_noe \ / —
’« F12 E
F13 F12
Gl N . C .
(gpmc_ad[15:0]) \_DO_X D1 XLX D3 n_
— F22 F21 -
) - - O
gpmc_waitj \ / D
»F23 L F24 ﬁ O
gpmc_io_dir ouT / IN ouT m

Figure 6-9. GPMC / Nonmultiplexed 16-bit NOR Flash—Synchronous Burst Read 4x16 BitsY®?©)

(1) Ingpmc_ncsi,iisequalto0, 1,2, 3,4,5,6, or7.
(2) In gpmc_waitj, j is equal to 0, 1, 2, or 3.
(3) Nonmultiplexed NOR interface can be used only with a limited address range corresponding to 10 address bits.
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gpmc_clk

F1
’_, F1 — FOﬂ
F2

F3

‘ F18

gpmc_ncsi

’—>

F4

gpme_a[26:17] X

Address (MSB)

(gpmc_a[25:16])

F17
j ﬂFW
X

—* ﬂ F1
gpmc_nbe1 \ X X /
F17
— ﬂ F17 ﬂ F17
gpmc_nbe0_cle \ X X X
F8 F8
F20 ———F9 ﬂ
gpmc_nadv_ale / \ |/ \
F14
ﬂ F14
gpmc_nwe \ L/
4= F15 F15 F15
gpmc_a[16:1] ﬁ ﬁ ﬁ
Igpme_d[15:0] X Address (LSB) X DO X D1 X D2 X D3
(gpmc_ad([15:0]) —» |__ F22 |._. F21
gpmc_waitj \ /
gpmc_io_dir OouUT

SWPS040-009

Figure 6-10. GPMC / Multiplexed 16-bit NOR Flash—Synchronous Burst Write 4 x 16 Bits®®

(1) Ingpmc_ncsi,iisequalto0, 1,2, 3,4,5,6,or7.

(2) In gpmc_waitj, j is equal to 0, 1, 2, or 3.
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F1
F’j o]
gpmc_clk
Lﬂ F2 3
| F18 .
gpmc_ncsi \ /—
] ’—> F4
gt mm— ————————
F17
—|F6 ﬁ F1 j ﬁ F17
gpmc_nbe1 \ Y X X 7
F17
—*IF6 -~ {F1 j —{F17
gpmc_nbe0_cle \ X X X
F8 F8
imﬂ — F9
gpmc_nadv_ale / \_ _/ \
F14
ﬂ F14j
gpmc_nwe |/
ﬁms ﬁms ﬁms
(gp%)(r:iz_d(?ggoc])} X DO X D1 X D2 X D3
— |—— F22 |>—> F21
gpmc_waitj \ /
gpmc_io_dir ouT

SWPS040-010

Figure 6-11. GPMC / Nonmultiplexed 16-bit NOR Flash—Synchronous Burst Write 4 x 16 BitsY®@®)

(1) Ingpmc_ncsi,iisequalto0, 1,2, 3,4,5,6,or7.
(2) In gpmc_waitj, j is equal to 0, 1, 2, or 3.
(3) Nonmultiplexed NOR interface can be used only with a limited address range corresponding to 10 address bits.

6.4.1.3 GPMC/NOR Flash Interface—Asynchronous Mode

Table 6-10 and Table 6-11 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-12 through Figure 6-17).

Table 6-8. GPMC/NOR Flash Timing Conditions—Asynchronous Mode®®@®

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX

Input Conditions
tr Input signal rise time 1.80 ns
te Input signal fall time 1.80 ns
PCB Conditions

Number of external peripherals 1

Far end load 10 pF

Trace length 4 cm

Characteristics impedance 30 50 Q
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M)

10 settings except gpmc_nwp: LBO = 1.

For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

10 settings for gpmc_nwp: MB[1:0] = 01 and LBO = 0.

For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply hame, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:

Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
Table 6-9. GPMC/NOR Flash—Asynchronous Mode—Internal Parameters
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

Fl1 Max output data generation delay from internal functional clock 6.5 13.7 ns

FI2 Max input data capture delay by internal functional clock 4.0 8.1 ns

FI3 Max chip select generation delay from internal functional clock 6.5 13.7 ns

Fl4 Max address generation delay from internal functional clock 6.5 13.7 ns

FI5 Max address valid generation delay from internal functional clock 6.5 13.7 ns

FI6 Max byte enable generation delay from internal functional clock 6.5 13.7 ns

FI7 Max output enable generation delay from internal functional clock 6.5 13.7 ns

FI8 Max write enable generation delay from internal functional clock 6.5 13.7 ns

FI9 Max functional clock skew 100.0 200.0 ps

FI10 Max 10 direction generation delay from internal functional clock 6.5 13.7 ps

Table 6-10. GPMC/NOR Flash Timing Requirements—Asynchronous Mode®®@®)
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FA5 tace(paT) Data max access time H®) H®) GPMC_FCLK

cycles

FA20 tacci-PGMoDEDAT) | Page mode successive data max access p%) p(1) GPMC_FCLK

time cycles

FA21 tacca-PaMODE(DAT) | Page mode first data max access time H®) H®) GPMC_FCLK

cycles

(1) FA5 parameter illustrates amount of time required to internally sample input Data. It is expressed in number of GPMC functional clock
cycles. From start of read cycle and after FA5 functional clock cycles, input Data will be internally sampled by active functional clock
edge. FA5 value must be stored inside AccessTime register bits field.

(2) FA21 parameter illustrates amount of time required to internally sample first input Page Data. It is expressed in number of GPMC
functional clock cycles. From start of read cycle and after FA21 functional clock cycles, First input Page Data will be internally sampled
by active functional clock edge. FA21 value must be stored inside AccessTime register bits field.

(3) FA20 parameter illustrates amount of time required to internally sample successive input Page Data. It is expressed in number of GPMC
functional clock cycles. After each access to input Page Data, next input Page Data will be internally sampled by active functional clock
edge after FA20 functional clock cycles. FA20 value must be stored in PageBurstAccessTime register bits field.

Table 6-11. GPMC/NOR Flash Switching Characteristics—Asynchronous Mode
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
tr(DO) Rise time, output data 2 2 ns
tro) Fall time, output data 2 2 ns
FAO tw(nBEY) Pulse duration, Read N3 N3 ns
gpr_ncfnbeo_cle, gpmc_nbel Write INGE) N3 ns
valid time

FAL twncsv) Pulse duration, gpmc_ncsx Read AD AD ns

low Write AQ) AQ) ns
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Table 6-11. GPMC/NOR Flash Switching Characteristics—Asynchronous Mode (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FA3 tycsv-napviy) | Delay time, gpmc_ncsx4) Read B@-02 | B@+20 | B@®-02 | B@+26 ns
valid to gpmc_nadv_ale invalid Write B®_02 B? 120 B®_0.2 B+ 26 ns

FA4 tyncsvnoely) | Delay time, gpmc_ncsx®¥) valid to c®-02 | c®+20 | c®—-02 | c®+26 ns
gpmc_noe invalid (Single read)

FA9 taav-ncsv) Delay time, address bus valid to JIO _g2 | W 4+20 | JA_02 | A9+ 26 ns
gpmc_ncsx®¥ valid

FA10 td(nBEV-nCSV) Delay time, gpmc_nbe0_cle, JW_02 | JA9+20 | JO_02 | JW9+26 ns
gpmc_nbel valid to gpmc_ncsx® valid

FA12 tancsv-napvy) | Delay time, gpme_ncsx®? valid to KW _02 | KW+20 | KPW-02 | KD +26 ns
gpmc_nadv_ale valid

FA13 tyncsvnoey) | Delay time, gpmc_ncsx®¥ valid to L1 _02 | LD +20 | LD-02 | LID+26 ns
gpmc_noe valid

FA14 tancsv-iopiry | Delay time, gpme_ncsx®? valid to LI _02 | LD +20 | LAD-02 | LD +26 ns
gpmc_io_dir high

FA15 tyncsv-opiry | Delay time, gpmc_ncsx®¥) valid to MO _02 | MI® +20 | MO _0.2 | MIO) + 26 ns
gpmc_io_dir low

FA16 tw(aly) Address invalid duration between 2 G G ns
successive R/W accesses

FA18 tyncsvnoely) | Delay time, gpmc_ncsx®¥) valid to 19 -0.2 1+ 2.0 19 -0.2 1®+26 ns
gpmc_noe invalid (Burst read)

FA20 twav) Pulse duration, address valid — 2nd, 3rd, D@ D@ ns
and 4th accesses

FA25 tyncsvnwey) | Delay time, gpmc_ncsx®¥ valid to E®—-02 | E®+20 | E®-02 | E®+26 ns
gpmc_nwe valid

FA27 tancsv-nwery) | Delay time, gpme_nesx®? valid to F® 0.2 F® +2.0 F® 0.2 FO® +2.6 ns
gpmc_nwe invalid

FA28 tanwev-pv) Delay time, gpmc_ nwe valid to data bus 2 2.6 ns
valid

FA29 t4(Dv-nCsv) Delay time, data bus valid to J0_02 | D +20 | JO_02 | JO+26 ns
gpmc_ncsx®¥ valid

FA37 tanoEV-AlV) Delay time, gpmc_noe valid to 2 2.6 ns
gpmc_a[16:1] address phase end

(1) For single read: A = (CSRdOffTime — CSOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For single write: A = (CSWrOffTime — CSOnTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For burst read: A = (CSRdAOffTime — CSOnTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK with n
the page burst access number
For burst write: A = (CSWrOffTime — CSOnTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK with n
the page burst access number

@

For reading: B = ((ADVRdOffTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (ADVExtraDelay — CSExtraDelay)) * GPMC_FCLK

For writing: B = ((ADVWTrOffTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (ADVExtraDelay — CSExtraDelay)) * GPMC_FCLK

©)
4)
(®)
Q)
@)
®)
9)

GPMC_FCLK
(10) J = (CSOnNTime * (TimeParaGranularity + 1) + 0.5 * CSExtraDelay) * GPMC_FCLK
(11) K = ((ADVONnTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (ADVExtraDelay — CSExtraDelay)) * GPMC_FCLK

(12) L = ((OEONTime — CSONTime) * (TimeParaGranularity + 1) + 0.5 * (OEExtraDelay

(13) For single read: N = RdCycleTime * (TimeParaGranularity + 1) * GPMC_FCLK
For single write: N = WrCycleTime * (TimeParaGranularity + 1) * GPMC_FCLK
For burst read: N = (RdCycleTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK
For burst write: N = (WrCycleTime + (n — 1) * PageBurstAccessTime) * (TimeParaGranularity + 1) * GPMC_FCLK

C = ((OEOffTime — CSONTime) * (TimeParaGranularity + 1) + 0.5 * (OEExtraDelay — CSExtraDelay)) * GPMC_FCLK
D = PageBurstAccessTime * (TimeParaGranularity + 1) * GPMC_FCLK
E = ((WEONTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (WEExtraDelay — CSExtraDelay)) * GPMC_FCLK
F = ((WEOffTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (WEExtraDelay
G = Cycle2CycleDelay * GPMC_FCLK

H = AccessTime * (TimeParaGranularity + 1)
| = ((OEOffTime + (n — 1) * PageBurstAccessTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (OEExtraDelay — CSExtraDelay)) *

— CSExtraDelay)) * GPMC_FCLK

— CSExtraDelay)) * GPMC_FCLK
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(14) In gpmc_ncsx, x isequalto 0, 1, 2, 3,4, 5, 6, or 7.

(15) P = PageBurstAccessTime * (TimeParaGranularity + 1)

(16) M = ((RdCycleTime — CSOnTime) * (TimeParaGranularity + 1) — 0.5 * CSExtraDelay) * GPMC_FCLK
Above M parameter expression is given as one example of GPMC programming. 10 DIR signal will go from IN to OUT after both
RdCycleTime and BusTurnAround completion. Behaviour of 10 direction signal does depend on kind of successive read/write accesses

performed to memory and multiplexed or non/multiplexed memory addressing scheme, bus keeping feature enabled or not. 10 DIR
behaviour is automactically handled by GPMC controller

Y AV AV AN A AV AV AV AV Al AV aVaVaVaVaVaVaVaVaWaWal

gpmc_clk
FA5
FA1
gpmc_nesx \
FA9
(gpgrsg Z‘[SE ?é]} A Valid address
FAO
FA10
gpmc_nbe0_cle \ Vaid i
FAO
gpmc_nbe1 \ Vaid 7
FA10 FA3
FA12
gpmc_nadv_ale [ [\ /
FA4
FA13
gpmc_noe \ /

e sal15.0) I —CTE
(gpmc_ad[15:0]) 0 Data IN O Data IN O

gpmc_waitx

FA15
FA14
gpmc_io_dir ouT / IN ouT

SWPS040-011

Figure 6-12. GPMC / NOR Flash—Asynchronous Read—Single Word Timing®®@®)

(1) Ingpmc_ncsx, xis equalto 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, X is equal to 0, 1, 2, or 3.

(2) FA5 parameter illustrates amount of time required to internally sample input data. It is expressed in number of GPMC functional clock
cycles. From start of read cycle and after FA5 functional clock cycles, input data will be internally sampled by active functional clock
edge. FA5 value must be stored inside AccessTime register bits field.

(3) GPMC_FCLK is an internal clock (GPMC functional clock) not provided externally.
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gpmc_clk
FAS FAS
FA1 FA1
gemc_nesx —\ [\ [
FA16
FA9 FA9
(gp?ggl‘;_[gg ?6113 :X Address 0 X:X Address 1
FAO FAO
FA10 FA10
gpmc_nbe0_cle \ Valid 7\ Valid /
FAO FAO
gpmc_nbet \ Valid 7\ Valid /
FA10 FA10
FA3 FA3
FA12 FA12
gpmc_nadv_ale [T |\ / \_/ \ / \_
FA4 FA4
FA13 FA13
gpmc_noe \ / \ /
gpmc_d[1§:0] -\ VN @_C
(gpmc_ad[15:0]) — AS
gpmc_waitx
FA15 FA15
FA14 FA14
gpmc_io_dir out / IN \ out / IN |

SWPS040-012

Figure 6-13. GPMC / NOR Flash—Asynchronous Read—32-bit Timing®®®

(1) Ingpmc_ncsx, xis equal to 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, x is equal to O, 1, 2, or 3.

(2) FA5 parameter illustrates amount of time required to internally sample input data. It is expressed in number of GPMC functional clock
cycles. From start of read cycle and after FA5 functional clock cycles, input Data will be internally sampled by active functional clock
edge. FA5 value must be stored inside AccessTime register bits field.

(3) GPMC_FCLK is an internal clock (GPMC functional clock) not provided externally.
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GPMC_FCLK
gpmc_clk
FA21 FA20 FA20 FA20
FA1
gpmc_ncsx \ /
FA9
gpmc_a[10:1]
(G S5 1] X Add0 Y AddT Y Add2 Y Add3 X Add4
FAOQ
FA10
gpmc_nbe0_cle \ /
FAOQ
FA10
gpmc_nbe1 \ /
FA12
gpmc_nadv_ale / \
FA18
FA13
gpmc_noe \ /
gpmc_d[15:0] ===\ 7/
(gpmc_ad[15:0])) —~ (B0 D1 )< D2 »{D3 )——D3
gpmc_waitx \ /
FA15
FA14
gpmc_io_dir ouT / IN \OUT

SWPS040-013

Figure 6-14. GPMC / NOR Flash—Asynchronous Read—Page Mode 4x16-bit Timing®@®®

(1) Ingpmc_ncsx, xisequalto 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, x is equal to 0, 1, or 2.

(2) FA21 parameter illustrates amount of time required to internally sample first input Page Data. It is expressed in number of GPMC
functional clock cycles. From start of read cycle and after FA21 functional clock cycles, First input Page Data will be internally sampled
by active functional clock edge. FA21 calculation must be stored inside AccessTime register bits field.

(3) FA20 parameter illustrates amount of time required to internally sample successive input Page Data. It is expressed in number of GPMC
functional clock cycles. After each access to input Page Data, next input Page Data will be internally sampled by active functional clock
edge after FA20 functional clock cycles. FA20 is also the duration of address phases for successive input Page Data (excluding first
input Page Data). FA20 value must be stored in PageBurstAccessTime register bits field.

(4) GPMC_FCLK is an internal clock (GPMC functional clock) not provided externally.
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gpmc_clk
FA1
gpmc_ncsx \ /
FA9
gpmc_a[10:1] Vaid add
(gpmc_a[25:16]) X gic accress
FAO
FA10
gpmc_nbe0_cle \
FAO
FA10
gpmc_nbe1 \
FA3
FA12
gpmc_nadv_ale / \ / \
FA27
FA25
gpmc_nwe \ /
FA29
gpmc_d[15:0]
(gpmc_ad[15:0]) A Data OUT
gpmc_waitx
gpmc_io_dir ouT
SWPS040-014
Figure 6-15. GPMC / NOR Flash—Asynchronous Write—Single Word Timing®
(1) Ingpmc_ncsx, xis equal to 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, X is equal to 0, 1, or 2.
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ervic_rolk T\ _/\/\/ N\ N\ NN NN NN NN NN\

gpmc_clk
FA1 o
FA5 -
gpmc_ncsx \ —
. " FA9
(g%m:i;?%ag} - Address (MSB)
FAO >
>~ FA10
gpmc_nbe0_cle \ Valid /
FAO >
> FA10
gpmc_nbe1 \ Valid 7
FA3 >
4% FA12 ‘
gpmc_nadv_ale _/__\ / _
FA4 ol
FA13 g
gpmc_noe \ /o
gpmc_a[16:1] ] FA29 HFA37
gpme_d[15:0] —— Address (LSB) ) (oatain (oata
(gpmc_ad[15:0])
FA15 »l
FA14 ~
gpmc_io_dir ouT / IN \ouT

gpmc_waitx

SWPS040-015

Figure 6-16. GPMC / Multiplexed NOR Flash—Asynchronous Read—Single Word Timing®®®)

(1) Ingpmc_ncsx, xis equalto 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, X is equal to 0, 1, or 2.

(2) FA5 parameter illustrates amount of time required to internally sample input Data. It is expressed in number of GPMC functional clock
cycles. From start of read cycle and after FA5 functional clock cycles, input Data will be internally sampled by active functional clock
edge. FA5 value must be stored inside AccessTime register bits field.

(3) GPMC_FCLK is an internal clock (GPMC functional clock) not provided externally.
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gpme_clk
| FA1 '}
gpmc_ncsx \
— FA9
gpmc_a[26:17] - Add (MSB)
(gpmc_a[25:16]) ===
FAO "
> FA10
gpmc_nbe0_cle \ /
FAO "
> FA10
gpmc_nbe1 \ /
———FA3
—ﬂ FA12
gpmc_nadv_ale _/_ \ / |
FA27 |
FA25 ~
gpmc_nwe \ /
FA29 FA28
gpmc_a[16:1)/ H
apme, d[15:0] X Valid address (LSB) X Data OUT
(gpmc_ad[15:0])
gpmc_waitx
gpmc_io_dir OuT

SWPS040-016

Figure 6-17. GPMC / Multiplexed NOR Flash—Asynchronous Write—Single Word Timing®
(1) Ingpmc_ncsx, xis equal to 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, x is equal to O, 1, or 2.

6.4.1.4 GPMC/NAND Flash Interface—Asynchronous Mode

Table 6-14 and Table 6-15 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-18 through Figure 6-21).

Table 6-12. GPMC/NAND Flash Timing Conditions—Asynchronous Mode®®@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX

Input Conditions
tr Input signal rise time 1.80 ns
te Input signal fall time 1.80 ns
PCB Conditions

Number of external peripherals 1

Far end load 10 pF

Trace length 4 cm

Characteristics impedance 30 50 Q
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(1) 10 settings except gpmc_nwp: LBO = 1.
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.
10 settings for gpmc_nwp: MB[1:0] = 01 and LBO = 0.
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

@

—

power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-13. GPMC/NAND—Asynchronous Mode—Internal Parameters

In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
GNFI1 Maximum output data generation delay from internal functional 6.5 13.7 ns
clock
GNFI2 Maximum input data capture delay by internal functional clock 4.0 8.1 ns
GNFI3 Maximum chip select generation delay from internal functional 6.5 13.7 ns
clock
GNFl14 Maximum address latch enable generation delay from internal 6.5 13.7 ns
functional clock
GNFI5 Maximum command latch enable generation delay from 6.5 13.7 ns
internal functional clock
GNFI6 Maximum output enable generation delay from internal 6.5 13.7 ns
functional clock
GNFI7 Maximum write enable generation delay from internal 6.5 13.7 ns
functional clock
GNFI8 Maximum functional clock skew 100.0 200.0 ps
Table 6-14. GPMC/NAND Flash Timing Requirements—Asynchronous Mode®®
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
GNF12 taceat) | Data maximum access time J(0) J(10) GPMC_
FCLK
cycles

(1) GNF12 parameter illustrates amount of time required to internally sample input Data. It is expressed in number of GPMC functional
clock cycles. From start of read cycle and after GNF12 functional clock cycles, input data will be internally sampled by active functional
clock edge. GNF12 value must be stored inside AccessTime register bits field.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-15. GPMC/NAND Flash Switching Characteristics—Asynchronous Mode

gpmc_d[15:0] invalid

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

tr(DO) Rise time, output data 2 2 ns

tro) Fall time, output data 2 2 ns

GNFO ty(nWEV) Pulse duration, gpmc_nwe valid time AD A ns

GNF1 t4(nCSV-nWEY) Delay time, gpmc_ncsx valid to B?@-02 | B@+20 | B@-02 | B?+37 ns
gpmc_nwe valid

GNF2 td(CLEH-WEV) Delay time, gpmc_nbe0_cle highto | c®-02 | c®+20 | c®-02 | c®+37 ns
gpmc_nwe valid

GNF3 t4(nWEV-DV) Delay time, gpmc_d[15:0] valid to DW_02 | DW+20 | DW-02 | D®+37 ns
gpmc_nwe valid

GNF4 td(WEIV-DIV) Delay time, gpmc_nwe invalid to E®—-02 | E®+20 | E®-02 | E®+37 ns
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Table 6-15. GPMC/NAND Flash Switching Characteristics—Asynchronous Mode (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

GNF5 td(WEIV-CLEIV) Delay time, gpmc_nwe invalid to F®_02 | F®+20 | F®-02 | F®+37 ns
gpmc_nbe0_cle invalid

GNF6 td(nWEIV-nCSIV) Delay time, gpmc_nwe invalid to 6"M-02|cM+20 | cM-02 | cGM+37 ns
gpmc_ncsx invalid

GNF7 td(ALEH-WEV) Delay time, gpmc_nadv_ale highto | c®-02 | c®+20 | c®-02 | c®+37 ns
gpmc_nwe valid

GNF8 t4(nWEIV-ALEIV) Delay time, gpmc_nwe invalid to FO®_02 | F®+20 | F®—_02 | F®+37 ns
gpmc_nadv_ale invalid

GNF9 to(mwE) Cycle time, Write cycle time HE® HE® ns

GNF10 td(nCSv-noEV) Delay time, gpmc_ncsx valid to ©0-02 | ®+20 | 19-02 | 1®+37 ns
gpmc_noe valid

GNF13 ty(nOEV) Pulse duration, gpmc_noe valid time KD K ns

GNF14 tenoe) Cycle time, read cycle time L(12) L(12) ns

GNF15 t4(nOEIV-nCSIV) Delay time, gpmc_noe invalid to M) — 0.2 | M + 2.0 | M —0.2 | MID) + 3.7 ns
gpmc_ncsx invalid

(1) A = (WEOffTime — WEONTime) * (TimeParaGranularity + 1) * GPMC_FCLK
(2) B = ((WEONTime — CSOnTime) * (TimeParaGranularity + 1) + 0.5 * (WEExtraDelay — CSExtraDelay)) * GPMC_FCLK
(3) C = ((WEONTime — ADVONTime) * (TimeParaGranularity + 1) + 0.5 * (WEExtraDelay — ADVExtraDelay)) * GPMC_FCLK
(4) D = (WEOnTime * (TimeParaGranularity + 1) + 0.5 * WEExtraDelay ) * GPMC_FCLK
(5) E = ((WrCycleTime — WEOffTime) * (TimeParaGranularity + 1) — 0.5 * WEExtraDelay ) * GPMC_FCLK

(6) F = ((ADVWrOffTime — WEOffTime) * (TimeParaGranularity + 1) + 0.5 * (ADVExtraDelay — WEExtraDelay )) * GPMC_FCLK
(7) G = ((CSWrOffTime — WEOffTime) * (TimeParaGranularity + 1) + 0.5 * (CSExtraDelay — WEExtraDelay )) * GPMC_FCLK
(8) H=WrCycleTime * (1 + TimeParaGranularity) * GPMC_FCLK
(9) 1= ((OEONTime — CSONTime) * (TimeParaGranularity + 1) + 0.5 * (OEExtraDelay — CSExtraDelay)) * GPMC_FCLK
(10) J = AccessTime * (TimeParaGranularity + 1)
(11) K = (OEOffTime — OEONTime) * (1 + TimeParaGranularity) * GPMC_FCLK
(12) L = RdCycleTime * (1 + TimeParaGranularity) * GPMC_FCLK
(13) M = ((CSRdOffTime — OEOffTime) * (TimeParaGranularity + 1) + 0.5 * (CSExtraDelay — OEExtraDelay ))* GPMC_FCLK
(14) In gpmc_ncsx, x isequalto 0, 1, 2, 3,4, 5, 6, or 7.

ePMC_FCLK [\ [ [\ [

gpmc_nbe0_cle

gpmc_nadv_ale

gpmc_d[15:0]
(gpmc_ad[15:0])

gpmc_ncsx

GNF1

GNF6

GNF2

GNF5

gpmc_noe

GNFO

gpmc_nwe

GNF3

GNF4

X Command

SWPS040-017

Figure 6-18. GPMC / NAND Flash—Asynchronous Mode—Command Latch Cycle Timing®

(1) Ingpmc_ncsx, xisequalto 0, 1, 2, 3,4, 5,6, 0or 7.
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(@)

(@)

ePmMc Fclk /  / /W / W/ J S S S\
GNF1 GNF6

;
gpme_ncsx T /E—

gpmc_nbe0_cle

—*{GNF7 GNF8 >

gpme_nadv_ale LT

gpmc_noe

GNF9

GNFO——™

,—"GNF3 l GNF4
gpmc_d[15:0]

(gpme_ad[15:0)) L Address

"l
»l
gpme_nwe T / | E—
»|
|

SWPS040-018

Figure 6-19. GPMC / NAND Flash—Asynchronous Mode—Address Latch Cycle Timing™®

In gpmc_ncsx, x is equal to 0, 1, 2, 3,4, 5, 6, or 7.

GPMC_FELK [\ _/\_/\ /S
GNF12
| GNF10 GNF15 ,I
gome_ncsx S
gpmc_nbe0_cle
gpmc_nadv_ale
GNF14 >l
GNF13 >
L —. / | W—
gpme. 41150 DATA S—

(gpmc_ad[15:0])

gpmc_waitx /

SWPS040-019

Figure 6-20. GPMC / NAND Flash—Asynchronous Mode—Data Read Cycle Timing®®®)

GNF12 parameter illustrates amount of time required to internally sample input Data. It is expressed in number of GPMC functional
clock cycles. From start of read cycle and after GNF12 functional clock cycles, input data will be internally sampled by active functional
clock edge. GNF12 value must be stored inside AccessTime register bits field.

(2) GPMC_FCLK is an internal clock (GPMC functional clock) not provided externally.
(3) Ingpmc_ncsx, xis equalto 0, 1, 2, 3, 4, 5, 6, or 7. In gpmc_waitx, x is equal to 0, 1, or 2.
228 Timing Requirements and Switching Characteristics Copyright © 2010-2012, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Link(s): OMAP4430


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

Public Version

13 TEXAS
INSTRUMENTS OMAP4430
www.ti.com SWPS041D -DECEMBER 2010-REVISED JANUARY 2012
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,_’ GNF1 —— GNF6 4’(
gpme_ncsx L /—
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gpmc_noe

Y

GNF9

I
GNFO——™ ‘

gpme_nwe LT / | I—
,_"GNFB L GNF4

gpmc_d[15:0]
(gom_ad[15:0)) L DATA -

SWPS040-020

Figure 6-21. GPMC / NAND Flash—Asynchronous Mode—Data Write Cycle Timing®

(1) Ingpmc_ncsx, xisequalto 0, 1, 2, 3,4,5,6,0r7.

6.4.2 External Memory Interface (EMIF)

NOTE
For more information, see the EMIF Controller section of the OMAP4430 TRM.

The SDRAM controller subsystem module provides connectivity between the processor and external
DRAM memory components. The module includes support for double-data-rate SDRAM (mobile DDR).

6.4.2.1 EMIF—DDR Mode

Table 6-17 and Table 6-18 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-22 through Figure 6-43). For timing parameters
correspondence with JEDEC standard, see Table 6-19 and Table 6-20.

Table 6-16. EMIF Timing Conditions—DDR Mode

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input rise time 0.4 ns
te Input fall time 0.4 ns
Output Condition
CLoap | Output load capacitance® 2 5 pF

(1) 10 settings: sr[1:0] = 11.
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / High-speed I/O Buffers with Impedance, Slew Rate and Weak Driver
Settings section of the OMAP4430 TRM.
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Table 6-17. EMIF Timing Requirements—DDR Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DQ/DM/DQS Read Parameters
tac(pQsi Duty cycle error, input clock -125 125 -125 125 ps
Ipddr2_ndgsx®
tioosi Jitter standard deviation, input clock 0 0 0 0 ps
Ipddr2_ndgsx®
DD300 teosi) Cycle time, Ipddr2_dgsX® and 25 5 ns
Ipddr2_ndgsx®
DD301 tw(DQSIH) Pulse duration, Ipddr2_dgsX® and 0.5 05 0.5 0.5 DD100
Ipddr2_ndgsX® high duration
DD301 tw(DQsIL) Pulse duration, Ipddr2_dgsX® and 0.5 05 05 0.5 DD100
Ipddr2_ndgsX® low duration
DD302 tsk(DQSH- Skew , Ipddr2_dgsX® edge to opposite —67 67 —67 67 ps
NDOS)) Ipddr2_ndgsX® edge
DD303 typov-ogsy | Delay time, Ipddr2_dgsX® input 2.2 6.0 2.1 6.1 ns
transition after Ipddr2_ck output
transition
DD304 tsuov-posny | Setup time, Ipddr2_dqY data valid -0.28 -0.28 ns
before Ipddr2_dqsX® reading transition
DD305 th(pQsI-DIV) Hold time, Ipddr2_dqY data valid after 0.42 * DD100 — 0.42 * DD100 — ns
Ipddr2_dgsX® reading transition 0.32 0.32
DD306 t4(DQSIHZ- Delay time, Ipddr2_dgsX® low 0.9 0.9 DD100
DQSILZ) impedance before Ipddr2_dgsx® first
transition
DD307 t4pQsiLz- Delay time, Ipddr2_dgsx hi?h 0.45 0.45 DD100
DQSIHZ) impedance after Ipddr2_dgsX D last
transition
DD308 typQsiLz- Delay time, Ipddr2_dgsX® driven after 2.20 2.20 ns
CLKH) Ipddr2_ck transition
DD309 tapQiLz- Delay time, Ipddr2_dqY driven after 2.11 1.87 ns
CLKH) Ipddr2_ck transition
DD310 o (clki- Delay time, Ipddr2_dgsX® high 5.25 5.25 ns
DQSIHZ) impedance after Ipddr2_ck transition
DD311 tacikH-DQiHz) | Delay time, Ipddr2_dgY high impedance 5.68 5.91 ns
after Ipddr2_ck transition
DQ/DM/DQS Boot Read Parameters
DD303b | tgnpov-nosy | Delay time, Ipddr2_dgsX® input 2.2 6.0 2.1 6.1 ns
transition after Ipddr2_ck output
transition
DD304b tsubv-Dosy | Setup time, Ipddr2_dqY data valid -0.28 -0.28 ns
before Ipddr2_dqsX® reading transition
DD305b thoosi-bivy | Hold time, Ipddr2_dqY data valid after 0.42 * DD100 — 0.42 * DD100 — ns
Ipddr2_dgsX® reading transition 0.32 0.32
(1) X=1[3:0]
(2) Y =[31:0]

(3) In this table, LPDDR2 means LPDDR21 and LPDDR22. For more information, see Table 2-4.

(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-18. EMIF Switching Characteristics—DDR Mode®(®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN | MAX
Output Clocks Parameters
tac(cik) Duty cycle error, output clock Ipddr2_ck -31 31 -63 63 ps
and Ipddr2_nck
ticcik) Jitter standard deviation, output clock -63 63 -125 125 ps
Ipddr2_ck and Ipddr2_nck
tac(pQs) Duty cycle error, output clock -31 31 -63 63 ps
Ipddr2_dgsX® and Ipddr2_ndgsXx®
tipos) Jitter standard deviation, output clock -63 63 -125 125 ps
Ipddr2_dgsX™® and Ipddr2_ndgsX®
tr(0) Output signal rise time 400 400 ps
tr(0) Output signal fall time 400 400 ps
DD100 te(clk) Cycle time, Ipddr2_ck and Ipddr2_nck 2.5 5 ns
DD101 tw(cikH) Typical pulse duration, Ipddr2_ck and 0.5 0.5 0.5 0.5 DD100
Ipddr2_nck high duration
DD101 tw(clkL) Typical pulse duration, Ipddr2_ck and 0.5 0.5 0.5 0.5 DD100
Ipddr2_nck low duration
DD102 tsk(clk-Nclk) Skew, Ipddr2_ck edge to opposite —-67 67 —-67 67 ps
Ipddr2_nck edge
CKE and Command Address Write Parameters
DD200 tw(ckE) Pulse duration, Ipddr2_cke high and low | 3 * DD100 3*DD100 ns
duration
DD201 td(cIkL-CKE) Delay time, Ipddr2_ck low to Ipddr2_cke 0.05 0.16 * 0.05 0.16 * ns
DD100 — DD100 —
0.05 0.05
DD202 td(cikL-NCS) Delay time, Ipddr2_ck low to Ipddr2_ncs 0.34 0.41* 0.34 0.41* ns
DD100 — DD100 —
0.34 0.34
DD203 ta(cik-ca) Delay time, Iglder_Ck low to 0.05 * 0.45* 0.05 * 0.45* ns
Ipddr2_caz® DD100 + DD100 — DD100 + DD100 —
0.34 0.34 0.34 0.34
DD204 twica) Pulse duration, Ipddr2_caz® high and 0.50 0.50 DD100
low duration
CKE and Command Boot Write Parameters
DD200b teb(clk) Cycle time, Ipddr2_ck and Ipddr2_nck 25 5 ns
DD201b tan(cikL-ckey | Delay time, Ipddr2_ck low to Ipddr2_cke 0.05 0.16 * 0.05 0.16 * ns
DD100 — DD100 —
0.05 0.05
DD202b tan(cikL-Ncs) | Delay time, Ipddr2_ck low to Ipddr2_ncs 0.34 0.41 * 0.34 0.41 * ns
DD100 — DD100 —
0.34 0.34
DD203b tab(cik-cA) Delay time, Ig)ddrz_ck low to 0.05 * 0.45 * 0.05 * 0.45 * ns
Ipddr2_caz® DD100 + DD100 — DD100 + DD100 —
0.34 0.34 0.34 0.34
DQ/DM/DQS Write Parameters
DD400 te(pQs0) Cycle time, Ipddr2_dgsx® and 25 5 ns
Ipddr2_ndqsXx®
DD401 tw(DQSOH) Pulse duration, Ipddr2_dgsX® and 0.5 0.5 0.5 0.5 DD400
Ipddr2_ndgsX® high duration
DD401 tw(DQSOL) Pulse duration, Ipddr2_dgsX® and 0.5 0.5 0.5 0.5 DD400
Ipddr2_ndgsX® low duration
DD402 tsk(DQSO- Skew , Ipddr2_dgsX™® edge to opposite —-67 67 —-67 67 ps
NDQSO) Ipddr2_ndgsX® edge
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Table 6-18. EMIF Switching Characteristics—DDR Mode®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DD403 t4(paso- Delay time, Ifddrz_dqsx(l) to 0.05 * 0.45* 0.05 * 0.45* ns
DQOIDM) Ipddr2_dgY® and Ipddr2_dmXx® DD100 + DD100 — DD100 + DD100 —
0.32 0.32 0.32 0.32
DD404 tyov-poso) | Delay time, Ipddr2_dgsX™ valid after 0.09 0.19* 0.09 0.19* ns
Ipddr2_ck transition DD100 — DD100 —
0.09 0.09
DD405 tacikv-Doso) | Delay time, Ipddr2_ck valid to first 0.75 1.25 0.75 1.25 ns
Ipddr2_dgsXx™ edge
DD406 typgsonz- | Delay time, lpddr2_dgsx® high 0.35 0.35 DD100
DQSOV) impedance to Ipddr2_dgsXx® valid
DD407 t4pasov- Delay time, Ipddr2_dgsX® last edge to 0.4 0.4 DD100
DQSOHZ) Ipddr2_dgsx™® high impedance state
DD408 twpgoomy | Pulse duration, Ipddr2_dgY® and 0.5 0.5 DD100
Ipddr2_dmx® high/low duration
SDRAM Core Parameters
DD500 toact-acTys | Cycle time, ACTIVE to ACTIVE DD508 + DD508 + ns
command DD509 DD509
DD501 tw(srL)s Pulse duration, Ipddr2_cke during SELF 15 15 ns
REFRESH low duration
DD502 tsrvals | Cycle time, SELF REFRESH to VALID | DD514 + 10 DD514 + 10 ns
command
DD503 t4(DPWDN)s Delay time, POWER DOWN exit time 7.5 10 ns
DD504 taPWDN)s Delay time, DEEP POWER DOWN 500 500 us
command
DD505 t(RD-RD)s Cycle time, READ to READ command 2 2 DD100
DD506 trp-PrRE)s | Cycle time, READ to PRECHARGE 7.5 10 ns
command
DD507 te(ACT-RD)s Cycle time, ACTIVE to READ command 18 18 ns
DD508 ta(PrRE)s Delay time, PRECHARGE command 18 18 ns
(8-bank)
DD509 toacT-PrE)s | Cycle time, ACTIVE to PRECHARGE 42 70000 42 70000 ns
command
DD510 td(WRREC)s Delay time, WRITE recovery time 15 15 ns
DD511 tc(WR-RD)s Cycle time, WRITE to READ command 7.5 10 ns
DD512 te(aCTBA- Cycle time, ACTIVE bank A to ACTIVE 10 10 ns
ACTBB)s bank B command
DD513 teacT-4B- Cycle time, Four banks ACTIVE to 50 50 ns
ACT)s ACTIVE command
DD514 te(REF)S Cycle time, Four banks REFRESH A® A® ns
Command
NVM Core Parameters
DD601 toact- Cycle time, ACTIVE to READ or WRITE 15 255 25 255 ns
RD/WR)n command
DD602 te(aCTBA- Cycle time, ACTIVE bank A to ACTIVE DD601 DD601 ns
ACTBB)n bank B command
DD603 toact-acTn | Cycle time, ACTIVE to ACTIVE DD601 DD601 ns
command
DD604 tecas-casn | Cycle time, CAS to CAS command 2 2 DD100
DD605 te(WRREC- Cycle time, WRITE recovery Time 15 15 ns
ACT)n before ACTIVE
DD606 te(WR-RD)n Cycle time, WRITE to READ command 7.5 10 ns
DD607 topre-acTn | Cycle time, PRECHARGE to ACTIVE 3 3 DD100
command
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Table 6-18. EMIF Switching Characteristics—DDR Mode®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DD608 teacT-PRE)N | Cycle time, ACTIVE to PREACTIVE DD601 DD601 ns
command
DD609 teexpwon- | Cycle time, EXIT POWER DOWN to 10 20 ns
VAL)n next Valid command
Mode Register Parameters
DD700 taMRW) Delay time, MODE REGISTER WRITE 5 5 DD100
command
DD701 t4(MRR) Delay time, MODE REGISTER READ 2 2 DD100
command
ZQ Calibration Parameters
DD800 taQINm) Delay time, Initialization Calibration 1 1 us
command
DD801 taocy) Delay time, Long Calibration command 360 360 ns
DD802 taacs) Delay time, Short Calibration command 90 90 ns
DD803 t4(QRESET) Delay time, Calibration Reset command 50 50 ns
(1) X=1[3:0]
(2) Y =[31:0]
(3) z=1[9:0]
(4) Per device density:
— Inthe range [64 Mbits to 512 Mbits], density = 90 ns
— Inthe range [1 Gbit to 4 Gbits], density = 130 ns
—  For 8 Ghits, density = 210 ns
(5) In this table, LPDDR2 means LPDDR21 and LPDDR22. For more information, see Table 2-4.
(6) See DM Operating Condition Addendum for CORE OPP voltages.
DD306— DD300 » ——DD31
—&308 —DD301—-|—DD301 ,—DD[?),;:'
Ipddr2_dqsX \ —
+{DD302 |+ |DD302 L|DD302 I—-|DD302
Ipddr2_ndgsX ————— L7 ' T VY—
—DD30 —DD30
—DD309——| ——|DD3054.‘ ——|DD3054.‘
pddr2_dY.dmX DIN A0 DIN A1 DIN A2 DINASN ) —————
———|DD311
Ipddr2_ck
—DD303_MIN——|
Ipddr2_dgsX Y A Y e
—DD303_MAX—-|
Ipddr2_dgsX [ [ \_
SWPS040-021
Figure 6-22. EMIF—DDR Mode—DQ / DM / DQS Read Parameters®®
(1) X=1[3:0]
(2) Y =[31.0]

Copyright © 2010-2012, Texas Instruments Incorporated

Timing Requirements and Switching Characteristics

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

233

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—-REVISED JANUARY 2012 www.ti.com

pddr2_dgsX ————————\______ [\ [\ —

Ipddr2_ndgsX

Ipddr2_dY.dmX Vo CINVCR S IV G CINTVE S CINVE) () S—

lpddr2_ck \ / \ / | -/ | W
—DD303b_MIN——|

lpddr2_dgsX /) S A W A W
—DD303b_MAX——|
Ipddr2_dgsX / \ / \
SWPS040-022
Figure 6-23. EMIF—DDR Mode—DQ / DM / DQS Boot Read Parameters®®
1) X =[3:0]
@) Y =[31:0]
DD100 >
DD101 ,i DD101—»}
Ipddr2_ck / \ / \
|——|DD102 |<—'DD102 |<—'DD102 |——|DD102
Ipddr2_nck

SWPS040-023

Figure 6-24. EMIF—DDR Mode—Output Clock Parameters
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SWPS040-024

Figure 6-25. EMIF—DDR Mode—DQ / DM / DQS Write Parameters®®

1) X =[3:0]
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(2) Y =[31:0]
Ipddr2_ck
Ipddr2_nck \ \ / \ / \ — ____/
——|DD201 |+ DD201
Ipddr2_cke - .
lpddr2_ck
lpddr2_nck —  \____| — -/
—-|DD202 +| DD202 |+ DD202
lpdar2_nos I | - 00 |
DD203
DD203
—-| DD203 ——|DD203 ,——|DD204

Ipddr2_caZ [TXCA RiseXZXCA Fall \Z)CA Rise{ZXCA Fall ZXCA Rise \T)CA Fall \T)CA Rise\ZXCA Fall X
L—+|pD204

[Cmd] X Nop XD Command X Nop XXCARisefIX CAFalZX

SWPS040-025

Figure 6-26. EMIF—DDR Mode—CKE and Command Address Write Parameters®

(1) Z=1[9:0]
,—DD200b——|
Ipddr2_ck
lpddr2_nck —  \____| — ./
——|DD201b |<—DD201b
Ipddr2_cke - .
lpddr2_ck
lpddr2_nck —  \___| — 7/

——|DD202t +| DD202h |+ DD202b

pdr2ncs I | my

DD20Bb DD203b
—-|DD203b —-|DD203b

Ipddr2_caZ [T CA Rise \I) CA Fall \T)(CA Rise JIX CA Fall JTXCA Rise \T) CA Fall \T}(CA Rise JTX CA Fall JIX
[Cmd] - Nop ' Command ‘ Nop 'CA Rise ‘ CAFall ‘

SWPS040-026

Figure 6-27. EMIF—DDR Mode—CKE and Command Boot Write Parameters®

(1) Z=[9:0]
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pddr2ck \__ [\ /T \ /[ \ /N WEEEERY \ /W

Ipddr2_nck [~ \__/ WA S\ AN L
Ipddr2_cke — OO §\ \\ [y v —
Ipdar2_nes Y | W Oy | e
[
DD501 > DD502 *l

(S s VIR § G ST | ST 5 7 W ) ST

SWPS040-027

Figure 6-28. EMIF—DDR Mode—SDRAM Core Parameters—Self-Refresh Command®®@©)

1) X=[3:0]
() Y =[310]
(3) Z=[9:0]

padr2 ck\ [\ /[ \ [\ AN\ /[ /W W\

pddrznok /T \__/— /WA /AN AN
Ipddr2_cke — \IIIIm §\ §\ [ ) O v —
DD503———
DD200 £ DD200 &

Ipddr2_ncs T W\ Ty T
[Cmd] R vaiid YYEnter POY o YT TR\ W) Evit P A M VAT Vel )T

SWPS040-028

Figure 6-29. EMIF—DDR Mode—SDRAM Core Parameters—Power-Down Exit Time Command®®

(1) X=[3:0]
() Y =[31:0]
(3) z=[9:0]

Enter Deep Power-Down mode Exit Deep Power-Down mode

pddizck \ T\ T\ \ /Ry W\ W\ [\
padznck [\ \_/ \_/ \ WA W\ O\ O\ [

pddr2_cke — \ i\ W\ \§
DD504 .
lpddr2_ncs Y | W T )

(Cmd] EE"Nop YYEper opo)Nop YT T\ SN T et o Y Nop »——\——(Reser @

SWPS040-029

Figure 6-30. EMIF—DDR Mode—SDRAM Core Parameters—Deep Power-Down Command®®@®)

1) X =[3:0]
() Y =[31:0]
(3) z=[9:0]
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pad2ck [\ [\ [\ [\
lpddr2_nck /_—/—\—/_—/—\—/_
DD505
Ipddr2_caz K CAT YN CA2 X =X ) CAs X" cas XX X
[Cmd] X Read X Nop X Read X Nop
SWPS040-030

Figure 6-31. EMIF—DDR Mode—SDRAM Core Parameters—Read to Read Command®@@®HE(6)(7)

(1) X=1[3:0]

(2) Y =[31:0]

) Z=[9:0]

(4) CAl = Bank N Column Address A
(5) CA2 = Column Address A

(6) CA3 = Bank N Column Address B
(7) CA4 = Column Address B

oz T\ [\ [\

lpddr2_nck [~ \__/ \ / A [ ) [ \__ [

R o (11 (v o O O S G O B 0 (15 0
[Cmd] X _Read  JEX__Nop__ YoX__Nop _ YZX [ Nop __ YZX Precharge YoX_ Nop

L——DD506—>|
lpddr2_dgsX \ / \ / \
Ipddr2_ndgsX / \ / \ /

ipacr2_cy I O AC [ DN AT DN AZI DN AS

SWPS040-031

Figure 6-32. EMIF—DDR Mode—SDRAM Core Parameters—Read to Precharge®@®®G)6)

(1) X=1[3:0]

(2) Y =1[31:0]

3) Z=1[9:0]

(4) CAl = Bank M Column Address A
(5) CA2 = Column Address A

(6) CA3 =Bank M

Read Begins

DD500 >
DD509 >

DD507 ~i

—DD512——| DD508 > DD514——|—DD514——|
lpddr2 ck __ [\ \/ ./ /N NN N

pdcr2_nek [\ \ A AW\ A\ W\
Ipddr2_caz IEBERONONEENEEER OO0 OO0
(cmd] Nl op Yerei) Rea) I I ) Nop Y o R e O N e AR

SWPS040-032

Figure 6-33. EMIF—DDR Mode—SDRAM Core Parameters—Active to Read, Precharge, Active to
Precharge, Write, Write to Read, Active Bank A to Active Bank B Commands @@ SN0

(1) X=[3:0]
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(2) Y =[31:0]
(3) Z=[9:0]

(4) CA1 =Bank A Row Address
(5) CA2 = Row Address

(6) CA3 =Bank B Row Address
(7) CA4 = Row Address

(8) CA5 = Bank A Column Address
(9) CAG6 = Column Address

(10) CA7 = Bank A

Completion of Burst Write

Ipddr2_ck / \ / \ \ \ / \ /
lpddr2_nck [~ \_f / / ) [/
ipdar2_caz NGB DB 0000 eDacoaca e e s
[Cmd] - Write ' Nop ' Nop ' Nop ' Nop \“P echarge' Nop -
L_DD405_MAX -| L DD510—»
pddr2.dasX — \__ [\ [ \___ [ [ \_|
lpddrz_ndasX __ [~ \___ [ \__ [ \___ [ \___[ |
ipcar2_cv o ) o e N e S

‘ SWPS040-033

Figure 6-34. EMIF—DDR Mode—SDRAM Core Parameters—Write Recovery Time®@E®E)®)

(1) X=1[3:0]

(2) Y =[31:0]

) Z2=[9:0]

(4) CA1 =Bank A Column Address A
(5) CA2 = Column Address

(6) CA3 =Bank A

Completion of Burst Write

\ / \ /

Ipddr2_ck / \ / \ / \

lpddr2_nck / \ / \ / \ /

Ipder2_caz ERCADCEB B R O B 0 e e 0TacsE
[Cmd]- Write ' Nop ' Nop ' Nop ' Nop ' Nop ' Read -

Ipddr2_dgsX ~ \ / \ / \ / \ / \ /
Ipddr2_ndgsX __/ \ / \ / \ / \ / A
|pddr2_dZ ‘ DOUTAO' DOUTA1' DOUTAZ' DOUT A3

‘ SWPS040-034

Figure 6-35. EMIF—DDR Mode—SDRAM Core Parameters—Write to Read Command®@E@EEME)E)A01)

(1) X=1[3:0]

(2) Y =1[31:0]

) Zz=[9:0]

(4) CA1[SDRAM DD511] = Bank M Column Address A
(5) CA2[SDRAM DD511] = Column Address A
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(6) CA3[SDRAM DD511] = Bank N Column Address B
(7) CA4[SDRAM DD511] = Column Address B

(8) CA1[NVM DD606] = RDB M Column Address A
(9) CA2[NVM DD606] = Column Address A

(10) CA3[NVM DD606] = RDB N Column Address B
(11) CA4[NVM DD606] = Column Address B

ipdar2_ck __[\__/W\_/ /SN N L
lpddr2_nck [~ \_ [ \ S
Ipddr2_caz IR

DD513 >
|
[Cmd] IACT (N e ACT N b ACACT AN o JOCACT I Nop A ™Mp X Nop YXACT X Nop

SWPS040-035

Figure 6-36. EMIF—DDR Mode—SDRAM Core Parameters—Active to Active Command®@E@EE)0)E)

(1) X=1[3:0]

(2) Y =[31:0]

(3) Z=1[9:0]

(4) CA1=Bank A
(5) CA2=Bank B
(6) CA3=Bank C
(7) CA4 =Bank D
(8) CA5=Bank E

W XOCANKe2)
[Cmd] ZXPreactiveX:x Nop X:XActivateX:x Nop\m Activatex:x Read X:x Nop X:XActivate X:D\E XXPreactivex

SWPS040-036

Figure 6-37. EMIF—DDR Mode—NVM Core Parameters—Active to Read or Write, Active Bank A to Active
Bank B, Active to Active, Precharge to Active, Active to Preactive Commands®@E@HEEMEE)

(1) X=1[3:0]

(2) Y =[31:0]

(3) 2=1[9:0]

(4) CA1l=RAB A Row Address
(5) CA2 = Row Address

(6) CA3 = RB A Row Address

(7) CA4 = RB B Row Address

(8) CA5 = RDB A Column Address
(9) CAG6 = Column Address
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Completion of Burst Write

Ipddr2_ck / \ / \ [\ / \ \ / \ / \ [
Ipddr2_nck / \ / \ / \ / \ / / \ / / |
lpddr2_caz EEYCANBCANE YA XA B 0C 0 00 ) aC A OCA3ACAY

[Cmd] X Write_ YZX__Nop__ YoX__Nop YIX__Nop_YIX | Nop YIX__Nop X Activate Y0

DD605 >

Ipddr2_dgsX ~ \ / \ / \ / \ / \ /
Ipddr2_ndgsX __/ \ / \ / \ / \ / A

Ipddr2_dY ’DOUT Ao'JOUTMmJOUTAz' DOUT A3
SWPS040-037
Figure 6-38. EMIF—DDR Mode—NVM Core Parameters—Write Recovery Time Before ActiveW@E®EE)()
1) X =[3:0]
@) Y =[31:0]
(3) Z=[9:0]

(4) CAl1 = RDB A Column Address
(5) CA2 = Column Address

(6) CA3 = RB A Row Address

(7) CA4 = Row Address

Ipddr2_ck / \ / \ / \ / \

Ipddr2_nck / Y Y L Y e Y e

R o e/ o T S 75 0 2 0 O O S

[Cmd] X Write X Nop =X Write X Nop )
DD604

lpddr2 dgsx —\ /[ \_____ [\ [\ [ \_
pdd2_ndgsX ___ [\ \____ I\ I\ —
Ipddr2_dY {XoouT Ao YN DouT A1 YIXDouT A2 I DouT A3

SWPS040-038

Figure 6-39. EMIF—DDR Mode—NVM Core Parameters—CAS to CASHYE@EE)(7)

(1) X=1[3:0]

(2) Y =1[31:0]

3) 2=[9:0]

(4) CAl1 =RDB M Column Address A
(5) CA2 = Column Address A

(6) CA3 = RDB N Column Address B
(7) CA4 = Column Address B

lpddr2_ck \ [ \_ [ \__J

padrznck [T\ \__ /[ \/ W AN O\ /[ W\ [

lpddr2_cke — \UIIIA )\ \ Y Y &

Ipddr2_ncs ____-——
DD609 ——

(cmd] - EEX Valid YYEnter PO Nop YT T ) et p0 XX Nop YA )

SWPS040-039

Figure 6-40. EMIF—DDR Mode—NVM Core Parameters—Exit Power-Down to Next Valid Command®®®
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1) X =[3:0]
(2) Y =[31:0]
(3) z=[9:0]

MRW=Mode_Register_Write_Cmd

lpddr2_ck \ | A Y A \\ W A Y A VY A \\ W A W
lpddr2_nck | / \ / \ S / \ / \ S /
DD700 > DD700

Ipddr2_caz [IINCAT 5 5 8 B ) 0G5 S 5 ) © S b G
[cmd] EE[MRW _XTX X WECVRW X X \WEC AW T

SWPS040-040

Figure 6-41. EMIF—DDR Mode—Mode Register Parameters—Write Command®®@©)

1) Z=1[9:0]
(2) CAl1 = MR Address
(3) CA2 = MR Data

MRR=Mode_Register_Read_Cmd

Ipddr2_ck A W A WY A U A VY A U
pddrznck [\ [\ / ___/ | WY A Y A W

DD701 = DD701 >
Ipddr2_caz K CATYENX cAE— XX A caz lXcaz I B @ B @
[cmd] I [ MRR I EC_wrr I o awy

SWPS040-041
Figure 6-42. EMIF—DDR Mode—Mode Register Parameters—Read Command®®®)
1) z=1[9:0]

(2) CAl = Register A
(3) CA2 = Register B

Ipddr2_ck

Ipddr2_nck [

roma) X WRW )X 0 8 X 5 G-I & ST

SWPS040-042

Figure 6-43. EMIF—DDR Mode—ZQ Calibration Parameters®®@®)

(1) Z2=1[9:0]
(2) CAl = MR Address
(3) CA2 = MR Data

Timing Requirements and Switching Characteristics
Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Copyright © 2010-2012, Texas Instruments Incorporated

241

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

OMAP4430

Public Version

SWPS041D —DECEMBER 2010—-REVISED JANUARY 2012

13 TEXAS
INSTRUMENTS

www.ti.com

Table 6-19. LPDDR2 Timing Requirements Correspondence Between Data Manual and LPDDR2 JEDEC

Standard—(JESD209-2A)®)

TIMINGS PARAMETERS JEDEC STANDARD PARAMETERS
REF. DESCRIPTION REF. DESCRIPTION

DD300 teoas)) Cycle time, Ipddr2_dgsx® and Ipddr2_ndgsx® tek (avg) Average clock period

DD301 tw(DOSIH) Pulse duration, lpddr2_dgsx® and Ipddr2_ndgsx® tosh DQS output high pulse width
high duration

DD301 tw(DOSIL) Pulse duration, Ipddr2_dgsx® and Ipddr2_ndgsx® low | tos, DQS output low pulse width
duration

DD302 tskDQSI-NDQSI) Skew , Ipddr2 dqsx(l) edge to opposite Vx Crossing point differential skew
Ipddr2_ndgsx® edge

DD303 taov-posi) Delay time, Ipddr2_dgsx® input transition after toosck DQS output access time from CK
Ipddr2_ck output transition / nCK

DD304 tsu(Dv-DQS)) Setup time, IJ)der_dqy(Z) data valid before tbosa DQS - DQ skew
Ipddr2_dqgsx™® reading transition

DD305 th(DQSI-DIV) Hold time, Ipddr2_day® data valid after Ipddr2_dgsx® | ton /tops | DQ output hold time from DQS /
reading transition Data hold skew factor

DD306 t4(DQSIHZ-DOSILZ) Delay time, IPder_dqsx(l) low impedance before tRPRE Read preamble
Ipddr2_dqgsx® first transition

DD307 t4(DQSILZ-DQSIHZ) Delay time, IPder_dqsx(l) high impedance after trpsT Read postamble
Ipddr2_dgsx 1 last transition

DD308 t4osILZ-CLKH) Delay time, Ipddr2_dqsx(1) driven after Ipddr2_ck tLzos) DQS low-Z from clock
transition

DD309 taQILZ-CLKH) Delay time, Ipddr2_dqy® driven after Ipddr2_ck tLz0o) DQ low-Z from clock
transition

DD310 td(clkH-DQSIHZ) Delay time, Ipddr2_dqsx(1) high impedance after tHz(Dos) DQS high-Z from clock
Ipddr2_ck transition

DD311 ta(ckH-DQIHZ) Delay time, Ipddr2_dqy® high impedance after thz(0Q) DQ high-Z from clock
Ipddr2_ck transition

DD303b tab(Dv-DQsI) Delay time, Ipddr2_dqsx(1) input transition after tposckb DQS output access time from CK
Ipddr2_ck output transition / nCK

DD304b tsub(DV-DQSH) Setup time, IJJder_dqy(z) data valid before tbosab DQS - DQ skew
Ipddr2_dgsx D reading transition

DD305b thb(DQSI-DIV) Hold time, Ipddr2_dqy® data valid after Ipddr2_dgsx®® | tousn DQ output hold time from DQS /
reading transition Data hold skew factor

(1) x=1[3:0]

(2) y=[310]

(3) The timing correspondence in this table means that a system equation exists between the Data Manual parameters and the JEDEC

ones.

Table 6-20. LPDDR2 Switching Characteristics Correspondence Between Data Manual and LPDDR2
JEDEC Standard—(JESD209-2A)®

TIMING PARAMETERS

JEDEC STANDARD PARAMETERS

REF. DESCRIPTION REF. DESCRIPTION
tac(clk) Duty cycle error, output clock Ipddr2_ck and tamduty) Duty cycle jitter
Ipddr2_nck
ticlky Jitter standard deviation, output clock Ipddr2_ck and 1T (per) Clock period jitter
Ipddr2_nck
tacQs) Duty cycle errcl)r, output clock Ipddr2_dgsx® and tamduty) Duty cycle jitter
Ipddr2_ndgsx®
t(oas) Jitter standard devilation, output clock lpddr2_dagsx® | typen Clock period jitter
and Ipddr2_ndgsx®
DD100 tecelk) Cycle time, Ipddr2_ck and Ipddr2_nck tek Average clock period
DD101 tw(clkH) Typical pulse duration, Ipddr2_ck and Ipddr2_nck high | tcy Average high pulse width

duration
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Table 6-20. LPDDR2 Switching Characteristics Correspondence Between Data Manual and LPDDR2
JEDEC Standard—(JESD209-2A)® (continued)

TIMING PARAMETERS

JEDEC STANDARD PARAMETERS

REF. DESCRIPTION REF. DESCRIPTION
DD101 tw(clkL) Typical pulse duration, Ipddr2_ck and Ipddr2_nck low | tc Average low pulse width
duration
DD102 tsk(clk-Nclk) Skew , Ipddr2_ck edge to opposite Ipddr2_nck edge Vx Crossing point differential skew
DD200 tw(cKE) Pulse duration, Ipddr2_cke high and low duration teke CKE minimum pulse width (high
and low pulse width)
DD201 td(clkL-CKE) Delay time, Ipddr2_ck low to Ipddr2_cke tineke / CKE input setup / hold time
tiscke
DD202 ta(cikL-NCS) Delay time, Ipddr2_ck low to Ipddr2_ncs tn/ tis Address and control input
setup/hold time
DD203 ta(clk-ca) Delay time, Ipddr2_ck low to Ipddr2_caz® tin/ tis Address and control input
setup/hold time
DD204 twica) Pulse duration, Ipddr2_caz® high and low duration tipw Adress and control input pulse
width
DD200b ten(elk) Cycle time, Ipddr2_ck and Ipddr2_nck tckb Clock cycle time
DD201b tab(clkL-CKE) Delay time, Ipddr2_ck low to Ipddr2_cke tisckep / CKE input setup/hold time
tiHckeb
DD202b tab(clkL-NCS) Delay time, Ipddr2_ck low to Ipddr2_ncs tisb / tiHp Address and control input setup /
hold time
DD203b tab(cik-cA) Delay time, Ipddr2_ck low to Ipddr2_caz® tisb / tiHb Address and control input setup /
hold time
DD400 t.(0Qso) Cycle time, Ipddr2_dqsx® and Ipddr2_ndgsx® tek Clock period jitter
DD401 tw(DQSOH) Pulse duration, Ipddr2_dgsx™® and Ipddr2_ndgsx toosH DQS input high-level width
high duration
DD401 tw(osoL) Pulse duration, Ipddr2_dgsx® and Ipddr2_ndgsx® low | tpost. DQS input low-level width
duration
DD402 tsk(DQSO-NDQSO) Skew , Ipddr2_dgsx edge to opposite Vix Crossing point differential skew
Ipddr2_ndqsx® edge
DD403 t4(DQSO-DQOIDM) Delay time, Ifder_dqsx(l) to Ipddr2_dagy® and tos / ton DQ and DM input setup/hold time
Ipddr2_dmx®
DD404 t4(ov-DOSO) Delay time, Ipddr2_dgsx™® valid after Ipddr2_ck toss /tosn | DQS falling edge to CK setup /
transition hold time
DD405 td(clkv-DQSO0) Delay time, Ipddr2_ck valid to first Ipddr2_dqsx® edge tposs Write command to first DQS
latching transition
DD406 td(DQSOHZ-DQSOV) Delay time, IPder_dqsx(l) high impedance to twprE Write preamble
Ipddr2_dgsx® valid
DD407 typosov-posorz) | Delay time, Ipddr2_dgsx™ last edge to Ipddr2_dgsx® | typst Write postamble
high impedance state
DD408 tw(pQODM) Pulse duration, Ipddr2_dqy® and Ipddr2_dmx® high / | to;pw DQ gnd DM output pulse width
low duration
DD500 teacT-ACT)s Cycle time, ACTIVE to ACTIVE command tre ACTIVE to ACTIVE command
period
DD501 tw(srL)s Pulse duration, Ipddr2_cke during SELF REFRESH tekesR CKE MIN. pulse width during
low duration self-refresh (low pulse width
during self-refresh)
DD502 te(SRVAL)s Cycle time, SELF REFRESH to VALID command txsr Self refresh exit to next valid
command delay
DD503 taoPWDN)s Delay time, POWER DOWN exit time txp Exit power down to next valid
command delay
DD504 ta(PWDN)s Delay time, DEEP POWER DOWN command topp MINimun deep power down time
DD505 tc(RD-RD)s Cycle time, READ to READ command tcep LPDDR2-S4 CAS to CAS delay
DD506 tc(RD-PRE)s Cycle time, READ to PRECHARGE command trRTP Internal read to precharge
command delay
DD507 te(ACT-RD)s Cycle time, ACTIVE to READ command trReD RAS to CAS delay
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Table 6-20. LPDDR2 Switching Characteristics Correspondence Between Data Manual and LPDDR2

JEDEC Standard—(JESD209-2A)® (continued)

TIMING PARAMETERS JEDEC STANDARD PARAMETERS
REF. DESCRIPTION REF. DESCRIPTION
DD508 taPRE)s Delay time, PRECHARGE command (8-bank) trPab (8-bank) | ROW precharge time (all banks)
DD509 te(ACT-PRE)s Cycle time, ACTIVE to PRECHARGE command trAs Row active time
DD510 td(WRREC)s Delay time, WRITE recovery time twr Write recovery time
DD511 te(WR-RD)s Cycle time, WRITE to READ command twTr Internal write to read command
delay
DD512 tc(ACTBA-ACTBB)s Cycle time, ACTIVE bank A to ACTIVE bank B tRRD Active bank A to active bank B
command
DD513 te(ACT-4B-ACT)s Cycle time, four banks ACTIVE to ACTIVE command | teaw Four bank activate window
DD514 te(REF)s Cycle time, four banks REFRESH Command tRFCab Refresh cycle time
DD601 te(ACT-RDWR)N Cycle time, ACTIVE to READ or WRITE command trep / Activate to read / write command
treoMIN period
DD602 te(ACTBA-ACTBB)N Cycle time, ACTIVE bank A to ACTIVE bank B tRrRD Activate to activate command
command period (different row buffer)
DD603 te(acT-ACT)n Cycle time, ACTIVE to ACTIVE command tre Activate to activate command
period (same row buffer)
DD604 te(cas-cAS)n Cycle time, CAS to CAS command tcep CAS to CAS delay
DD605 te(WRREC-ACT)n Cycle time, WRITE recovery Time before ACTIVE twraA Write recovery time before
activate
DD606 te(wR-RD)n Cycle time, WRITE to READ command twTr Internal write to read command
delay
DD607 te(PRE-ACT)N Cycle time, PRECHARGE to ACTIVE command trp Preactive to activate command
period
DD608 te(ACT-PRE)N Cycle time, ACTIVE to PREACTIVE command trAs Activate to preactive command
period
DD609 te(EXPWDN-VAL)N Cycle time, EXIT POWER DOWN to next valid txp Exit power down to next valid
command command delay
DD700 taMRw) Delay time, MODE REGISTER WRITE command tMRW MODE REGISTER write
command period
DD701 td(MRR) Delay time, MODE REGISTER READ command tMRR MODE REGISTER read
command period
DD800 taQIni) Delay time, initialization calibration command tzoiniT Initialization calibration time
DD801 taocy) Delay time, long calibration command tzocL Long calibration time
DD802 taQcs) Delay time, short calibration command tzocs Short calibration time
DD803 td(QRESET) Delay time, calibration reset command tzQRESET Calibration reset time
(1) x=1[3:0]
(2 y=[31:0]
(3) z=19:0]
(4) The timing correspondence in this table means that a system equation exists between the Data Manual parameters and the JEDEC
ones.
6.5 Multimedia Interfaces

6.5.1

Camera Interface

The camera subsystem supports most of the raw image sensors available in the market. It contains two
serial interfaces compatible with the CCP, MIPI® CSI1, and CSI2 protocols.

The main serial interface, CSI21, supports up to 4 data lanes (824 Mb/s maximum with 4 data lanes (412
MHz), 1Gb/s maximum with 3, 2, or 1 data lane(s) (500 MHz)) using CSI2 MIPI® standard.

The secondary CSI22 interface provides both CSI2 and CCP2 / CSI1 modes:
+ CSI2 at 500 MHz (1 Gbps) in double data rate (DDR) mode
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* CCP2 at 325 MHz (650 Mbps) in double data rate (DDR) mode
* CSI1 at 208 MHz (208 Mbps) in single data rate (SDR) mode
6.5.1.1 Camera Serial Interface (CSI2)

CSI2 camera serial interface is a MIPI® (MIPI® CSI2) D-PHY compliant interface connecting a digital
camera module and a mobile phone application. This interface is made of three differential lanes, each of
them being configurable for carrying data or clock. The polarity of each wire of a lane is also configurable.

6.5.1.1.1 CSI21 and CSI22—High-Speed Mode

Table 6-22 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-44).

NOTE
If the skew degradation due to the interconnect (from the output transmitter ball to the input
receiver ball) between the clock and the data lanes is less than +170 ps (instead of £200 ps
in the MIPI D-PHY specification) then 1Gbps per data lane is achievable with 4 data lanes at
OPP100 operating point. This must be met for an interconnect length less than 10 cm.

Table 6-21. CSI21 and CSI22 Timing Conditions—High-Speed Mode®®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX

Input Conditions: Up to 3 data lanes

tr Input signal rise time®@ 0.135 0.4 * tyioNST MIN) ns

te Input signal fall time®? 0.135 0.4 * tyioNST MIN) ns

Input Conditions: 4 data lanes

tr Input signal rise time®@ 0.166 0.4 * tyioNST MIN) ns

te Input signal fall time® 0.166 0.4 * tyiINST MIN) ns

(1) For more information about ty nsT,miny timing, see the CS2, CS3, and CS6 parameters defined in Table 6-22.

(2) Rise time or fall time are evaluated between differential input high threshold V,pty and differential input low threshold Vpr,.
For more information about V|pty and V|p1. values, please see the MIPI D-PHY standard v1.0, High-Speed Receiver section.

(3) For more information on the PCB requirements, see Section A.4.3, MIPI D-PHY PCB Guidelines in OMAPA4.

Table 6-22. CSI21 and CSI22 Timing Requirements—High-Speed Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

Up to 3 Data Lanes

Cs1 1/t Frequency, input clock period 500 400 MHz

CS2,CS3  |tygnstmiyy | Minimum instantaneous unit interval 0.9% 1.154 ns

Ccs4 tsudv-ckiy | Setup time, data valid before clock rising | 0.135() 0.173® ns
edge

Cs5 th(clkH-dv) Hold time, data valid after clock rising 0.135) 0.173®) ns
edge

CS6 tuignsT,Miny | Minimum instantaneous bit duration 0.9 1.15 ns

4 Data Lanes

cs1 1/ te(eiky Frequency, input clock period 4120 400 MHz

CS2,CS3 tuignsT,Miny | Minimum instantaneous unit interval 1.11 1.15 ns

Ccs4 tsudv-ckHy | Setup time, input data valid before input | 0.166¢) 0.173® ns
clock rising edge

Cs5 th(clkH-dv) Hold time, input data valid after input 0.166) 0.173®) ns

clock rising edge
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Table 6-22. CSI21 and CSI22 Timing Requirements—High-Speed Mode®® (continued)

OPP100 OPP50 UNIT
MIN MAX MIN MAX

NO. PARAMETER

CS6 tuignsT,Miny | Minimum instantaneous bit duration 1.11 1.15 ns

(1) Related to the input maximum frequency supported by the CSI21 and CSI22 modules.

(2) The timing requirements are assured up to the minimum instantaneous bit duration.
(3) Setup/hold time = 0.15 x tUI(lNST,MIN)

(4) tygnsT M = tuivomy — 100 s
Where: tyinowm) IS the minimum unit interval. tynomy = 0.5 * tecik).-

(5) See DM Operating Condition Addendum for CORE OPP voltages.

(6) If the skew degradation due to the interconnect (from the output transmitter ball to the input receiver ball) between the clock and the
data lanes is less than +170 ps (instead of £200 ps in the MIPI D-PHY specification) then 1Gbps per data lane is achievable with 4 data
lanes at OPP100 operating point. This must be met for an interconnect length less than 10 cm.

CS1 =
cs3 i cs2
csi2_dwn ~ \ / \
i cs4 CS5 i CS6
csi2_dwn Data (j-1) X Datg j X Data_(j+1)
I‘ cs4 CS5 ~i CS6
csi2_dwn Data (k-1) X Data_k X Data_(k+1)

SWPS040-043

Figure 6-44. CSI21 and CSI22—High-Speed ModeW®?E)

(1) Incsi2z_dwn, wis equaltoxory, nisequaltoO, 1, 2, 3, or 4 and z is equal to 1 or 2.

(2) The use of each csi2z_dwn lane (clock or data) is software programmable with the CSI2[1 or 2] COMPLEXIO_CFGL1 register, by setting
bits field CLOCK_POSITION to 0x1, 0x2, 0x3, 0x4, Ox5.

(3) The polarity of each csi2z_dwn lane is software programmable with the CSI2[1 or 2]_COMPLEXIO_CFGL1 register, DATAI_POL bit field.

6.5.1.1.2 CSI21 and CSI22—Low-Power and Ultralow-Power Modes

Table 6-24 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-45).

Table 6-23. CSI21 and CSI22 Timing Conditions—Low-Power and Ultralow-Power Modes®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time® 2.6 25 ns
te Input signal fall time® 2.6 25 ns

(1) Rise or fall time between 15% and 85% of the full signal swing. Input rise and fall times (tg and tg) are not applicable for clock lane.
(2) For more information on the PCB requirements, see Section A.4.3, MIPI D-PHY PCB Guidelines in OMAPA4.

Table 6-24. CSI21 and CSI22 Timing Requirements—Low-Power and Ultralow-Power Modes®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
cs7 ty(pstate) | Duration of a low-power state® 20 20 ns
te(xorclk) Period of the LP exclusive-OR clock 90 90 ns
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(1) Low-power and ultralow-power communication modes are asynchronous, data is Spaced-One-Hot bit encoded, data transfer clock is
recovered by means of an XOR between csi2z_dxn and csi2z_dyn withn =0, 1, 2, 3, or 4 and z is equal to 1 or 2. For more information
about the LP exclusive-OR clock, see Table 19 of MIPI D-PHY standard v1.0.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

CS1
cs3 i cs2
csi2_dwn — \ / \
I‘ Ccs4 cs5 ~I cs6
csi2_dwn Data (j-1) X Datd X Data (j+1)
i Ccs4 Ccs5 i Ccs6
csi2_dwn Data_(k-1) X Data k X Data_(k+1)

Q) In

SWPS040-044

Figure 6-45. CSI21 and CSI22—Low-Power and Ultralow-Power Modes®®

csi2z_dxn and csi2z_dyn, nis equal to 0, 1, 2, 3, or 4 and z is equal to 1 or 2.

(2) Low-power and ultralow-power communication modes are asynchronous, data is Spaced-One-Hot bit encoded, data transfer clock is
recovered by means of an XOR between csi2[1 or 2]_dxn and csi2[1 or 2]_dyn.

6.5.1.2 Camera Serial Interface (CCP2—CSI22)

Camera serial interface CCP2 is a MIPI serial interface supporting the following input data formats:
YUV420, YUV422, RGB444, RGB565, RGB888, RAW6, RAW7, RAWS8, RAW10, RAW12, or JPEGS.
Clock and data are transferred on a differential SubLVDS link.

Table 6-26 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-46 and Figure 6-47).

Table 6-25. CCP2—CSI22—Timing Conditions®

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
CCP2 - Class 0 and Class 1/2 Input Conditions
tr Input signal rise time® 0.3 0.6 ns
te Input signal fall time® 0.3 0.6 ns
Atgp Difference between rise / fall time of input data and input clock -0.1 0.1 ns
(1) Rise or fall time between 20% and 80% of the full signal swing.

(2) For more information on the PCB requirements, see Section A.4.3, MIPI D-PHY PCB Guidelines in OMAP4.

Table 6-26. CCP2—CSI22—Timing Requirements®

NO. PARAMETER OPP100 OPP50 UNIT
MN | mMAX | MIN | mAX
CCP2 - Class 0
CSo 1/ ty(sub Frequency@, input clock 208 208 MHz
CSL, | tustb) Pulse duration, input clock high or low 0.45*PW | 0.55*PW | 0.45+PM) | 0.55+pM) ns
CS2
CS3 tsu(datv-strbH) Setup time, input data valid before input clock rising edge 0.8 0.8 ns
Cs4 th(strbH-datv) Hold time, input data valid after input clock rising edge 0.8 0.8 ns
CCP2-Class 1
CS10 |1/ tysyn) Frequency®, input strobe 208 208 MHz
ggll, tw(strb) Pulse width, input strobe and input data 11 11 ns
17
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Table 6-26. CCP2—CSI22—Timing Requirements® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

CS12 tsk(datv-strbH) Skew time, input data valid before input strobe rising 0.78 0.78 ns
edge

CS13 tsk(strbH-datv) Skew time, input data valid after input strobe falling edge 0.78 0.78 ns

CCP2 - Class 2

CS10 |1/ tystm) Frequency®, input strobe 325 325 MHz

CS11, | ty(st) Pulse width, input strobe and input data 1.1 1.1 ns

CS17

CS12 tsk(datv-strbH) Skew time, input data valid before input strobe rising 0.78 0.78 ns
edge

CS13 tsk(strbH-datV) Skew time, input data valid after input strobe falling edge 0.78 0.78 ns

(1) P = clock period in ns

(2) The maximum clock frequency of the CCP2 must be chosen to be the lowest possible for the application / transmitting device to reduce
the power consumption of the sensor, the 10 pad of the device and the camera core module itself.

(3) See DM Operating Condition Addendum for CORE OPP voltages.

»!
| CSo g Cs1 4,'7 CS2 —bl
ccpv2_dx0.ccpv2_dy0 / 79—\ / \ / \

CS12 CS13
ccpv2_dx1.ccpv2_dy1 (](] X X /

SWPS040-045

Figure 6-46. CCP2—CSI22—Class 0@
(1) ccpv2_dx0/ccpv2_dy0 and ccpv2_dxl/ccpv2_dyl are the result of low-voltage differential data signal converters (see the Camera
Subsystem in OMAP4430 TRM).
(2) The CCP2 receives up to 208 Mbps data rate or data/clock transmission.
(3) The CCP2 supports YUV422, YUV420, Bayer RGB444, RGB565, RGB888, RAW Bayer 6-, 7-, 8-, 10-, and 12-bit, and JPEG8 input data

formats.
Cs10
| | |—>| Cs11
cepv2_dx0.cepv2_dy0 J{ X X X X X X A
CS12 CS13
ccpv2_dx1.ccpv2_dy1 \ X X X X X X /

SWPS040-046

Figure 6-47. CCP2—CSI22—Class 1, Class 210G

(1) ccpv2_dx0/cepv2_dy0 and ccpv2_dx1l/ccpv2_dyl are the result of low-voltage differential data signal converters (see the Camera
Subsystem in OMAP4430 TRM).

(2) The CCP2 receives up to 208 Mbps data rate or data/clock transmission and up to 416 or 650 Mbps data rate for data/strobe
transmission.

(3) The CCP2 supports YUV422, YUV420, Bayer RGB444, RGB565, RGB888, RAW Bayer 6-, 7-, 8-, 10-, and 12-bit, and JPEG8 input data
formats.
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6.5.2 Display Subsystem Interface

NOTE
For more information, see the Display Subsystem chapter in the OMAP4430 TRM.

The display subsystem (DSS) provides the logic to display a video frame from the memory frame buffer on
a liquid-crystal display (LCD) panel or a TV set. The modules integrated in the display subsystem are:

» Display controller (DISPC)

* Remote Frame Buffer Interface (RFBI)
+ Display Serial Interface (DSI)

* NTSC/PAL video encoder (VENC)

NOTE
The NTSC/PAL video encoder (VENC) is not described in the OMAP4430 Data Manual.

» High Definition Multimedia Interface (HDMI)

6.5.2.1 DSS—Display Controller (DISPC)

The DISPC interface consists of:

* 24-bit data bus

* Horizontal synchronization signal (HSYNC)

» Vertical synchronization signal (VSYNC)

+ Data enable (DE)

+ Pixel clock (PCLK)

This interface is functionally compliant to MIPI DPI standard revision 1.0 and delivers the parallel pixel /

synchronization signals of the secondary LCD pipeline. DSI1 output must be deactivating when DISPC2
port is used.

6.5.2.1.1 DSS—DISPC—Quad eXtended Graphics Array (QXGA) Application—SDR Mode

Table 6-28 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-48).

Table 6-27. DISPC Timing Conditions—QXGA SDR Mode®®@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
PCB Conditions®
Number of external peripherals
Far end load 5 pF
Trace length 2 cm
Characteristics impedance 30 50 Q

(1) 10 settings: DSO = 1.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) Minimize the number of vias by layer transitions.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-28. DISPC Switching Characteristics—QXGA SDR Mode®
NO. PARAMETER OPP100 UNIT
MIN MAX
D1 1/ tegpelky Frequency®, output pixel clock dispc2_pclk 170 MHz
D2 tw(pcikl) Pulse duration, output pixel clock dispc2_pclk low 0.5+p®@ ns
D3 t(pclkH) Pulse duration, output pixel clock dispc2_pclk high 0.5+p®@ ns
tac(pelk) Duty cycle error, output pixel clock dispc2_pclk -118 118 ps
tioclk) Jitter standard deviation®, output pixel clock dispc2_pclk 39 ps
tR(pclk) Rise time, output pixel clock dispc2_pclk 1066 ps
tr(ocik) Fall time, output pixel clock dispc2_pclk 959 ps
D4 ta(pika- Delay time, output pixel clock dispc2_pclk transition to output vertical -1832 332 ps
vsyncv) synchronization dispc2_vsync valid
tRvsync) Rise time, output vertical synchronization dispc2_vsync 1066 ps
trwsync) Fall time, output vertical synchronization dispc2_vsync 959 ps
D5 td(pclka- Delay time, output pixel clock dispc2_pclk transition to output -1832 332 ps
hsyncv) horizontal synchronization dispc2_hsync valid
tR(hsync) Rise time, output horizontal synchronization dispc2_hsync 1066 ps
tr(hsync) Fall time, output horizontal synchronization dispc2_hsync 959 ps
D6 ta(pclka-dv) Delay time, output pixel clock dispc2_pclk transition to output data -1832 332 ps
dispc2_data[23:0] valid
tr(d) Rise time, output data dispc2_data[23:0] 1066 ps
tr) Fall time, output data dispc2_data[23:0] 959 ps
D7 tapeika-dev) | Delay time, output pixel clock dispc2_pclk transition to output data -1832 332 ps
enable dispc2_de valid
tr(de) Rise time, output data enable dispc2_de 1066 ps
tr(de) Fall time, output data enable dispc2_de 959 ps
D8 tapekasiavy | Delay time, output pixel clock dispc2_pclk transition to output field 1D -1832 332 ps
dispc2_fid valid
tR(fid) Rise time, output field ID dispc2_fid 1066 ps
tr(ria) Fall time, output field ID dispc2_fid 959 ps
(1) Related to the output dispc2_clk® maximum frequency programmable.
(2) P = output dispc2_pclk period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-48. DSS—DISPC—QXGA SDR Application®@E)#G)6)

(1) The configuration of assertion of the data can be programmed on the falling edge or rising edge of the pixel clock.

(2) In progressive mode, dispcx_fid signal is set to 0. In interlaced mode, the dispcx_fid signal toggles on the back edge of the vertical
pulse.

(3) The polarity and the pulse width of dispcx_hsync and dispcx_vsync are programmable; see the DSS chapter in the OMAP4430 TRM.
(4) The dispcx_pclk® frequency can be configured, see DSS chapter in the OMAP4430 TRM.

(5) Indispex_clk, x = 2

(6) For more information, see the DISPC chapter in the OMAP4430 TRM.
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6.5.2.2 DSS—Remote Frame Buffer Interface (RFBI) Applications

6.5.2.2.1 DSS—Remote Frame Buffer Interface (RFBI)—MIPI DBI12.0—LCD Panel

NOTE
For more information, see the Remote Frame Buffer Interface chapter in the OMAP4430
TRM.

The remote frame buffer interface (RFBI) module is part of the display subsystem that provides the logic to
display a picture from the memory frame buffer (SDRAM or SRAM) on a liquid-crystal display (LCD) panel.

Table 6-30 and Table 6-31 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-49 through Figure 6-51).

Table 6-29. DSS—RFBI Timing Conditions—LCD Panel®®?©)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 15 ns
te Input signal fall time 15 ns
PCB Conditions
Number of external peripherals 1
Far end load 30 pF
Trace length 20 cm
Characteristics impedance 20 50 Q

(1) 10 settings: DSO = 0.
For more information, see Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 30% to 70% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-30. DSS—RFBI Timing Requirements—LCD Panel

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DRO tsu(datav-ribi_rdH) ﬁ‘et#p time, rfbi_data[n:0]® valid to rfbi_rd 20 20 ns
9
DR1 th(fbi_rdH-datalvy | Hold time, rfbi_rd high to rfbi_data[n:0]® 5.6 5.6 ns
invalid
td(Data sampled) | Ibi_data are sampled at the end of the access NO ND ns
time
(1) N = (AccessTime) * (TimeParaGranularity + 1) * L3CLK
(2) rfbi_data[n:0], nupto 8
Table 6-31. DSS—RFBI Switching Characteristics—LCD Panel
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
turfbi_ wrH) Pulse duration, rfbi_we high A AQ ns
tw(rtbi wrl) Pulse duration, rfbi_we low B®@ B@ ns
to(tbi_a0-bi wr) | Delay time, rfbi_a0 transition to rfbi_we low c® c® ns
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Table 6-31. DSS—RFBI Switching Characteristics—LCD Panel (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN | MAX

to(tbi wrH-ribi_a0) | Delay time, rfbi_we high to rfbi_a0 transition D™ D@ ns

ta(tbi_csxribi wiy | Delay time, rfbi_csx®) low to rfbi_we low E® E® ns

to(etbi_wrk- Delay time, rfbi_we high to rfbi_csx4 high F© F® ns

rfbi_csxH)

td(datav) Output rfbi_data[n:0]*® valid G G ns

tsk(Skew) Skew between output write enable falling 1.81 1.81 ns
rfbi_we and output rfbi_data[n:0]*® high or
low

ta(rii_aoH-ribi_ray | Delay time, rfbi_a0 high to rfbi_re low H® HE® ns

ta(ribi_rdiH-ribi_ao) | Delay time, rfbi_re high to rfbi_a0 transition 1) 1©) ns

t(rbi_rdH) Pulse duration, rfbi_re high J(10) J(10) ns

t(ribi_rdL) Pulse duration, rfbi_re low KD KD ns

ta(efbi_rdLrfbi_csxt) | Delay time, ribi_re low to rfbi_csx™® low L2 L(12) ns

Lo (rfbi_rdH-ribi_csx) | Delay time, ribi_re high to rfbi_csx* high M3) M(L3) ns

tR(rbi_wr) Rise time, rfbi_we 8 8 ns

tF(rfbi_wr) Fall time, rfbi_we 8 8 ns

tRr(bi_a0) Rise time, rfbi_a0 8 8 ns

tF(rfbi_aO) Fall time, rfbi_a0 8 8 ns

tR(rbi_csx) Rise time, rfbi_csx®* 8 8 ns

tr(bi_csx) Fall time, rfbi_csx¥ 8 8 ns

tR(fbi_da) Rise time, rfbi_data[n:0]® 8 8 ns

t-(ribi_da) Fall time, rfbi_data[n:0]*%) 8 8 ns

tR(rfbi_rd) Rise time, rfbi_re 8 8 ns

tF(rfbi_rd) Fall time, rfbi_re 8 8 ns

CsOnTime CS signal assertion time from Start Access 0016 ns
Time — RFBI_ONOFF_TIME Register

CsOffTime CS signal de-assertion time from Start Access 65(16) ns
Time — RFBI_ONOFF_TIME Register

WeOnTime WE signal assertion time from Start Access 1016) ns
Time — RFBI_ONOFF_TIME Register

WeOffTime WE signal de-assertion time from Start Access 30(16) ns
Time — RFBI_ONOFF_TIME Register

ReOnTime RE signal assertion time from Start Access 30116) ns
Time — RFBI_ONOFF_TIME Register

ReOffTime RE signal de-assertion time from Start Access 65(16) ns
Time — RFBI_ONOFF_TIME Register

WeCycleTime | Write cycle time — 50(16) ns
RFBI_CYCLE_TIME_Register

RdCycleTime | Read cycle time — 65(16) ns
RFBI_CYCLE_TIME_Register

CsPulseWidth | CS pulse width — 0016 ns
RFBI_CYCLE_TIME_Register

@
@
®
4)

(®)
Q)
@)
®)

A = (WeCycleTime — WeOffTime) * (TimeParaGranularity + 1) * L3CLK
B = (WeOffTime — WeOntime) * (TimeParaGranularity + 1) * L3CLK

C = (WEOnNTime) * (TimeParaGranularity + 1) * L3CLK

D = (WeCycleTime + CsPulseWidth — WeOffTime) * (TimeParaGranularity + 1) * L3CLK. * if mode Write to Read or Read to Write is

enabled

E = (WeOnTime — CsOnTime) * (TimeParaGranularity + 1) * L3CLK
F = (CsOffTime — WeOffTime) * (TimeParaGranularity + 1) * L3CLK
G = (WeCycleTime) * (TimeParaGranularity + 1) * L3CLK

H = (ReOnTime) * (TimeParaGranularity + 1) * L3CLK
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(9) | = (ReCycleTime + CsPulseWidth — ReOffTime) * (TimeParaGranularity + 1) * L3CLK. * if mode Write to Read or Read to Write is
enabled

(10) J = (ReCycleTime — ReOffTime) * (TimeParaGranularity + 1) * L3CLK
(11) K = (ReOffTime — ReOntime) * (TimeParaGranularity + 1) * L3CLK
(12) L = (ReOnTime — CsOnTime) * (TimeParaGranularity + 1) * L3CLK
(13) M = (CsOffTime — ReOffTime) * (TimeParaGranularity + 1) * L3CLK
(14) In RFBI_nCSx, x is equal to 0.

(15) rfbi_data[n:0], nup to 8

(16) These values are calculated by the following formula: RFBI registers values * L3 Clock (ns), with L3 clock = 200 MHz. See Table 6-32
for the RFBI registers values.

Table 6-32. DSS—RFBI Registers Configuration—LCD Panel®

DESCRIPTION REGISTER AND BIT FIELD BIT VALUES
CS signal assertion time from Start Access Time RFBI_ONOFF_TIME & CSONTIME [3:0] 0b0000
CS signal de-assertion time from Start Access Time RFBI_ONOFF_TIME & CSOFFTIME [9:4] 0b001101: 13 cycles
WE signal assertion time from Start Access Time RFBI_ONOFF_TIME & WEONTIME [13:10] | Ob0010: 2 cycles
WE signal de-assertion time from Start Access Time | RFBI_ONOFF_TIME & WEOFFTIME [19:14] | Ob000110: 6 cycles
RE signal assertion time from Start Access Time RFBI_ONOFF_TIME & RDONTIME [23:20] | Ob000110: 6 cycles
RE signal de-assertion time from Start Access Time RFBI_ONOFF_TIME & REOFFTIME [29:24] | 0b001101: 13 cycles
Write cycle time RFBI_CYCLE_TIME & WECYCLETIME [5:0] 0b001010: 10 cycles
Read cycle time RFBI_CYCLE_TIME & RECYCLETIME [11:6] |Ob001101: 13 cycles
CS pulse width RFBI_CYCLE_TIME & CSPULSEWIDTH [17:12] | Ob000000O
1) _Ilz_cérMmore information on the RFBI registers, see the Display Subsystem / Remote Frame Buffer Interface section of the OMAP4430
— AccessTime | —— AccessTime —
ReCycleTime & ReCycleTime | ————
»{ CsPulseWidth
rfbi_a0 /
CsOffTime ——————— CsOffTime —
—>| CsOnTime —>| CsOnTime
rfbi_csx _\ / \ /_
ReOffTime - ReOffTime ——»
4—| ReOnTime 4—| ReOnTime
rfbi_re A | \
)RO+——| DR1
rfbi_data[n:0] X~ DATA0 X X__ DATA1 )
rfbi_we

rfbi_te_vsync0O
rfbi_hsyncO

SWPS040-048

Figure 6-49. DSS—RFBI—Command / Data Write—LCD Panel®®@®)

(1) In rfbi_csx, x is equal to O.
(2) In rfbi_data[n:0], nup to 8
(3) For more information, see the Display Subsystem chapter in the OMAP4430 TRM.
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» CsPulseWidth

WeCycleTime ———— WeCycleTime ———»

rfbi_a0
———— CsOffTime CsOffTime
—>| CsOnTime —>|CsOnTime
rfbi_csx \ / \ / _

——— WeOffTime ——— WeOffTime

4>|WeOnTime 4>| WeOnTime
rfbi_we \ / \ /
o_itelr:0] I DATAD  E— DATAT

rfbi_re

rfbi_te_vsyncO

rfbi_hsyncO

SWPS040-049
Figure 6-50. DSS—RFBI—Command / Data Read—LCD Panel®@®)
(1) In rfbi_csx, x is equal to 0.

(2) In rfbi_data[n:0], nup to 8
(3) For more information, see the Display Subsystem chapter in the OMAP4430 TRM.

—— WECylceTime —»| —— ReCylceTime —»
— AccessTime | —— WECylceTime —|
rfbi_a0
CsOffTime — CsOffTime —» —— CsOffTime
—>|CsOnTime 4.‘ —>|CsOnTime ——|CsOnTime 4.‘

Moi_csx |\ / \ \ —
— WEOffTime — WEOffTime
—>|WEOr:':1me —>|WEOn';'we

rfbi_we \ / [T

—— ReOffTime —|
—>| ReOnTime
rfbi_re \
» CsPulseWidth » CsPulseWidth

rfbi_datafn:0] EEETTTY WRITE S G, S write YO
ribi_te_vsynco e e —/# """
fbi_hsynco

SWPS040-050

Figure 6-51. DSS—RFBI—Command / DataWrite to Read and Read to Write—LCD Panel®®®)

(1) In rfbi_csx, x is equal to 0.
(2) In rfbi_data[n:0], nup to 8
(3) For more information, see the Display Subsystem chapter in the OMAP4430 TRM.
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6.5.2.2.2 DSS—Remote Frame Buffer Interface (RFBI)—Pico DLP

The Remote Frame Buffer Interface (RFBI) module can provide also the necessary control signals and
data to interface to the Pico DLP driver of the Pico DLP panel.

Table 6-34 assume testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-52).

Table 6-33. DSS—RFBI Timing Conditions—Pico DLP®®AE)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 10 cm
Characteristics impedance 30 50 Q

(1) 10 settings: DSO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-34. DSS—RFBI Switching Characteristics—Pico DLP1&(X7)(18)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
tw(rbi_wrH) Pulse duration, rfbi_we high AQ A ns
tw(rfbi_wrl) Pulse duration, rfbi_we low B®@ B®@ ns
U (rfbi_a0-rfbi_wrL) Delay time, rfoi_a0 transition to rfbi_we low c® c® ns
U (rfbi_wrH-rfbi_a0) Delay time, rfbi_we high to rfbi_a0 transition D@ D@ ns
U (rfbi_csx-rfbi wrL) Delay time, rfbi_csx low to rfbi_we low E®) 9G] ns
L (rfbi_ wrH-rfbi_csxH) Delay time, rfbi_we high to rfbi_csx¥ high F©) £©) ns
td(datav) Output rfbi_data[n:0]* valid c™ " ns
tsk(Skew) Skew between output write enable falling 15.6 15.6 ns
rfbi_we and output rfbi_data[n:0]*>) high or
low
ti(rfbi_aOH-rfbi_rdL) Delay time, rfbi_a0 high to rfbi_re low H®) H®) ns
t(rfbi_rdiH-rfbi_a0) Delay time, rfbi_re high to rfbi_a0 transition Q) 19 ns
tw(rfbi_rdH) Pulse duration, rfbi_re high J@0) 3010 ns
tw(rfbi_rdL) Pulse duration, rfbi_re low KAy K@D ns
U (efbi_rdLrfbi_csxL) Delay time, rfbi_re low to rfbi_csx** low L(12 L12) ns
U (rfbi_rdH-rfbi_csxH) Delay time, rfbi_re high to rfbi_csx®* high M(3) M(23) ns
tR(rfbi_wr) Rise time, rfbi_we 7 7 ns
L (rfbi_wr) Fall time, rfbi_we 7 7 ns
tR(rfbi_a0) Rise time, rfbi_a0 7 7 ns
tF(rfbi_a0) Fall time, rfbi_a0 7 7 ns
tR(rfbi_csx) Rise time, rfbi_csx(®¥ 7 7 ns
tE(rtbi_csv) Fall time, rfbi_csx(¥ 7 7 ns
tR(rfbi_da) Rise time, rfbi_data[n:0]*> 7 7 ns
e (bi_da) Fall time, rfbi_data[n:0]*) 7 7 ns
tR(rfbi_rd) Rise time, rfbi_re 7 7 ns
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Table 6-34. DSS—RFBI Switching Characteristics—Pico DLP®9(118) (continued)

RFBI_CYCLE_TIMEL_Register

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

tE(ribi_rd) Fall time, rfbi_re 7 7 ns

CsOnTime CS signal assertion time from Start Access 019 ns
Time — RFBI_ONOFF_TIMEL1 Register

CsOffTime CS signal de-assertion time from Start 4019 ns
Access Time — RFBI_ONOFF_TIME1
Register

WeOnTime WE signal assertion time from Start Access 0@ ns
Time — RFBI_ONOFF_TIME1 Register

WeOffTime WE signal de-assertion time from Start 2019 ns
Access Time — RFBI_ONOFF_TIME1
Register

ReOnTime RE signal assertion time from Start Access - ns
Time — RFBI_ONOFF_TIME1 Register

ReOffTime RE signal de-assertion time from Start - ns
Access Time — RFBI_ONOFF_TIME1
Register

WeCycleTime Write cycle time — 40019 ns
RFBI_CYCLE_TIME1_Register

ReCycleTime Read cycle time — - ns
RFBI_CYCLE_TIME1_Register

CsPulseWidth CS pulse width — 019 ns

(1) A = (WeCycleTime — WeOffTime) * (TimeParaGranularity + 1) * L3CLK
(2) B = (WeOffTime — WeOntime) * (TimeParaGranularity + 1) * L3CLK
(3) C = (WEOnTime) * (TimeParaGranularity + 1) * L3CLK

(4) D = (WeCycleTime + CsPulseWidth — WeOffTime) * (TimeParaGranularity + 1) * L3CLK

* if mode Write to Read or Read to Write is enabled.
(5) E =(WeOnTime — CsOnTime) * (TimeParaGranularity + 1) * L3CLK
(6) F = (CsOffTime — WeOffTime) * (TimeParaGranularity + 1) * L3CLK
(7) G = (WeCycleTime) * (TimeParaGranularity + 1) * L3CLK
(8) H = (ReOnTime) * (TimeParaGranularity + 1) * L3CLK

(9) I = (ReCycleTime + CsPulseWidth — ReOffTime) * (TimeParaGranularity + 1) * L3CLK
* if mode Write to Read or Read to Write is enabled.

(10) J = (ReCycleTime — ReOffTime) * (TimeParaGranularity + 1) * L3CLK
(11) K = (ReOffTime — ReOntime) * (TimeParaGranularity + 1) * L3CLK
(12) L = (ReOnTime — CsOnTime) * (TimeParaGranularity + 1) * L3CLK
(13) M = (CsOffTime — ReOffTime) * (TimeParaGranularity + 1) * L3CLK

(14) In RFBI_nCSx, x is equal to 0.
(15) rfbi_data[n:0], n up to 15.

(16) See DM Operating Condition Addendum for CORE OPP voltages.
(17) At OPP100, L3 clock is 200 MHz and at OPP50, L3 clock is 100 MHz.

(18) rfbi_wr must be at 25 MHz.

(19) These values are calculated by the following formula: RFBI Register (Values) * L3 Clock (ns), with L3 clock = 200 MHz.
See Table 6-35 for the RFBI registers values.
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Table 6-35. DSS—RFBI Register Configuration—Pico DLP®

DESCRIPTION REGISTER AND BIT FIELD BIT VALUES
CS signal assertion time from Start Access Time RFBI_ONOFF_TIME1 & CSOnTime [3:0] 0b0000
CS signal de-assertion time from Start Access Time RFBI_ONOFF_TIME1 & CSOffTime [9:4] 0b001000: 8 cycles
WE signal assertion time from Start Access Time RFBI_ONOFF_TIME1 & WEONTime [13:10] 0b0000
WE signal de-assertion time from Start Access Time RFBI_ONOFF_TIME1 & WEOffTime [19:14] 0b000100: 4 cycles
RE signal assertion time from Start Access Time RFBI_ONOFF_TIME1 & REOnTime [23:20] 0b0000
RE signal de-assertion time from Start Access Time RFBI_ONOFF_TIME1 & REOffTime [29:24] 0b0000
Write cycle time RFBI_CYCLE_TIME1 & WECycleTime [5:0] 0b001000: 8 cycles
Read cycle time RFBI_CYCLE_TIME1 & RdCycleTime [11:6] 0b0000
CS pulse width RFBI_CYCLE_TIME1 & CSPulseWidth [17:12] 0b0000
Read to Write CS pulse width enable RFBI_CYCLE_TIME1 & RWEnable [18] 0bO
Read to Read CS pulse width enable RFBI_CYCLE_TIME1 & RREnable [19] 0b0
Write to Write CS pulse width enable RFBI_CYCLE_TIME1 & WWEnable [20] 0b0
Write to Read CS pulse width enable RFBI_CYCLE_TIME1 & WREnable [21] 0b0
;rg?r;tzgtgi;?tﬁr?me to CLK rising edge used for | pep) cyveLE TIMEL & AccessTime [27:22] 0b0000
Latencies multiplied by 2. RFBI_CONFIG1 & TimeParaGranularity [4] 0b0: x2 latency disable

(1) For more information on the RFBI registers, see the Display Subsystem / Remote Frame Buffer Interface section of the OMAP4430

TRM.
— AccessTime | —— AccessTime —
ReCycleTime & ReCycleTime | ———»
» CsPulseWidth
rfbi_a0 /
————— CsOffTime ——————— CsOffTime —
——| CsOnTime ——| CsOnTime
rfbi_csx —\ / \ [
ReOffTime - ReOffTime ——»
4>| ReOnTime 4>| ReOnTime
rfbi_re A | \
[ )R0+—>| DR1
rfbi_data[n:0] X" DATAO X X__ DATA1 )
rfbi_we

rfbi_te_vsyncO
rfbi_hsyncO

Figure 6-52. DSS—RFBI—Command / Data Write—Pico DLPM@®)

(1) In rfbi_csx, x is equal to O.
(2) In rfbi_data[n:0], n up to 15

(3) For more information, see the Display Subsystem chapter in the OMAP4430 TRM.
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6.5.2.3 Display Serial Interface (DSI1)

NOTE
For more information, see the MIPI Display Serial chapter in the OMAP4430 TRM.

Display Serial Interface is a MIPI D-PHY compliant interface connecting a display module and a mobile
phone application. This interface is made of three differential lanes, each of them being configurable for
carrying data or clock. The polarity of each wire of a lane is also configurable.

6.5.2.3.1 DSS—DSI—High-Speed Mode

Table 6-36 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-53).

Table 6-36. DSS—DSI Switching Characteristics—High-Speed Mode@®®)6)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
DSI1 and DSI2 — Up To 3 Data Lanes
DSI1 |1/ tyek Flreqkuency(l), output 40 450 40 450 MHz
clocl

DSI1 — 4 Data Lanes

DSI1 1/ teeiky Frequency®, output 40 412 40 412 MHz
clock

DSI1 and DSI2 — Up To 3 Data Lanes Or 4 Data Lanes

DSI2, tuiNom] Instantaneous unit tegeny / 2 tegeny / 2 ns

DSI3 interval

DSl4 tUI(INST,MIN) Instantaneous bit tUI[NOM] - tUI[NOM] - ns
duration GuignsT,MINY) GiUIINST, MIN))

tj(UI(INST,MIN)) Total jltter / 2.5% * tUI[NOM] + 2.5% * tUI[NOM] + ns

uncertainty on 0.05 0.05

instantaneous unit
interval including clock
jitter, DSI PHY
transmitter jitter and
duty cycle degradation

DSI5 | ty(ckaE-av) Delay time, clock 50% * 50% * ty|oNST MIN) 50% * 50% * tyioNsST MIN) ns
active edge to next tuiNsT,MIN) — + tskew tuiaNsT,MIN) — + tskew
data valid or delay tskEw tskew

time, previous data
valid to clock active
edge

tskew -Lane to lane skew 15% * tUl(lNST,MlN) 15% * tUl(lNST,MlN) ns
introduced by DSI
PHY transmitter

tR(DXi-DYi) Rise time, dsim_dxn, 0.150 0.3* tUI(INST,MIN) 0.150 0.3* tUI(INST,MIN) ns
dsim_dyn®, (20% to
80%)
tF(DXi-DYi) Fall time, dsim_dxn, 0.150 0.3* tUI(INST,MIN) 0.150 0.3* tUI(INST,MIN) ns
dsim_dyn®, (20% to
80%)

(1) Related to the maximum frequency supported by the DSI module.

(2) The timing requirements are assured up to the minimum instantaneous bit duration.
(3) Indsim_dxn and dsim_dyn, m is equal to 1 or 2, and n is equal to 0, 1, 2, 3, or 4 for DSI1 and n is equal to 0, 1, or 2 for DSI2.

(4) No specific capacitive load is needed in DSI high-speed mode. The PCB interconnect must be 50-Q transmission line on DSI
dsim_dx[2;0] and DSI dsim_dy[2;0]. DSI dsim_dx[2;0] and DSI dsi_dy[2;0] lines must be well matched. See Chapter 7 of the MIPI
D-PHY standard v1.0 for completes specification of the Interconnect.

(5) See DM Operating Condition Addendum for CORE OPP voltages.
(6) For more information on the PCB requirements, see Section A.4.3, MIPI D-PHY PCB Guidelines in OMAPA4.
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DSI3 ~f DSI2
dsi_dwn  \ /
Ii DSI54H DSI54>|7 DSI5—»——— DS|5—>\
dsi_dwn Data (j-1) X Data j X Data_(j+1) x:
| DSl4 > DSl4 |
dsi_dwn Data (k-1) ) Data_k X Data_(k+1) )

SWPS040-051
Figure 6-53. DSS—DSI—High-Speed Mode®®®)

(1) Indsim_dwn, wis equal to x ory, mis equal to 1 or 2, and n is equal to 0, 1, 2, 3, or 4 for DSI1 and n is equal to 0, 1, or 2 for DSI2.

(2) The use of each dsim_dwn(l) lane (clock or data) is software programmable with the DSI_COMPLEXIO_CFG1 register. For more
information, see the Display Subsystem chapter in the OMAP4430 TRM.

(3) The polarity of each dsim_dwn® lane is software programmable with the DSI_COMPLEXIO_CFGL register. For more information, see
the Display Subsystem chapter in the OMAP4430 TRM.

6.5.2.3.2 DSS—DSI—Low-Power and Ultralow-Power Modes

Table 6-38 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-54).

Table 6-37. DSS—DSI Timing Conditions—Low-Power and Ultralow-Power Modes®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX

Output Condition

CLoab ‘ Output load capacitance 0 ‘ 600 ‘ pF

(1) The maximum capacitive load for the DSI low-power mode is equal to 60 pF. See Chapter 8 of the MIPI D-PHY standard v1.0 for
complete specification on the electrical characteristics. The PCB interconnect must be 50-Q transmission line on DSI dsim_dx[n;O](z) and
DSI dsim_dy[n;0]®. DSI dsim_dx[n;0]® and DSI dsim_dy[n;0]® lines must be well matched. See Chapter 7 of the MIPI D-PHY standard
v1.0 for complete specification of the interconnect.

(2) In dsim_dxn and dsim_dyn, m is equal to 1 or 2, and n is equal to 0, 1, 2, 3, or 4 for DSI1 and n is equal to 0, 1, or 2 for DSI2.
(3) For more information on the PCB requirements, see Section A.4.3, MIPI D-PHY PCB Guidelines in OMAP4

Table 6-38. DSI Switching Characteristics—Low-Power and Ultralow-Power Modes®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DSI6 tw(xoRclk) Pulse width of the LP First LP exclusive-OR 40 40 ns
exclusive-OR clock® | clock® pulse after Stop
state or last pulse
before Stop state
All other pulses 20 20 ns
texoreky | Period of the LP exclusive-OR clock®) 90 90 ns
treotp) | Rise time, dsim_dxn, dsim_dyn® 35 35 ns
tr(LP) Rise time, dsim_dxn, dsim_dyn®@® for a 5-pF C,_ 2.6 25 2.6 25 ns
load
Rise time, dsim_dxn, dsim_dyn®@® for a 20-pF 3.1 25 3.1 25
C, load
Rise time, dsim_dxn, dsim_dyn®@® for a 70-pF 5.1 25 5.1 25
C, load
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Table 6-38. DSI Switching Characteristics—Low-Power and Ultralow-Power Modes® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
trLp) Fall time, dsim_dxn, dsim_dyn®® or a 5-pF C_ 2.6 25 2.6 25 ns
load
Fall time, dsim_dxn, dsim_dyn®® or a 20-pF C, 31 25 3.1 25
load
Fall time, dsim_dxn, dsim_dyn®® or a 70-pF C,_ 5.1 25 5.1 25
load

(1) Low-power and ultralow-power communication modes are asynchronous, data is Spaced-One-Hot bit encoded, data transfer clock is
recovered by means of an XOR between dsim_dxn@ and dsim_dyn®. For more information about the LP exclusive-OR clock, see
Table 19 of MIPI D-PHY standard v1.0.

(2) Indsim_dxn and dsim_dyn, mis equal to 1 or 2, and n is equal to 0, 1, 2, 3, or 4 for DSI1 and n is equal to 0, 1, or 2 for DSI2.
(3) The output rise and fall times are measured between 15% and 85% of vdds_dsi.

(4) Rise or fall time between 30% and 85% of the low-power (LP) levels. This is applicable only when high-speed (HS) burst is ending, that
is, the lines go from a high-speed state 0 or a high-speed state 1 to a low-power stop state (the differential drive is stopped). Since there
is extra load on the lines (the receiver in low-power mode has a common mode capacitor of up to 60 pF), this is slower. See the
Low-Power Receiver Mode (LPRX) section of Table 3-9 for the Low-Power V, /Vg, input threshold values.

(5) See DM Operating Condition Addendum for CORE OPP voltages.

| DSI6 > | DSI6 >
dsim_dxn ___ [ mark_j-1 \ space_j-1 / mark_j \ space / mark_j+1 |
' DSl6 .
dsmi_dyn / mark_k-1 \ sapce_k-1 / mark_k \ space_k [ mark_k+1

SWPS040-052

Figure 6-54. DSS—DSI—Low-Power and Ultralow-Power Modes®®

(1) Indsim_dwn, wis equal to x ory, mis equal to 1 or 2, and n is equal to O, 1, 2, 3, or 4 for DSI1 and n is equal to 0, 1, or 2 for DSI2.

(2) Low-Power and Ultralow-Power communication modes are asynchronous, data is Spaced-One-Hot bit encoded, data transfer clock is
recovered by means of an XOR between dsim_dxn® and dsim_dyn®.

6.5.2.4 High Definition Multimedia Interface (HDMI)

NOTE
For more information on HDMI, please contact your TI representative.

6.6 Serial Communications Interfaces

6.6.1 Multichannel Buffered Serial Port (McBSP)

NOTE
For more information, see the Serial Communication Interface / Multichannel Buffered Serial
Port (McBSP) / McBSP Functional Description section of the OMAP4430 TRM.

The multichannel buffered serial port (McBSP) provides a full-duplex direct serial interface between the
OMAP chip and other devices in a system, such as other application chips, codecs. It can accommodate a
wide range of peripherals and clocked frame oriented protocols ( 12S™, PCM, TDM) due to its high level
of versatility.

McBSP supports two types of data transfer at the system level:

+ The full-cycle mode, for which one clock period is used to transfer the data, generated on one edge
and captured on the same edge (one clock period later).
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« The half-cycle mode, for which one-half clock period is used to transfer the data, generated on one
edge and captured on the opposite edge (one-half clock period later). Note that a new data is
generated only every clock period, which secures the required hold time.

The interface clock (clkX/CLKR) activation edge (data/frame sync capture and generation) has to be
configured accordingly with the external peripheral (activation edge capability) and the type of data
transfer required at the system level.

Depending on the number of pins, McBSP supports either:

* 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

* 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are
internally looped back, via software configuration, respectively to the clkr and fsr internal signals for
data receive.

6.6.1.1 McBSP1, McBSP2, and McBSP3 Set#1

6.6.1.1.1 McBSP1, McBSP2, and McBSP3 Set#1—I2S/PCM

Table 6-40 through Table 6-43 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-55 and Figure 6-56).

Table 6-39. McBSP1, 2 Timing Conditions—I2S/PCMWRE)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 400 6500 ps
te Input signal fall time 400 6500 ps

PCB Conditions
Number of external peripherals

Far end load 5 pF
Trace length 9 cm
Characteristics impedance 30 55 Q

(1) 10 settings: MB[1:0] = 10 and LBO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
6.6.1.1.1.1 McBSP1 and McBSP2—I2S/PCM Full and Half Cycle—Master Mode—24 MHz

Table 6-40. McBSP1, 2 Timing Requirements—I2S/PCM—Master Mode®®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

BM5 tsu(drv-clkAE) Setup time, abe mcbs_px_dr valid before 4.6 10.5 ns
abe_mcbspx_cllz(z) active edge

BM6 th(clkAE-drv) Hold time, abe_mcbspx_dr valid after 0.7 0.6 ns
abe_mcbspx_clk® active edge

(1) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.
(3) In abe_mcbspx, x is equal to 1 or 2.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-41. McBSP1, 2 Switching Characteristics—I2S/PCM—Master Mode®(©®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BMO 1/ ooy Frequency®, output abe_mchspx_clk® clock 24.576®) 12.288® MHz
BM1 tw(clkL) Typical pulse duration, output 0.5*p®@ 0.5+p®@ ns
abe_mcbspx_clk® low
BM2 tw(clkH) Typical pulse duration, output 0.5*P@ 0.5*P@ ns
abe_mcbspx_clk® high
tae(clk) Duty cycle error, output abe_mcbspx_clk® —-2035 2035 —4069 4069 ps
ti(clk) Jitter standard deviation®, output 65 65 ps
abe_mcbspx_clk®
tR(ck) Rise time, output abe_mcbspx_clk®) 400 6500 400 6500 ps
tr(clk) Fall time, output abe_mcbspx_clk® 400 6500 400 6500 ps
BM3 td(cIkAE-TsV) Delay time, output abe_mcbspx_clk® active 0.9 11.0 1.0 226 ns
edge to output abe_mcbspx_fs“;j valid
BM4 td(cIkxAE-dxV) Delay time, output abe_mcbspx_clkx active 0.9 11.0 1.0 22.6 ns
edge to output abe_mcbspx_dx valid
tR(ts) Rise time, output abe_mcbspx_fs®) 400 6500 400 6500 ps
tr(rs) Fall time, output abe_mcbspx_fs® 400 6500 400 6500 ps
tR(dx) Rise time, output abe_mcbspx_dx 400 6500 400 6500 ps
trdx) Fall time, output abe_mcbspx_dx 400 6500 400 6500 ps

(1) Related to the output abe

setting the configuration rEgister SRGR1_REQG[7..0].
For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

(2) P =abe_mchspx_clkx / abe_mcbspx_clkr output clk period in ns.

(3) The jitter probability density can be approximated by a Gaussian function.

mcbspx_clkx / abe_mcbspx_clkr maximum and minimum frequency programmable in McBSP module by

(4) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(5) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.

(6) abe_mchbspx_fs corresponds to either abe_mcbspx_fsx or abe_mcbspx_fsr; abe_mcbspx_fsr is available in 6-pin mode only.

(7) In abe_mcbspx, x is equal to 1 or 2.

(8) This McBSP1, 2 output clock frequency is based on an output ABE DPLL configured at 196.608 MHz.

For more information regarding the registers configuration, see the Power, Reset and Clock Management / Clock Management
Functional Description / Internal Clock Sources/Generators / DPLL_ABE Description section of the OMAP4430 TRM.

(9) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.1.1.1.2 McBSP1 and McBSP2—I2S/PCM Full and Half Cycle—Slave Mode—12 MHz

Table 6-42. McBSP1, 2 Timing Requirements—I2S/PCM—Slave Mode®®)®©)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BSO 1/ ey Frequency?, abe_mcbspx_clk® 12.288 6.144 MHz
BS1 tw(clkL) Typical pulse duration, abe_mcbspx_clk® low 0.5+p®@ 0.5p®@ ns
BS2 tw(clkH) Typical pulse duration, abe_mcbspx_clk® high 0.5+p®@ 0.5p®@ ns
tde(clk) Duty cycle error, abe_mcbspx_clk® —-2035 2035 —4069 4069 ps
i(clky Cycle jitter®, abe_mcbspx_clk® 1221 2000 ps
BS3 tsutsv-ckag) | Setup time, abe_mcbspx_fs”) valid before 14.3 30.4 ns
abe_mcbspx_clk76) active edge
BS4 th(cIkAE-TsV) Hold time, abe_mchspx_fs() valid after 14.3 30.4 ns
abe_mcbspx_clk® active edge
BS6 tsu(drv-clkAE) Setup time, abe_mchspx_dr valid before 14.3 30.4 ns
abe_mcbspx_clk76) active edge
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Table 6-42. McBSP1, 2 Timing Requirements—I2S/PCM—Slave Mode@®)®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS7 th(clkAE-drv) Hold time, abe_mcbspx_dr valid after 14.3 30.4 ns
abe_mcbspx_clk® active edge

(1) Related to the input maximum frequency supported by the McBSP module.

(2) P = abe_mcbspx_clkx / abe_mcbspx_clkr period in ns

(3) Maximum cycle jitter supported by abe_mcbspx_clkx / abe_mchspx_clkr input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) The timings apply to all configurations regardless of abe_mchbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) abe_mchbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.

(7) abe_mcbspx_fs corresponds to either abe_mchbspx_fsx or abe_mcbspx_fsr; abe_mcbspx_fsr is available in 6-pin mode only.

(8) In abe_mcbspx, x is equal to 1 or 2.
(9) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-43. McBSP1, 2 Switching Characteristics—I2S/PCM—Slave Mode®®?®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS5 ta(cIkxAE-dxV) Delay time, input abe_mcbspx_clkx_ active -16.4 20.3 -34.0 36.1 ns
edge to output abe_mchspx_dx valid
tr(dx) Rise time, output abe_mchspx_dx 400 6500 400 6500 ps
tr(dw) Fall time, output abe_mchspx_dx 400 6500 400 6500 ps

(1) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) In abe_mcbspx, x is equal to 1 or 2.
(3) See DM Operating Condition Addendum for CORE OPP voltages.

264

Timing Requirements and Switching Characteristics

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Copyright © 2010-2012, Texas Instruments Incorporated


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

Public Version

I3 TEXAS OMAP4430

INSTRUMENTS

www.ti.com SWPS041D —DECEMBER 2010-REVISED JANUARY 2012

@

@
®

4)
(®)

(6)

M)

@
@)

4)
®)

©)

|>—B|v|0——| |>—BM1—-|>—BM2—-|
abe_mebspx ck____ [\ [ \ [ [\ N\ [\
> BM3 BM3

i\

abe_mcbspx_fs

BM4 ﬁBM4 \—ﬂBI\M
DX7 ) 0 )G XX

—{ |«BMm6
f——BM5—
{ DR7Y X DR6____ X )Y XX DRo

SWPS040-106

AN

)\ X DXxo
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Figure 6-55. McBSP1, 2—I2S/PCM—Master ModeM@E#(G)(6)

abe_mcbspx_clk corresponds to either abe_mchspx_clkx or abe_mcbspx_clkr; abe_mcbspx_fs corresponds to either abe_mcbspx_fsx
or abe_mchspx_fsr.

McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

The polarity of McBSP frame synchronization is software configurable.

The active clock edge selection of abe_mchspx_clk (rising or falling) on which abe_mcbspx_dx data is latched and abe_mcbspx_dr data
is sampled is software configurable.

Timing diagrams are for data delay set to 1.

For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

In abe_mcbspx, x is equal to 1 or 2.

p——BS0—>| b—BST—>p—BS2|
abe_mcbspx_ck [\ [ \___ [ [\ M\ [/

——BS3—+{BS4
abe_mcbspx_fs [ |\
> BS5 BS5 k—ﬂ BS5
( X

DX7 X DX6

—| [«BS7
——BS6—
{ DR7 X2X__DR6 XX \\ X DRO

SWPS040-107

i\

abe_mcbspx_dx

)Y XX DX0

abe_mcbspx_dr

Figure 6-56. McBSP1, 2—I2S/PCM—Slave ModeM@E®HG)6)

abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_fs corresponds to either abe_mcbspx_fsx
or abe_mcbspx_fsr. McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins. McBSP in 4-pin mode: dx and
dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via software configuration,
respectively to the clkr and fsr internal signals for data receive.

The polarity of McBSP frame synchronization is software configurable.

The active clock edge selection of abe_mchspx_clk (rising or falling) on which abe_mcbspx_dx data is latched and abe_mcbspx_dr data
is sampled is software configurable.

Timing diagrams are for data delay set to 1.

For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

In abe_mcbspx, x is equal to 1 or 2.
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6.6.1.1.2 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle

6.6.1.1.2.1 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle—6MHz, 40-pF Load Capacitance

Table 6-45 through Table 6-48 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-57 and Figure 6-58).

Table 6-44. McBSP1, McBSP2, and McBSP3 Set#1 Timing Conditions—TDM / Half-Cycle®®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MN | MAX
Input Conditions
tr Input signal rise time 1000 11100 ps
te Input signal fall time 1000 11100 ps
PCB Conditions
Number of external peripherals 1
Far end load 40 pF
Trace length 9 cm
Characteristics impedance 20 60 Q

(1) 10 settings: MB[1:0] = 10 and LBO = 0 McBSP3 Set#1 means the following balls: AG25, AF25, AE25, AF26.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
6.6.1.1.2.1.1 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle—Master Mode

Table 6-45. McBSP1, McBSP2, and McBSP3 Set#l(;l;(igu)ng Requirements—TDM / Half-Cycle—Master
Mode

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

BM5 tsu(drv-clkAE) Setup time, abe_mchspx_dr valid before 22.6 48.6 ns
abe_mcbspx_clk72) active edge

BM6 th(clkAE-drv) Hold time, abe_mcbspx_dr valid after 22.3 48.4 ns
abe_mcbspx_clk® active edge

(1) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.
(3) In abe_mcbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-46. McBSP1, McBSP2, and McBSP3 Set#1 Svg)i(t&g)ing Characteristics—TDM / Half-Cycle—Master

Mode(
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BMO 1/ te(eiky Frequency®, output abe_mchspx_clk® clock 6.1440) 3.0720® MHz
BM1 tclkL) Typical pulse duration, output 0.5*P@ 0.5*P@ ns
abe_mcbspx_clk® low
BM2 tw(clkH) Typical pulse duration, output 0.5+p®@ 0.5+p®@ ns
abe_mcbspx_clk® high
tde(clk) Duty cycle error, output abe_mchspx_clk®) -8138 8138 -16276 16276 ps
ticclk) Jitter standard deviation®®, output 65 65 ps
(5)
abe_mcbspx_clk
tR(clk) Rise time, output abe_mchspx_clk®) 1000 11100 1000 11100 ps
tr(olk) Fall time, output abe_mcbspx_clk® 1000 11100 1000 11100 ps
BM3 ta(clkAE-fsv) Delay time, output abe_mcbspx_clk® active -30.9 46.4 -63.5 94.4 ns
edge to output abe_mcbspx_fs@ valid
BM4 ta(cIkxAE-dxV) Delay time, output abe_mcbspx_clkx active -30.9 46.4 -63.5 94.4 ns
edge to output abe_mchspx_dx valid
trts) Rise time, output abe_mchspx_fs®) 1000 11100 1000 11100 ps
ters) Fall time, output abe_mcbspx_fs® 1000 11100 1000 11100 ps
tR(dx) Rise time, output abe_mchspx_dx 1000 11100 1000 11100 ps
tr(dw) Fall time, output abe_mcbspx_dx 1000 11100 1000 11100 ps

(1) Related to the output abe_mchspx_clkx / abe_mcbspx_clkr maximum and minimum frequency programmable in McBSP module by
setting the configuration register SRGR1_REGJ[7..0].
For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

(2) P = abe_mcbspx_clkx / abe_mcbspx_clkr output clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.

(4) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(5) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.

(6) abe_mcbspx_fs corresponds to either abe_mchspx_fsx or abe_mcbspx_fsr; abe_mcbspx_fsr is available in 6-pin mode only.
(7) In abe_mcbspx, x is equal to 1, 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).

(8) This McBSP1, 2 output clock frequency is based on an output ABE DPLL configured at 196.608 MHz.
For more information regarding the registers configuration, see the Power, Reset and Clock Management / Clock Management
Functional Description / Internal Clock Sources/Generators / DPLL_ABE Description section of the OMAP4430 TRM.

(9) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.1.1.2.1.2 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle—Slave Mode

Table 6-47. McBSP1, 2, and 3 Set#1 Timing Requirements—TDM / Half-Cycle—Slave Mode®®)®)®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BSO 1/ ooy Frequency®, abe_mcbspx_clk® 6.144 3.072 MHz
BS1 t(clkL) Typical pulse duration, abe_mcbspx_clk(® low 0.5*p®@ 0.5+p®@ ns
BS2 t(clkH) Typical pulse duration, abe_mcbspx_clk® 0.5*p®@ 0.5+p®@ ns
high
tde(clk) Duty cycle error, abe_mcbspx_clk® -8138 8138 -16276 16276 ps
ticclk) Cycle jitter®, abe_mcbspx_clk® 2000 2000 ps
BS3 tsu(fsv-clkAE) Setup time, abe_mcbspx_fs(") valid before 26.5 55.8 ns
abe_mcbspx_clk® active edge
BS4 th(clkAE-fsv) Hold time, abe_mcbspx_fs(") valid after 26.5 55.8 ns
abe_mcbspx_clk® active edge
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Table 6-47. McBSP1, 2, and 3 Set#1 Timin

Mod e(“)(f’)(g)(99 (continued)

Requirements—TDM / Half-Cycle—Slave

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS6 tsu(drv-clkAE) Setup time, abe_mcbspx_dr valid before 26.5 55.8 ns
abe_mcbspx_clk® active edge
BS7 th(clkAE-drv) Hold time, abe_mcbspx_dr valid after 26.5 55.8 ns
abe_mcbspx_clk® active edge

(1) Related to the input maximum frequency supported by the McBSP module.

(2) P =abe_mcbspx_clkx / abe_mchspx_clkr period in ns

(3) Maximum cycle jitter supported by abe_mchspx_clkx / abe_mcbspx_clkr input clock.
(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.

(7) abe_mcbspx_fs corresponds to either abe_mchspx_fsx or abe_mcbspx_fsr; abe_mcbspx_fsr is available in 6-pin mode only.

(8) In abe_mcbhspx, x is equal to 1, 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).
(9) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-48. McBSP1, 2, and 3 Set#1 Switching Characteristics—TDM / Half-Cycle—Slave Mode®@®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS5 ta(clkAE-dxV) Delay time, input abe_mcbspx_clkx active -25.2 33.6 -57.7 74.3 ns
edge to output abe_mcbspx_dx valid
tR(dx) Rise time, output abe_mcbspx_dx 1000 11100 1000 11100 ps
tr(dx Fall time, output abe_mcbspx_dx 1000 11100 1000 11100 ps

(1) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) In abe_mcbspx, x is equal to 1, 2, or 3 Set #1 (Balls: AG25, AF25, AE25, AF26).
(3) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-57. McBSP1, 2, and 3 Set#1—TDM / Half-Cycle—Master Mode®@E)*)G)6)

)\ ) 2 )G

abe_mcbspx_dr

abe_mcbspx_clk corresponds to either abe_mchspx_clkx or abe_mcbspx_clkr; abe_mcbspx_fs corresponds to either abe_mcbspx_fsx
or abe_mchspx_fsr.

McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

The polarity of McBSP frame synchronization is software configurable.

The active clock edge selection of abe_mchspx_clk (rising or falling) on which abe_mcbspx_dx data is latched and abe_mcbspx_dr data
is sampled is software configurable.

Timing diagrams are for data delay set to 1.

For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

In abe_mcbspx, x is equal to 1, 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).

|>—Bso—-| |>—Bs1—-|>—Bsz—-|
sbemebspxok___ [\ [\ [\ [\ [\
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abe_mcbspx_fs___ [ |\
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\,

DX7 XX Dx6____ X 3 =X DX0

— lBS7
le——BS6——
( DRY XX(__DR6 =X ) =X DRO
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Figure 6-58. McBSP1, 2, and 3 Set#1—TDM / Half-Cycle—Slave Mode®@E®E)6)

abe_mcbspx_dx

abe_mcbspx_dr

abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_fs corresponds to either abe_mcbspx_fsx
or abe_mcbspx_fsr.

McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

The polarity of McBSP frame synchronization is software configurable.

The active clock edge selection of abe_mchspx_clk (rising or falling) on which abe_mcbspx_dx data is latched and abe_mcbspx_dr data
is sampled is software configurable.

Timing diagrams are for data delay set to 1.

For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

In abe_mchspx, x is equal to 1, 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).
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6.6.1.1.2.2 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle—12MHz, 5-pF Load Capacitance

Table 6-50 through Table 6-53 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-59 and Figure 6-60).

Table 6-49. McBSP1, McBSP2, and McBSP3 Set#1 Timing Conditions—TDM / Half-Cycle®®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 600 6500 ps
tr Input signal fall time 600 6500 ps

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 9 cm
Characteristics impedance 20 60 Q

(1) 10 settings: MB[1:0] = 10 and LBO = 0 McBSP3 Set#1 means the following balls: AG25, AF25, AE25, AF26.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
6.6.1.1.2.2.1 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle—Master Mode

Table 6-50. McBSP1, McBSP2, and McBSP3 Set#l(;l;(iggjpg Requirements—TDM / Half-Cycle—Master

Mode
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BM5 tsu(drv-clkAE) Setup time, abe mcbs_px_dr valid before 11.3 24.3 ns
abe_mcbspx_cllz(z) active edge
BM6 th(clkAE-drv) Hold time, abe_mcbspx_dr valid after -2.4 2.4 ns
abe_mcbspx_clk® active edge

(1) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) abe_mchbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.
(3) In abe_mcbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-51. McBSP1, McBSP2, and McBSP3 Set#1 Sw)l(t?hmg Characteristics—TDM / Half-Cycle—Master

Mode®(
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BMO 1/ te(eiky Frequency®, output abe_mchspx_clk® clock 12.2886) 6.144®) MHz
BM1 tclkL) Typical Pulse duranon output 0.5*P@ 0.5*P@ ns
abe_mcbspx_clk® low
BM2 tw(clkH) Typical Pulse duration, output 0.5+p®@ 0.5+p®@ ns
abe_mcbspx_clk® high
tde(clk) Duty cycle error, output abe_mchspx_clk®) —4069 4069 -8138 8138 ps
(el Jitter standard deV|at|on(3) output 65 65 ps
abe_mcbspx_clk®
tR(clk) Rise time, output abe_mchspx_clk®) 600 6500 600 6500 ps
tr(olk) Fall time, output abe_mcbspx_clk® 600 6500 600 6500 ps
BM3 ta(clkAE-fsv) Delay time, output abe_mcbspx_clk® active -14.6 22.4 -30.9 46.4 ns
edge to output abe_mcbspx_fs@ valid
BM4 ta(cIkxAE-dxV) Delay time, output abe_mcbspx_clkx active -14.6 22.4 -30.9 46.4 ns
edge to output abe_mchspx_dx valid
trts) Rise time, output abe_mchspx_fs®) 600 6500 600 6500 ps
ters) Fall time, output abe_mcbspx_fs® 600 6500 600 6500 ps
tR(dx) Rise time, output abe_mchspx_dx 600 6500 600 6500 ps
tr(dw) Fall time, output abe_mchspx_dx 600 6500 600 6500 ps

(1) Related to the output abe_mchspx_clkx / abe_mcbspx_clkr maximum and minimum frequency programmable in McBSP module by
setting the configuration register SRGR1_REGJ[7..0].
For more information regarding the registers configuration see Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

(2) P = abe_mcbspx_clkx / abe_mcbspx_clkr output clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.

(4) The timings apply to all configurations regardless of abe_mcbsp_clk polarity and which clock edges are used to drive output data and
capture input data.

(5) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.

(6) abe_mcbspx_fs corresponds to either abe_mchspx_fsx or abe_mcbspx_fsr; abe_mcbspx_fsr is available in 6-pin mode only.
(7) In abe_mcbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).

(8) This McBSP1, 2 output clock frequency is based on an output ABE DPLL configured at 196.608 MHz.

For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_ABE Description section of the OMAP4430 TRM.

(9) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.1.1.2.2.2 McBSP1, McBSP2, and McBSP3 Set#1—TDM / Half-Cycle—Slave Mode

Table 6-52. McBSP1, McBSP2, and McBSP3 Set#l T|m|ng Requirements—TDM / Half-Cycle—Slave

Mode®
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BSO 1/ te(eiky Frequency®, abe_mchbspx_clk® 12.288 6.144 MHz
BS1 t(clk) Typical Pulse duration, abe_mcbspx_clk® low 0.5*P@ 0.5*P@ ns
BS2 tw(clkH) Typical Pulse duration, abe_mcbspx_clk® 0.5*P@ 0.5*P@ ns
high
tae(clk) Duty cycle error, abe_mcbspx_clk® —4069 4069 -8138 8138 ps
ek Cycle jitter®, abe_mcbspx_clk(® 2000 2000 ps
BS3 tsu(fsv-clkAE) Setup time, abe_mcbspx_fs() valid before 11.9 26.5 ns
abe_mcbspx_ clk® active edge
BS4 th(cIkAE-fsV) Hold time, abe_mchspx_fs(") valid after 11.9 26.5 ns
abe_mcbspx_clk® active edge
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Table 6-52. McBSP1, McBSP2, and McBSP3 Set#1 Timing Requirements—TDM / Half-Cycle—Slave
Mode®®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS6 tsu(drv-clkAE) Setup time, abe_mcbspx_dr valid before 9.4 21.6 ns
abe_mcbspx_clk® active edge
BS7 th(clkAE-drv) Hold time, abe_mcbspx_dr valid after 11.9 26.5 ns
abe_mcbspx_clk® active edge

(1) Related to the input maximum frequency supported by the McBSP module.

(2) P =abe_mcbspx_clkx / abe_mchspx_clkr period in ns

(3) Maximum cycle jitter supported by abe_mchspx_clkx / abe_mcbspx_clkr input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) The timings apply to all configurations regardless of abe_mcbspx_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_clkr is available in 6-pin mode only.
(7) abe_mcbspx_fs corresponds to either abe_mchspx_fsx or abe_mcbspx_fsr; abe_mcbspx_fsr is available in 6-pin mode only.

(8) In abe_mcbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).

(9) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-53. McBSP1, 2, and 3 Set#1 Switching Characteristics—TDM / Half-Cycle—Slave Mode®@®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS5 ta(clkAE-dxV) Delay time, input abe_mcbspx_clkx active -7.1 20.3 -23.4 43.0 ns
edge to output abe_mcbspx_dx valid
tR(dx) Rise time, output abe_mcbspx_dx 600 6500 600 6500 ps
tr(dx Fall time, output abe_mcbspx_dx 600 6500 600 6500 ps
(1) The ti;nings apply to all configurations regardless of mcbsp_clk polarity and which clock edges are used to drive output data and capture
input data.

(2) In abe_mchbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).
(3) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-59. McBSP1, 2, and 3 Set#1—TDM / Half-Cycle—Master Mode®@®)®*)E)®)

(1) abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mchbspx_fs corresponds to either abe_mcbspx_fsx
or abe_mcbspx_fsr.
McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.
McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

(2) The polarity of McBSP frame synchronization is software configurable.

(3) The active clock edge selection of abe_mcbspx_clk (rising or falling) on which abe_mcbspx_dx data is latched and abe_mcbspx_dr data
is sampled is software configurable.
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(4) Timing diagrams are for data delay set to 1.

(5) For more information regarding the registers configuration see Serial Communication Interface / Multichannel Buffered Serial Port

(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

(6) In abe_mcbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).

[e——BS0O— [ BS1 - BS2-¥|

mbspok /[ \ /[ \ [\ [ \§ / | W

F— BS3 —»ﬂ BS4

mcbsp_fs / \ )

ﬁ BS5 ﬁBss ﬂ BS5

mcbsp_dx ( DX7 XID(_Dbx6____ X )} X DX0

—> BS7

mcbsp_dr ( DR? XX DRr6___ X 3 XX DRO

M

@
©)

4)
®)

Q)

SWPS040-152

Figure 6-60. McBSP1, 2, and 3 Set#1—TDM / Half-Cycle—Slave Mode®@E®E)®)

abe_mcbspx_clk corresponds to either abe_mcbspx_clkx or abe_mcbspx_clkr; abe_mcbspx_fs corresponds to either abe_mcbspx_fsx
or abe_mchspx_fsr.

McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

The polarity of McBSP frame synchronization is software configurable.

The active clock edge selection of abe_mchspx_clk (rising or falling) on which abe_mcbspx_dx data is latched and abe_mcbspx_dr data
is sampled is software configurable.

Timing diagrams are for data delay set to 1.

For more information regarding the registers configuration see Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

In abe_mcbspx, x is equal to 1, or 2, or 3 Set#1 (Balls: AG25, AF25, AE25, AF26).

6.6.1.2 McBSP3—I2S/PCM

Table 6-55 through Table 6-58 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-61 and Figure 6-62).

Table 6-54. McBSP3 Timing Conditions—I2S/PCM®A)E)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 400 6500 ps
te Input signal fall time 400 6500 ps

PCB Conditions

Bottom Balls: AG25 / AF25 / AE25 /| AF26

Number of external peripherals

Far end load 5 pF
Trace length, point-to-point interconnect 9 cm
Characteristics impedance 30 55 Q

Bottom Balls: AH17 / AE16 / AF16 / AG16

Number of external peripherals

Far end load 5 pF

Trace length, point-to-point interconnect 9 cm
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Table 6-54. McBSP3 Timing Conditions—I2S/PCM®Y®AE) (continued)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX

‘ Characteristics impedance 30 45 Q

(1) 10 settings: MB[1:0] = 10 and LBO = 0.
For more information, see:

For balls AG25 / AF25 /| AE25 / AF26, Control Module / Control Module Functional Description/ Functional Register Description /
Signal Integrity Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer I/Os with Combined Mode and Load
Settings section of the OMAP4430 TRM

For balls AH17 / AE16 / AF16 / AG16, Control Module / Control Module Functional Description/ Functional Register Description /
Signal Integrity Parameter Control Registers with Pad Group Assignment / I/Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

6.6.1.2.

1 McBSP3—I2S/PCM Full and Half Cycle—Master Mode—24 MHz

Table 6-55. McBSP3 Timing Requirements—I2S/PCM—Master Mode®®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MN | MmAX
Fordballs: AH17 / AE16 / AF16 / AG16 (abe_mcbsp3_dr / abe_mcbsp3_dx / abe_mchbsp3_clkx / abe_mcbsp3_fsx)—Multiplexing
mode 2
BM5 tsu(drv-clkAE) Setup time, abe_mcbsp3_dr valid before 5.6 115 ns
abe_mcbsp3_clk® active edge
BM6 th(clkAE-drv) Hold time, abe_mcbsp3_dr valid after 0.8 0.7 ns

abe_mcbsp3_clk® active edge

For balls: AG25/ AF25 / AE25 / AF26 (abe_mcbsp3_dr / abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mchsp3_fsx)—Multiplexing

mode 1

BM5 tsu(drv-clkAE) Setup time, abe_mcbsp3_dr valid before 4.6 105 ns
abe_mcbsp3_clk®@ active edge

BM6 th(clkAE-drv) Hold time, abe_mcbsp3_dr valid after 0.7 0.6 ns

abe_mcbsp3_clk® active edge

(1) The timings apply to all configurations regardless of abe_mcbsp3_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) abe_mcbsp3_clk corresponds to either abe_mchsp3_clkx or abe_mcbsp3_clkr; abe_mcbsp3_clkr is available in 6-pin mode only.
(3) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-56. McBSP3 Switching Characteristics—I2S/PCM—Master Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
For balls: AE16 / AF16 / AG16 (abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mchsp3_fsx)—Multiplexing mode 2
BMO 1/ toqei Frequency™®, output abe_mcbsp3_clk® clock 24576 12.288) |  MHz
BM1 t(clkL) Typical pulse duration, output abe_mchsp3_clk® low 0.5+p®@ 0.5+p®@ ns
BM2 t(clkH) Typical pulse duration, output abe_mchsp3_clk® high 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output abe_mcbsp3_clk® —-2035 2035 —4069 4069 ps
ti(clk) Jitter standard deviation®, output abe_mcbsp3_clk®) 65 65 ps
tRclk) Rise time, output abe_mcbsp3_clk® 400 6500 400 6500 ps
tr(olk) Fall time, output abe_mcbsp3_clk®) 400 6500 400 6500 ps
BM3 t(cAE-fsv) Delay time, output abe_mcbsp3_clk® active edge to 0.9 11.4 1.1 23.1 ns
output abe_mcbsp3_fs® valid
BM4 td(clkxAE-dxV) Delay time, output abe_mcbsp3_clkx active edge to 0.9 11.4 1.1 23.1 ns
output abe_mcbsp3_dx valid
tr(s) Rise time, output abe_mchsp3_fs® 400 6500 400 6500 ps
trrs) Fall time, output abe_mcbsp3_fs®) 400 6500 400 6500 ps
tR(dx) Rise time, output abe_mcbsp3_dx 400 6500 400 6500 ps
tr(dx) Fall time, output abe_mchsp3_dx 400 6500 400 6500 ps
For balls: AF25/ AE25 / AF26 (abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mcbsp3_fsx)—Multiplexing mode 1
BMO 1/ toqei Frequency™®, output abe_mcbsp3_clk® clock 24576 12.288) |  MHz
BM1 t(clkL) Typical pulse duration, output abe_mchsp3_clk® low 0.5+p®@ 0.5+p®@ ns
BM2 t(clkH) Typical pulse duration, output abe_mchsp3_clk® high 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output abe_mcbsp3_clk® —-2035 2035 —4069 4069 ps
ti(clky Jitter standard deviation®, output abe_mcbsp3_clk®) 65 65 ps
tRrclk) Rise time, output abe_mcbsp3_clk® 400 6500 400 6500 ps
tr(olk) Fall time, output abe_mcbsp3_clk®) 400 6500 400 6500 ps
BM3 ta(cIkAE-fsV) Delay time, output abe_mcbsp3_clk® active edge to 0.9 11.0 1.0 22.6 ns
output abe_mcbsp3_fs® valid
BM4 td(clkxAE-dxV) Delay time, output abe_mcbsp3_clkx active edge to 0.9 11.0 1.0 22.6 ns
output abe_mcbsp3_dx valid
tr(s) Rise time, output abe_mchsp3_fs® 400 6500 400 6500 ps
trrs) Fall time, output abe_mcbsp3_fs®) 400 6500 400 6500 ps
tR(dx) Rise time, output abe_mchsp3_dx 400 6500 400 6500 ps
te(dx) Fall time, output abe_mchsp3_dx 400 6500 400 6500 ps

M

setting the configuration register SRGR1_REG[7..0].
For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

@)
®)
4)

©)
(6)
@)

P = abe_mcbsp3_clkx / abe_mcbsp3_clkr output clk period in ns
The jitter probability density can be approximated by a Gaussian function.

Related to the output abe_mcbsp3_clkx / abe_mcbsp3_clkr maximum and minimum frequency programmable in McBSP module by

The timings apply to all configurations regardless of abe_mchsp3_clk polarity and which clock edges are used to drive output data and
capture input data.

abe_mcbsp3_clk corresponds to either abe_mcbsp3_clkx or abe_mchsp3_clkr; abe_mcbsp3_clkr is available in 6-pin mode only.
abe_mcbsp3_fs corresponds to either abe_mcbsp3_fsx or abe_mchsp3_fsr; abe_mcbsp3_fsr is available in 6-pin mode only.
This McBSP3 output clock frequency is based on an output ABE DPLL configured at 196.608 MHz.

For more information regarding the registers configuration, see the Power, Reset and Clock Management / Clock Management
Functional Description / Internal Clock Sources/Generators / DPLL_ABE Description section of the OMAP4430 TRM

®

See DM Operating Condition Addendum for CORE OPP voltages.
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6.6.1.2.2 McBSP3—I2S/PCM Full and Half Cycle—Slave Mode—12 MHz

Table 6-57. McBSP3 Timing Requirements—I2S/PCM—Slave Mode®®)®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

For balls: AH17 / AE16 / AF16 / AG16 (abe_mcbsp3_dr / abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mcbsp3_fsx)—Multiplexing
mode 2

BSO 1/ oy Frequency®, abe_mcbsp3_clk®) 12.288 6.144 MHz
BS1 tw(clkL) Typical pulse duration, abe_mcbsp3_clk® low 0.5+p®@ 0.5+p®@ ns
BS2 t(clkH) Typical pulse duration, abe_mcbsp3_clk® high 0.5+p®@ 0.5+p®@ ns
tae(clk) Duty cycle error, abe_mchsp3_clk(® —-2035 2035 —4069 4069 ps
i(clky Cycle jitter®, abe_mcbsp3_clk® 1221 2000 ps
BS3 tsu(fsv-clkAE) Setup time, abe_mcbsp3_fs() valid before 14.8 30.8 ns
abe_mcbsp3_clk® active edge
BS4 th(cIkAE-fsV) Hold time, abe_mcbsp3_fs( valid after 14.8 30.8 ns
abe_mcbsp3_clk® active edge
BS6 tsu(drv-clkAE) Setup time, abe_mchsp3_dr valid before 14.8 30.8 ns
abe_mcbsp3_clk® active edge
BS7 th(clkAE-drv) Hold time, abe_mcbsp3_dr valid after 14.8 30.8 ns
abe_mcbsp3_clk® active edge

For balls: AG25/ AF25 / AE25 / AF26 (abe_mcbsp3_dr / abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mchbsp3_fsx)—Multiplexing
mode 1

BSO 1/ te(eiky Frequency®, abe_mcbsp3_clk® 12.288 6.144 MHz
BS1 t(clkL) Typical pulse duration, abe_mcbsp3_clk® low 0.5*P@ 0.5*P@ ns
BS2 t(clkH) Typical pulse duration, abe_mcbsp3_clk® high 0.5*P@ 0.5*P@ ns
tde(clk) Duty cycle error, abe_mchsp3_clk(® —-2035 2035 —4069 4069 ps
ticclk) Cycle jitter®, abe_mcbsp3_clk® 1221 2000 ps
BS3 tsu(fsv-clkAE) Setup time, abe_mcbsp3_fs( valid before 14.3 30.4 ns
abe_mcbsp3_clk® active edge
BS4 th(clkAE-fsv) Hold time, abe_mcbsp3_fs() valid after 14.3 304 ns
abe_mcbsp3_clk® active edge
BS6 tsu(drv-clkAE) Setup time, abe_mcbsp3_dr valid before 14.3 30.4 ns
abe_mcbsp3_clk® active edge
BS7 th(clkAE-drv) Hold time, abe_mchsp3_dr valid after 14.3 30.4 ns
abe_mcbsp3_clk® active edge

(1) Related to the input maximum frequency supported by the McBSP module.

(2) P =abe_mcbsp3_clkx / abe_mcbsp3_clkr period in ns

(3) Maximum cycle jitter supported by abe_mcbsp3_clkx / abe_mcbsp3_clkr input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) The timings apply to all configurations regardless of abe_mcbsp3_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) abe_mcbsp3_clk corresponds to either abe_mchsp3_clkx or abe_mcbsp3_clkr; abe_mcbsp3_clkr is available in 6-pin mode only.
(7) abe_mcbsp3_fs corresponds to either abe_mcbsp3_fsx or abe_mcbsp3_fsr; abe_mcbsp3_fsr is available in 6-pin mode only.
(8) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-58. McBSP3 Switching Characteristics—I2S/PCM—Slave Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
For balls: AE16 / AF16 / AG16 (abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mchsp3_fsx)—Multiplexing mode 2
BS5 td(clkxAE-dxV) Delay time, input abe_mcbsp3_clkx active -16.4 22.3 -34.1 38.1 ns
edge to output abe_mcbsp3_dx valid
tR(dx) Rise time, output abe_mcbsp3_dx 400 6500 400 6500 ps
trx) Fall time, output abe_mchsp3_dx 400 6500 400 6500 ps
For balls: AF25/ AE25 / AF26 (abe_mcbsp3_dx / abe_mcbsp3_clkx / abe_mchbsp3_fsx)—Multiplexing mode 1
BS5 t(clkxAE-dxV) Delay time, input abe_mcbsp3_clkx active -16.4 20.3 -34.0 36.1 ns
edge to output abe_mcbsp3_dx valid
tR(dx) Rise time, output abe_mchbsp3_dx 400 6500 400 6500 ps
tr(dx) Fall time, output abe_mchsp3_dx 400 6500 400 6500 ps

(1) The timings apply to all configurations regardless of abe_mcbsp3_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

|>—BMO——| |>—BM1——|>—BM2——|
abemebsp3ck [/ \____ [ [ [\ N [\

abe_mcbsp3_fs

BM4 | BM4 HBM“
DX7 XX Dx6____ X )Y X Dxo

—{ |«BM6
[——BM5—
abe_mcbsp3_dr { DR7 XD DRrR6___ X )Y X2X__DRO

SWPS040-117

AN

abe_mcbsp3_dx

Figure 6-61. McBSP3—I2S/PCM—Master Mode®@E®)

(1) abe_mcbsp3_clk corresponds to either abe_mchbsp3_clkx or abe_mcbsp3_clkr; abe_mchsp3_fs corresponds to either abe_mcbsp3_fsx
or abe_mchsp3_fsr.
McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.
McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

(2) The polarity of McBSP frame synchronization is software configurable.

(3) The active clock edge selection of abe_mcbsp3_clk (rising or falling) on which abe_mcbsp3_dx data is latched and abe_mchsp3_dr
data is sampled is software configurable.

(4) Timing diagrams are for data delay set to 1.

(5) For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.
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Figure 6-62. McBSP3—I2S/PCM—Slave ModeME)#E)

mchbsp3_clk corresponds to either mchsp3_clkx or mcbsp3_clkr; mchsp3_fs corresponds to either mcbsp3_fsx or mcbsp3_fsr.
McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

The polarity of McBSP frame synchronization is software configurable.

The active clock edge selection of mcbsp3_clk (rising or falling) on which mcbsp3_dx data is latched and mcbsp3_dr data is sampled is
software configurable.

Timing diagrams are for data delay set to 1.

For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.
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6.6.1.3 McBSP4—I2S/PCM

6.6.1.3.1 McBSP4—I2S/PCM—Full Cycle—48-MHz Master and 24-MHz Slave

Table 6-60 through Table 6-63 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-63 and Figure 6-64).

Table 6-59. McBSP4 Timing Conditions—I2S/PCM®)E)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 400 4000 ps
te Input signal fall time 400 4000 ps

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length, point-to-point interconnect 6 cm
Characteristics impedance 30 45 Q

(1) 10 settings: MB[1:0] = 10 and LBO = 0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/Os with Combined Mode and Load Settings section of the OMAP4430
TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS

power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

6.6.1.3.1.1 McBSP4—I2S/PCM—Full Cycle—48-MHz Master Mode

Table 6-60. McBSP4 Timing Requirements—I2S/PCM—Master Mode™®®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BM5 tsu(drv-clkAE) Setup time, mcbs_p4_dr valid before 3.8 6.6 ns
mchsp4_clk® active edge
BM6 th(clkAE-drv) Hold time, mcbsp4_dr valid after 0.3 0.3 ns
mcbsp4_clk®@ active edge

(1) The timings apply to all configurations regardless of mchsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) mcbsp4_clk corresponds to either mcbsp4_clkx or mcbsp4_clkr; mcbsp4_clkr is available in 6-pin mode only.
(3) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-61. McBSP4 Switching Characteristics—I2S/PCM—Master Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BMO 1/ ey Frequency®, output mchsp4_clk® clock 4807 24 MHz
BM1 tw(clkL) ;I'ypical pulse duration, output mcbsp4_clk® 0.5+p®@ 0.5p®@ ns
ow
BM2 t(clkH) Typical pulse duration, output mchsp4_clk® 0.5*P@ 0.5P@ ns
high
tde(clk) Duty cycle error, output mcbsp4_clk®) 1042 1042 —-2083 2083 ps
t(clk) Jitter standard deviation®, output 65 65 ps
mcbsp4_clk®
tR(ck) Rise time, output mchsp4_clk® 400 4000 400 4000 ps
e (clk) Fall time, output mcbsp4_clk® 400 4000 400 4000 ps
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Table 6-61. McBSP4 Switching Characteristics—I2S/PCM—Master Mode™® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BM3 td(cIkAE-TsV) Delay time, output mcbsp4_clk® active edge 0.6 9.4 0.9 19.5 ns
to output mcbsp4_fs® valid
BM4 ta(clkAE-dxV) Delay time, output mcbsp4_clkx active edge to 0.6 9.4 0.9 19.5 ns
output mcbsp4_dx valid
tR(ts) Rise time, output mchsp4_fs®© 400 4000 400 4000 ps
tr(ts) Fall time, output mcbsp4_fs(® 400 4000 400 4000 ps
tR(dx) Rise time, output mcbsp4_dx 400 4000 400 4000 ps
tr(dx) Fall time, output mchsp4_dx 400 4000 400 4000 ps

@

@
(©)
4)

®)
(6)
@)

®)

Related to the output mcbsp4_clkx / mcbsp4_clkr maximum and minimum frequency programmable in McBSP module by setting the
configuration register SRGR1_REG[7..0].

For more information regarding the registers configuration see Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

P = mcbsp4_clkx / mcbsp4_clkr output clk period in ns
The jitter probability density can be approximated by a Gaussian function.

The timings apply to all configurations regardless of mcbsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

mchbsp4_clk corresponds to either mcbsp4_clkx or mcbsp4_clkr; mcbsp4_clkr is available in 6-pin mode only.
mchbsp4_fs corresponds to either mcbsp4_fsx or mcbsp4_fsr; mcbsp4_fsr is available in 6-pin mode only.

This McBSP4 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.

See DM Operating Condition Addendum for CORE OPP voltages.

6.6.1.3.1.2 McBSP4—I2S/PCM—Full Cycle—24-MHz Slave Mode

Table 6-62. McBSP4 Timing Requirements—I2S/PCM—Slave Mode®®)€)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

BSO 1/ ey Frequency®, mcbsp4_clk® 24 12 MHz
BS1 tw(clkL) Typical pulse duration, mcbsp4_clk® low 0.5+p®@ 0.5p®@ ns
BS2 tw(clkH) Typical pulse duration, mchsp4_clk® high 0.5+p®@ 0.5p®@ ns
tae(clk) Duty cycle error, mcbsp4_clk®) —-2035 2035 —4069 4069 ps
i(clky Cycle jitter®, mcbsp4_clk® 1221 2000 ps
BS3 tsu(tsv-clkAE) Setup time, mcbsp4_fs( valid before 6.0 11.9 ns

mcbsp4_clk® active edge

BS4 th(clkAE-fsv) Hold time, mchsp4_fs( valid after 0.2 0.3 ns

mcbsp4_clk® active edge

BS6 tsu(drv-clkAE) Setup time, mchsp4_dr valid before 6.0 11.9 ns

mcbsp4_clk® active edge

BS7 th(clkAE-drv) Hold time, mcbsp4_dr valid after 0.2 0.3 ns

mcbsp4_clk® active edge

M
@
@)
4)
®)

(6)
™
®

Related to the input maximum frequency supported by the McBSP module.

P = mcbsp4_clkx / mcbsp4_clkr period in ns

Maximum cycle jitter supported by mcbsp4_clkx / mcbhsp4_clkr input clock.

The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

The timings apply to all configurations regardless of mcbsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

mchbsp4_clk corresponds to either mchsp4_clkx or mcbsp4_clkr; mchsp4_clkr is available in 6-pin mode only.
mcbsp4_fs corresponds to either mcbsp4_fsx or mcbsp4_fsr; mcbhsp4_fsr is available in 6-pin mode only.
See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-63. McBSP4 Switching Characteristics—I2S/PCM—Slave Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS5 td(cIkxAE-dxV) Delay time, input mcbsp4_clkx active edge to 0.9 23.2 1.0 40.0 ns
output mcbsp4_dx valid
tR(dx) Rise time, output mcbsp4_dx 400 6500 400 6500 ps
trdx) Fall time, output mcbhsp4_dx 400 6500 400 6500 ps

(1) The timings apply to all configurations regardless of mcbsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.1.3.2 McBSP4—I2S/PCM—Half-Cycle—24-MHz Master and 12-MHz Slave

Table 6-65 through Table 6-68 assume testing over the recommended operating conditions and electrical
characteristic conditions below.

Table 6-64. McBSP4 Timing Conditions—I2S/PCM®A)E)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 400 6500 ps
tr Input signal fall time 400 6500 ps

PCB Conditions
Number of external peripherals

Far end load 5 pF
Trace length, point-to-point interconnect 9 cm
Characteristics impedance 30 55 Q

(1) 10 settings: MB[1:0] = 10 and LBO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0Os with Combined Mode and Load Settings section of the OMAP4430
TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
6.6.1.3.2.1 McBSP4—I2S/PCM—Half-Cycle—24-MHz Master Mode

Table 6-65. McBSP4 Timing Requirements—I2S/PCM—Master Mode®®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BM5 tsu(drv-clkAE) Setup time, mcbsp4_dr valid before 5.3 11.6 ns
mcbsp4_clk® active edge
BM6 th(clkAE-drv) Hold time, mcbsp4_dr valid after 5.3 11.3 ns
mchsp4_clk® active edge

(1) The timings apply to all configurations regardless of mcbsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) mcbsp4_clk corresponds to either mcbhsp4_clkx or mcbsp4_clkr; mcbsp4_clkr is available in 6-pin mode only.
(3) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-66. McBSP4 Switching Characteristics—I2S/PCM—Master Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BMO 1/ tegei Frequency®, output mchsp4_clk clock 240 12() MHz
BM1 t(clkL) Typical pulse duration, output mcbsp4_clk low 0.5*p®@ 0.5+p®@ ns
BM2 t(clkH) Typical pulse duration, output mcbsp4_clk 0.5*p®@ 0.5+p®@ ns
high
tac(clk) Duty cycle error, output mcbsp4_clk —2035 2035 —4069 4069 ps
ticclk) Jitter standard deviation®, output mcbsp4_clk 65 65 ps
tR(clk) Rise time, output mcbsp4_clk 400 6500 400 6500 ps
tr(cik) Fall time, output mcbsp4_clk 400 6500 400 6500 ps
BM3 td(ckAE-fsv) Delay time, output mcbsp4_clk active edge to -7.1 11.7 -15.2 23.6 ns
output mebsp4_fs® valid
BM4 td(cIkxAE-dxV) Delay time, output mcbsp4_clkx active edge to -7.1 11.7 -15.2 23.6 ns
output mcbsp4_dx valid
tR(ts) Rise time, output mchsp4_fs®© 400 6500 400 6500 ps
tr(rs) Fall time, output mcbsp4_fs(® 400 6500 400 6500 ps
tR(dx) Rise time, output mcbsp4_dx 400 6500 400 6500 ps
trdx) Fall time, output mcbhsp4_dx 400 6500 400 6500 ps

()

@
®
4)

®)
Q)
@)

®)

Related to the output mcbsp4_clkx / mcbsp4_clkr maximum and minimum frequency programmable in McBSP module by setting the
configuration register SRGR1_REG[7..0].
For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port

(McBSP) / MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

P = mcbsp4_clkx / mcbsp4_clkr output clk period in ns.
The jitter probability density can be approximated by a Gaussian function.
The timings apply to all configurations regardless of mcbsp4_clk polarity and which clock edges are used to drive output data and

capture input data.

mcbsp4_clk corresponds to either mcbsp4_clkx or mcbsp4_clkr; mcbsp4_clkr is available in 6-pin mode only.

mcbsp4_fs corresponds to either mcbsp4_fsx or mcbsp4_fsr; mcbsp4_fsr is available in 6-pin mode only.

This McBSP4 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see the Power, Reset and Clock Management / Clock Management
Functional Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.

See DM Operating Condition Addendum for CORE OPP voltages.

6.6.1.3.2.2 McBSP4—I2S/PCM—Half-Cycle—12-MHz Slave Mode

Table 6-67. McBSP4 Timing Requirements—I2S/PCM—Slave Mode®®)€)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BSO 1/ ey Frequency®, mcbsp4_clk® 12 6 MHz
BS1 tw(clkL) Typical pulse duration, mcbsp4_clk® low 0.5+p®@ 0.5+p®@ ns
BS2 t(clkH) Typical pulse duration, mchsp4_clk® high 0.5+p®@ 0.5+p®@ ns
tae(clk) Duty cycle error, mcbsp4_clk®) —4069 4069 -8138 8138 ps
ti(clk) Cycle jitter®, mcbsp4_clk® 2000 2000 ps
BS3 tsu(fsv-clkAE) Setup time, mcbsp4_fs( valid before 13.2 26.7 ns
mcbsp4_clk® active edge
BS4 th(cIkAE-fsV) Hold time, mchsp4_fs™ valid after 0.3 0.3 ns
mchsp4_clk® active edge
BS6 tsu(drv-clkAE) Setup time, mcbsp4_dr valid before 13.2 26.7 ns
mcbsp4_clk® active edge
BS7 th(clkAE-drv) Hold time, mchsp4_dr valid after 0.3 0.3 ns
mchsp4_clk® active edge
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(1) Related to the input maximum frequency supported by the McBSP module.

(2) P =mcbsp4_clkx / mcbsp4_clkr period in ns

(3) Maximum cycle jitter supported by mcbsp4_clkx / mcbsp4_clkr input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) The timings apply to all configurations regardless of mchsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) mcbsp4_clk corresponds to either mcbsp4_clkx or mcbsp4_clkr; mcbsp4_clkr is available in 6-pin mode only.

(7) mcbsp4_fs corresponds to either mcbsp4_fsx or mcbsp4_fsr; mcbsp4_fsr is available in 6-pin mode only.
(8) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-68. McBSP4 Switching Characteristics—I2S/PCM—Slave Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
BS5 ta(clkxAE-dxV) Delay time, input mcbsp4_clkx active edge to 1.0 23.2 1.1 40.0 ns
output mcbsp4_dx valid
tR(dx) Rise time, output mchsp4_dx 400 6500 400 6500 ps
tr(dx) Fall time, output mchsp4_dx 400 6500 400 6500 ps

(1) The timings apply to all configurations regardless of mcbsp4_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) See DM Operating Condition Addendum for CORE OPP voltages.
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mcbsp4_fs
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[——BM5—— r
( DRY XX DRe XX )Y XX__DRO

Figure 6-63. McBSP4—I2S/PCM—Master ModeM@E®©)

SWPS040-119

(1) mcbsp4_clk corresponds to either mcbsp4_clkx or mcbsp4_clkr; mcbsp4_fs corresponds to either mcbsp4_fsx or mcbsp4_fsr.

McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.

McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via

software configuration, respectively to the clkr and fsr internal signals for data receive.

(2) The polarity of McBSP frame synchronization is software configurable.

(3) The active clock edge selection of mchsp4_clk (rising or falling) on which mcbsp4_dx data is latched and mcbsp4_dr data is sampled is

software configurable.

(4) Timing diagrams are for data delay set to 1.

(5) For more information regarding the registers configuration see the Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.
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Figure 6-64. McBSP4—I2S/PCM—Slave ModeME)#)E)

(1) mcbsp4_clk corresponds to either mcbhsp4_clkx or mcbsp4_clkr; mcbsp4_fs corresponds to either mcbsp4_fsx or mcbsp4_fsr.
McBSP in 6-pin mode: dx and dr as data pins; clkx, clkr, fsx, and fsr as control pins.
McBSP in 4-pin mode: dx and dr as data pins; clkx and fsx pins as control pins. The clkx and fsx pins are internally looped back, via
software configuration, respectively to the clkr and fsr internal signals for data receive.

(2) The polarity of McBSP frame synchronization is software configurable.

(3) The active clock edge selection of mcbsp4_clk (rising or falling) on which mcbsp4_dx data is latched and mcbsp4_dr data is sampled is
software configurable.

(4) Timing diagrams are for data delay set to 1.

(5) For more information regarding the registers configuration see Serial Communication Interface / Multichannel Buffered Serial Port
(McBSP) MCBSP Register Manual / MCBSP Registers / MCBSP Register Summary Table section of the OMAP4430 TRM.

6.6.2 Multichannel Buffered Serial Port (McCASP)

NOTE
For more information, see the Serial Communication Interface section of the OMAP4430
TRM.

Table 6-70 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-65).

Table 6-69. McASP Timing Conditions®@®

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
PCB Conditions
Number of external peripherals
Far end load 7 pF
Trace length, point-to-point interconnect 10 cm
Characteristics impedance 30 60 Q

(1) O settings: MB[1:0] = 10 and LBO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-70. McASP Switching Characteristics®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

9 1/ togancLKX) Frequency®, abe_mcasp_ahclkx 24,5760 24.5760) MHz

10 tw(AHCLKX) Typical pulse duration, abe_mcasp_ahclkx 0.5+P@ — 0.5*P@ — ns
high or low 25 25

11 1/ tyacikx) Frequency®, abe_mcasp_aclkx 245760 24576 MHz

12 tw(ACLKX) Typical pulse duration, abe_mcasp_aclkx high | 0.5*P@ — 0.5+P@ — ns
or low 2.5 25

13 td(ACLKX-AFSX) Delay time, abe_mcasp_aclkx transmit edge to 0 6 0 6 ns
abe_mcasp_afsx output valid

14 tAACLKX-AXR) Delay time, abe_mcasp_aclkx transmit edge to 0 6 0 6 ns
abe_mcasp_axr output valid

15 tais(AXR-ACLKX) Disable time, abe_mcasp_aclkx transmit edge 0 6 0 6 ns
to abe_mcasp_axr output high impedance

(1) Related to the input maximum frequency supported by the McASP module.

(2) P = AHCLKR/X period

(3) This McASP output clock frequency is based on an output ABE DPLL configured at 196.608 MHz.
For more information regarding the registers configuration, see the Power, Reset and Clock Management / Clock Management

Functional Description / Internal Clock Sources/Generators / DPLL_ABE Description section of the OMAP4430 TRM.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-65. McASP Output Timing®®@

(1) For CLKRP = CLKXP = 1, the McASP transmitter is configured for falling edge (to shift data out) and the McASP receiver is configured
for rising edge (to shift data in).

(2) For CLKRP = CLKXP = 0, the McASP transmitter is configured for rising edge (to shift data out) and the McASP receiver is configured
for falling edge (to shift data in).

6.6.3 Multichannel Serial Port Interface (McSPI)

NOTE
For more information, see the Serial Communication Interface section of the OMAP4430
TRM.

McSPI allows a duplex, synchronous, serial communication between a local host and SPI compliant
external devices. The following timings are applicable to the different configurations of McSPI in
master/slave mode for any McSPI and any channel (n).
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6.6.3.1 McSPI—MCSPI Interface in Transmit and Receive—Slave Mode

In slave mode, McSPI initiates data transfer on the data lines (mcspix_somi, mcspix_simo) when it
receives an SPI clock (mcspix_clk) from the external SPI master device.

NOTE
With other system conditions (for instance with a less jitter and duty cycle error source
clock), 24 MHz of clock frequency could be reached.

6.6.3.1.1 McSPI1

Table 6-72 and Table 6-73 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-66 and Figure 6-67).

Table 6-71. McSPI1 Timing Conditions—Slave Mode®®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.00 3.00 ns
te Input signal fall time 1.00 3.00 ns

PCB Conditions
Number of external peripherals -

Far end load 5 pF
Trace length 2 5 cm
Characteristics impedance 20 70 Q

(1) McSPIL:

— Balls AF22 / AE22 | AG22 /| AE23 | AF23 (mcspil_clk / mespil_somi / mespil_simo / mespil_csO / mespil_csl):
SCJ[1:0] = 00 and LB[1:0] = 10
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed I/Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.

— Balls AG23 / AH23 (mcspil_cs2 / mcspil_cs3):
MBI[1:0] =11 and LBO =0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/Os with Combined Mode and Load Settings of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-72. McSPI1 Timing Requirements—Slave Mode®®

NO. PARAMETER 16 MHz SET 8 MHz SET UNIT
MIN MAX MIN MAX

ss1 1/ tegei Frequency®, mcspil_clk® 16() 8" MHz
SS2 t(cikL) Typical pulse duration, mespil_clk® low 0.5*p®@ 0.5+p®@ ns
SS3 tu(clkH) Typical pulse duration, mcspil_clk® high 0.5*p®@ 0.5+p®@ ns
tdc(clk) Duty cycle error, mcspil_clk -3125 3125 —-6250 6250 ps
ticik) Cycle jitter®, mespil_clk -1875 1875 —-2000 2000 ps
tR(clk) Rise time, mecspil_clk 3000 3000 ps
tr(clk) Fall time, mcspil_clk 3000 3000 ps
SS4 tsu(SIMO-CLKAE) Setup time, mecspil_simo valid before 12.82 28.61 ns

mespil_clk® active edge
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Table 6-72. McSPI1 Timing Requirements—Slave Mode™( (continued)

NO. PARAMETER 16 MHz SET 8 MHz SET UNIT
MIN MAX MIN MAX
SS5 th(clkAE-SIMO) Hold time, mcspil_simo valid after 12.82 28.61 ns
mespil_clk® active edge
SS8 tsu(Cs-CLKAE) Setup time, mcspil_csO0 valid before 12.82 28.61 ns
mespil_clk® first edge
SS9 th(clkAE-CS) Hold time, mcspil_csO0 valid after 12.82 28.61 ns

mespil_clk® last edge

(1) Related to the input maximum frequency supported by the McSPI module.
(2) P =mcspil_clk period in ns
(3) Maximum cycle jitter supported by mcspil_clk input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.
(5) This timing applies to all configurations regardless of mcspil_clk polarity and which clock edges are used to drive output data and
capture input data.
(6) With other system conditions (for instance with a less jitter and duty cycle error source clock), 24 MHz of clock frequency could be
reached.
(7) The timings requirements described are applicable to both CORE OPP50 and OPP100 operating points.
Table 6-73. McSPI1 Switching Characteristics—Slave Mode®
NO. PARAMETER 16 MHz SET® 8 MHz SET®) UNIT
MIN MAX MIN MAX
SS6 tack-somy | Delay time, mespil_clk™® active edge to -4.66 18.41 -12.01 37.32 ns
mcspil_somi transition
SS7 tycs-somiy | Delay time, mespil_cs0 active edge | PHA = 0 18.41 37.32 ns
to mcspil_somi transition
tr(somi) Rise time, mcspil_somi 4000.0 4000.0 ps
tr(somi) Fall time, mcspil_somi 4000.0 4000.0 ps

(1) The polarity of mcspil_clk and the active edge (rising or falling) on which mcspil_simo is driven and mcspil_somi is latched is all
software configurable:

— mcspil_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).
For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence description.

(2) This timing applies to all configurations regardless of mcspil_clk polarity and which clock edges are used to drive output data and
capture input data.

(3) The timings requirements described are applicable to both CORE OPP50 and OPP100 operating points.

6.6.3.1.2 McSPI2 and McSPI4

Table 6-75 and Table 6-76 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-66 and Figure 6-67).

Table 6-74. McSPI2 and McSPI4 Timing Conditions—Slave Mode®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.00 4.00 ns
te Input signal fall time 1.00 4.00 ns

PCB Conditions
Number of external peripherals -

Far end load 5 pF
Trace length 2 5 cm
Characteristics impedance 20 60 Q
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(1) 10 settings: LBO = 0 and MBJ[1:0] = 11.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of

the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS

power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-75. McSPI2 and McSPI4 Timing Requirements—Slave Mode®()

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
Ss1 1/ te(eiky Frequency®, mespix_clk®) 160 8 MHz
SS2 tw(clkL) Typical pulse duration, mcspix_clk® low 0.5*P@ 0.5*P@ ns
SS3 tw(clkH) Typical pulse duration, mcspix_clk® high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle error, mespix_clk -3125 3125 —6250 6250 ps
ticclk) Cycle jitter®, mespix_clk -1875 1875 —2000 2000 ps
tR(clk) Rise time, mcspix_clk 4000 4000 ps
tr(cik) Fall time, mcspix_clk 4000 4000 ps
SS4 tsu(SIMO-cIKAE) Setup time, mcspix_simo valid before 12.95 28.74 ns
mespix_clk® active edge
SS5 th(clkAE-SIMO) Hold time, mcspix_simo valid after 12.95 28.74 ns
mespix_clk® active edge
SS8 tsu(Cs-clkAE) Setup time, mcspix_cs0 valid before 12.95 28.74 ns
mespix_clk® first edge
SS9 th(clkAE-CS) Hold time, mcspix_cs0 valid after mespix_clk® | 12.95 28.74 ns
last edge

(1) Related to the input maximum frequency supported by the McSPI module.

(2) P =mcspix_clk period in ns

(3) Maximum cycle jitter supported by mcspix_clk input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) This timing applies to all configurations regardless of mcspix_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) With other system conditions (for instance with a less jitter and duty cycle error source clock), 24 MHz of clock frequency could be
reached.

(7) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-76. McSPI2 and McSPI4 Switching Characteristics—Slave Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SS6 taek-somy | Delay time, mespi2_clk™ active edge to -3.48 16.60 -10.83 36.14 ns
mcspi2_somi transition
SSs7 tycs-somi) | Delay time, mespi2_cs0 active edge | PHA = 0 16.60 36.14 ns
to mcspi2_somi transition
tr(somi) Rise time, mcspi2_somi 5545 5545 ps
tr(som Fall time, mcspi2_somi 5545 5545 ps

(1) The polarity of mcspi2_clk and the active edge (rising or falling) on which mespi2_simo is driven and mcspi2_somi is latched is all
software configurable:

— mcspi2_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).

For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence description.

(2) This timing applies to all configurations regardless of mcspi2_clk polarity and which clock edges are used to drive output data and
capture input data.

(3) See DM Operating Condition Addendum for CORE OPP voltages.
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6.6.3.1.3 McSPI3

Table 6-78 and Table 6-79 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-66 and Figure 6-67).

Table 6-77. McSPI3 Timing Conditions—Slave Mode®®®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.00 4.00 ns
tr Input signal fall time 1.00 4.00 ns

PCB Conditions
Number of external peripherals -

Far end load 5 pF
Trace length 2 5 cm
Characteristics impedance 20 50 Q

(1) 10 settings: DS0 = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance of the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-78. McSPI3 Timing Requirements—Slave Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
Ss1 1/ oy Frequency®, mcspi3_clk®) 16 8 MHz
SS2 t(clkL) Typical pulse duration, mcspi3_clk® low 0.5*p®@ 0.5+p®@ ns
SS3 tyy(clkH) Typical pulse duration, mcspi3_clk® high 0.5*p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, mcspi3_clk -3125 3125 -6250 6250 ps
ti(clk) Cycle jitter®, mespi3_clk -1875 1875 —2000 2000 ps
tR(clk) Rise time, mcspi3_clk 4000 4000 ps
tr(cik) Fall time, mcspi3_clk 4000 4000 ps
Ss4 tsu(sIMO-CLKAE) Setup time, mcspi3_simo valid before 12.92 28.70 ns
mespi3_clk® active edge
SS5 th(clkAE-SIMO) Hold time, mcspi3_simo valid after 12.92 28.70 ns
mespi3_clk® active edge
SS8 tsu(Ccs-CLKAE) Setup time, mcspi3_cs0 valid before 12.92 28.70 ns
mespi3_clk®) first edge
SS9 th(clkAE-CS) Hold time, mcspi3_cs0 valid after 12.92 28.70 ns
mespi3_clk® last edge

(1) Related to the input maximum frequency supported by the McSPI module.

(2) P =mcspi3_clk period in ns

(3) Maximum cycle jitter supported by mcspi3_clk input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

(5) This timing applies to all configurations regardless of mcspi3_clk polarity and which clock edges are used to drive output data and
capture input data.

(6) With other system conditions (for instance with a less jitter and duty cycle error source clock), 24 MHz of clock frequency could be
reached.

(7) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-79. McSPI3 Switching Characteristics—Slave Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SS6 tack-somy | Delay time, mespi3_clk™® active edge to -3.99 17.12 -11.34 36.66 ns
mcspi3_somi transition
SS7 tacs-somy | Delay time, mcspi3_csO active edge | PHA =0 17.12 36.66 ns
to mcspi3_somi transition
tr(somi) Rise time, mcspi3_somi 5001 5001 ps
tr(somi) Fall time, mcspi3_somi 5001 5001 ps

(1) The polarity of mcspi3_clk and the active edge (rising or falling) on which mcspi3_simo is driven and mcspi3_somi is latched is all
software configurable:

— mcspi3_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).
For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence description.

(2) This timing applies to all configurations regardless of mcspi3_clk polarity and which clock edges are used to drive output data and
capture input data.

(3) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-66. McSPI—Slave Mode—Transmit®®?E)
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(1) The active clock edge selection of mcspix_clk (rising or falling) on which mcspix_simo is driven and mcspix_somi data is latched is
software configurable with the bit MCSPI_Ch(i))CONF[1] = POL and the bit MCSPI_Ch(i)CONF[0] = PHA.

(2) The polarity of mcspix_cs is software configurable with the bit MCSPI_Ch(i))CONF[6] = EPOL.
(3) In mcspix, x is equal to 1, 2, 3, or 4.
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mespi_cs(IN)  EpoL=1
\ /
SS2
s91
Ss8 SSs3 SS9
mespi_clk(IN) _POL=0 T\ [\ [\
SS2
s91
POL=1 SS3
mespi_clk(IN) / / \ [\ / \ /
bSS5 sS4
|«ss4 .sss—|
mcspi_simo(IN) (Bitn-1_YX_Bitn2_ XX_Bitn-3_XX_Bitn4_XX__Bito__»
PHA=1
EPOL=1
mespi_cs(IN) —\ /
SS2
s91
ss8 SS3 SS9
. POL=0 *| |’_
mespi_clk(IN) / \ / \ / \ / \ / \
SS3
s91
POL=1 SS2
mcspi_clk(IN) \ \ \ [\ / \ /
le— SS4
>SS5
_.| le— SS4 »sss»|
mcspi_simo(IN) Bitn-1_ XX _Bitn2 XX _Bitn-3 XX__Bit1__X__Bit0__»

SWPS040-055

Figure 6-67. McSPI—Slave Mode—ReceiveM@®)
(1) The active clock edge selection of mcspix_clk (rising or falling) on which mcspix_simo is driven and mcspix_somi data is latched is
software configurable with the bit MCSPI_Ch(i))CONF[1] = POL and the bit MCSPI_Ch(i)CONF[0] = PHA.
(2) The polarity of mcspix_cs is software configurable with the bit MCSPI_Ch(i))CONF[6] = EPOL.
(3) In mespix, x is equal to 1, 2, 3, or 4.

6.6.3.2 McSPI—McSPI Interface in Transmit and Receive—Master Mode

In master mode, McSPI supports multichannel communication. McSPI initiates a data transfer on the data
lines (SPIDAT [1:0]) and generates clock (SPICLK) and control signals (SPIEN) to a single SPI slave
device at a time.
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6.6.3.2.1 McSPI1 and McSPI2—Master Mode—24-MHz Frequency Clock

Table 6-81 and Table 6-82 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-68 and Figure 6-69).

Table 6-80. McSPI1 Timing Conditions—Master Mode®®®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 0.4 5 ns
tr Input signal fall time 0.4 5 ns
PCB Conditions
Number of external peripherals 4
Far end load 25 pF
Trace length 1 10 cm
Characteristics impedance 30 60 Q
(1) 10 settings:
— McSPIL:

— Balls AF22 / AE22 | AG22 | AE23 | AF23 (mcspil_clk / mcspil_somi/ mcspil_simo / mcspil_cs0 / mespil_csl):
SC[1:0] = 00 and LB[1:0] = 10
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal
Integrity Parameter Control Registers with Pad Group Assignment / Low Speed 1/0Os Combined Slew Rate vs TL Length and
Load Settings section of the OMAP4430 TRM.

— Balls AG23 / AH23 (mcspil_cs2 / mcspil_cs3):
MB[1:0] = 11 and LBO =0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal
Integrity Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer I/Os with Combined Mode and Load
Settings of the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-81. McSPI1 Timing Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

SM4 tsu(SOMI-CLKAE) Setup_ time, mcspil_somi valid before 3.02 3.02 ns
mespil_clk® active edge

SM5 th(clkAE-SOMI) Hold time, mcspil_somi valid after 2.76 2.76 ns
mespil_clk® active edge

(1) This timing applies to all configurations regardless of mcspi_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-82. McSPI1 Switching Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SM1 1/ oo Frequency®, mespil_clk® 240 24 MHz
SM2 tw(clkL) Typical pulse duration, mespil_clk® low 0.5+p®@ 0.5p®@ ns
SM3 tw(clkH) Typical pulse duration, mespil_clk® high 0.5+p®@ 0.5p®@ ns
tac(clk) Duty cycle error, mecspil_clk -2083 2083 -2083 2083 ps
i(clky Jitter standard deviation®, mcspil_clk 65 65 ps
tR(clk) Rise time, mcspil_clk 10685 10685 ps
tr(clk) Fall time, mcspil_clk 10685 10685 ps
Copyright © 2010-2012, Texas Instruments Incorporated Timing Requirements and Switching Characteristics 293

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

Table 6-82. McSPI1 Switching Requirements—Master Mode® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SM6 tacik-simo) | Delay time, mespil_clk® active edge to -4.62 4.62 -4.62 4.62 ns
mcspil_simo transition
SM7 tycs-simo) | Delay time, mespil_cs[3:0] active PHA = 0 4.62 4.62 ns
edge to mcspil_simo transition
SMm8 ta(cs-ck) Delay time, mcspil_cs[3:0] active to | PHA =10 | A®) — 254 A®) — 254 ns
mespil_clk® first edge PHA= 0D | B® _ 254 B® _ 254 ns
SM9 td(ck-CS) Delay time, mcspil_clk® last edge |PHA =10 | B® _ 254 B®) - 254 ns
to mespil_cs[3:0] inactive PHA=0D | A® _ 254 AG) _ 254 ns
tr(siMO) Rise time, mcspil_simo 10685 10685 ps
tr(siMo) Fall time, mcspil_simo 10685 10685 ps
tr(cs) Rise time, mcspil_cs[3:0] 10685 10685 ps
trcs) Fall time, mcspil_cs[3:0] 10685 10685 ps

@

@
©)
4)

®)

(6)
@)

®)

The polarity of mcspil_clk and the active edge (rising or falling) on which mcspil_simo is driven and mcspil_somi is latched is all
software configurable:

— mcspil_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 1 (Modes 1 and 3).

— mcspil_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).

For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence description.

P = mcspil_clk clock period

The jitter probability density can be approximated by a Gaussian function.

This timing applies to all configurations regardless of mcspil_clk polarity and which clock edges are used to drive output data and
capture input data.

Case P =48 MHz: A = (TCS + 1) * TgpicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
Case P <48 MHz: A = (TCS + 0.5) * FraTti0 * TspicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
For more information, see the McSPI chapter of the OMAP4430 TRM.

B = (TCS + 0.5) * TspicLkrer * FraTio (TCS is a bit field of MCSPI_Ch(i))CONF register, FraTio: EVen = 2).
For more information, see the McSPI chapter of the OMAP4430 TRM.

This McSPI1 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.

See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-84 and Table 6-85 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-68 and Figure 6-69).

Table 6-83. McSPI2 Timing Conditions—Master Mode—24 MHzM@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 100.00 12500.00 ps
tr Input signal fall time 100.00 12500.00 ps
PCB Conditions
Number of external peripherals 2
Far end load 20 pF
Trace length 1 10 cm
Characteristics impedance 30 55 Q

M

@

10 settings: MB[1:0] =10 and LBO =1

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.
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To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-84. McSPI2 Timing Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

SM4 tsu(sOMI-clkAE) Setup time, mcspi2_somi valid before 2.72 2.72 ns

mespi2_clk® active edge

SM5 th(clkAE-SOMI) Hold time, mcspi2_somi valid after 2.23 2.23 ns

mespi2_clk® active edge

M
@

This timing applies to all configurations regardless of mcspi2_clk polarity and which clock edges are used to drive output data and
capture input data.

See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-85. McSPI2 Switching Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SM1 1/ tegeiky Frequency™®, mcspi2_clk® 247 24 MHz
SM2 t(ck) Typical pulse duration, mcspi2_clk® low 0.5*P@ 0.5*P@ ns
SM3 t(clkH) Typical pulse duration, mespi2_clk® high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle error, mcspi2_clk -2083 2083 -2083 2083 ps
ticclk) Jitter standard deviation®®, mcspi2_clk 65 65 ps
tR(clk) Rise time, mcspi2_clk 11853 11853 ps
tr ek Fall time, mcspi2_clk 10446 10446 ps
SM6 tacik-simo) | Delay time, mespi2_clk® active edge to -4.76 4.76 -4.76 4.76 ns
mcspi2_simo transition
SM7 tacs-simoy | Delay time, mespi2_cs[1:0] active edge to 4.76 4.76 ns
mcspi2_simo transition
SMm8 ta(cs-clk) Delay time, mcspi2_cs[1:0] active to | PHA = 10 | A®) — 268 A®) 268 ns
mcspi2_clk® first edge PHA = 0D | B® _ 268 B® _ 68 ns
SM9 td(ck-CS) Delay time, mcspi2_clk® last edge | PHA =10 | B® — 268 B® - 2.68 ns
to mcspi2_cs inactive PHA =00 | A® _ 268 A6 _ 268 ns
tr(siMO) Rise time, mcspi2_simo 11853 11853 ps
tr(siMo) Fall time, mcspi2_simo 10446 10446 ps
tr(cs) Rise time, mcspi2_cs[1:0] 11853 11853 ps
trcs) Fall time, mcspi2_cs[1:0] 10446 10446 ps

@

@
(©)
4)

®)

(6)
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The polarity of mcspi2_clk and the active edge (rising or falling) on which mcspi2_simo is driven and mcspi2_somi is latched is all
software configurable:

— mcspi2_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 1 (Modes 1 and 3).
— mcspi2_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).

For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence description.

P = mcspi2_clk clock period

The jitter probability density can be approximated by a Gaussian function.

This timing applies to all configurations regardless of mcspi2_clk polarity and which clock edges are used to drive output data and
capture input data.

Case P =48 MHz: A = (TCS + 1) * TgpicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
Case P <48 MHz: A = (TCS + 0.5) * FraTti0 * TspicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
For more information, see the McSPI chapter of the OMAP4430 TRM.

B = (TCS + 0.5) * TspicLkrer * FraTio (TCS is a bit field of MCSPI_Ch(i))CONF register, FraTio: EVen = 2).
For more information, see the McSPI chapter of the OMAP4430 TRM.

This McSPI2 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.
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(8) See DM Operating Condition Addendum for CORE OPP voltages.
6.6.3.2.2 McSPI2, McSPI3, and McSPI4—Master Mode—48-MHz Frequency Clock

6.6.3.2.2.1 McSPI2

Table 6-87 and Table 6-88 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-68 and Figure 6-69).

Table 6-86. McSPI2 Timing Conditions—Master Mode—48 MHz(Y®?®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.00 4.00 ns
tr Input signal fall time 1.00 4.00 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 1 5 cm
Characteristics impedance 30 60 Q

(1) 10 settings: LBO = 1 and MBJ[1:0] = 11
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAPA4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-87. McSPI2 Timing Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SM4 tsusomi- Setup time, mcspi2_somi valid before 2.57 2.57 ns
CLKAE) mcspi2_clk® active edge
SM5 th(clkAE- Hold time, mcspi2_somi valid after mespi2_clk® 2.53 2.53 ns
SOMI) active edge

(1) This timing applies to all configurations regardless of mcspi_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-88. McSPI2 Switching Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

SM1 1/ tegeiy Frequency?, mespi2_clk® 4807 4807 MHz
SM2 t(cikL) Typical pulse duration, mespi2_clk® low 0.5+p®@ 0.5+p®@ ns
SM3 t(clkH) Typical pulse duration, mespi2_clk® high 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, mespi2_clk -1042 1042 -1042 1042 ps
ticclk) Jitter standard deviation®, mcspi2_clk 65 65 ps
tR(clk) Rise time, mespi2_clk 4077.0 4077.0 ps
tr(cik) Fall time, mcspi2_clk 4077.0 4077.0 ps
SM6 tack-simo) | Delay time, mespi2_clk® active edge to -3.55 3.55 -3.55 3.55 ns

mcspi2_simo transition
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Table 6-88. McSPI2 Switching Requirements—Master Mode® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SM7 tycs-simo) | Delay time, mespi2_cs0 active edge | PHA = 0@ 3.55 3.55 ns
to mcspi2_simo transition
SM8 tacs-ck) Delay time, mcspi2_cs0 active to PHA =10 | AG _4.18 A®) _ 418
mespi2_clk® first edge PHA = 0D | 8O _ 418 56 _ 118
SM9 ta(ck-CS) Delay time, mcspi2_clk® last edge | PHA =10 | B® — 4,18 B® - 4.18
to mcspi2_csO0 inactive PHA=0D | A® _ 418 AG) _4.18
tr(siMO) Rise time, mcspi2_simo 4077.0 4077.0 ps
tr(simo) Fall time, mcspi2_simo 4077.0 4077.0 ps
trics) Rise time, mcspi2_cs0 4077.0 4077.0 ps
trcs) Fall time, mcspi2_cs0 4077.0 4077.0 ps
(1) The polarity of mespi2_clk and the active edge (rising or falling) on which mcspi2_simo is driven and mcspi2_somi is latched is all

@
®
4)

(®)

Q)
@)

®)

software configurable:

— mcspi2_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 1 (Modes 1 and 3).
— mcspi2_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).

For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence descriptions.

P = mcspi2_clk clock period

The jitter probability density can be approximated by a Gaussian function.

This timing applies to all configurations regardless of mcspi2_clk polarity and which clock edges are used to drive output data and
capture input data.

Case P =48 MHz: A = (TCS + 1) * TgpicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
Case P <48 MHz: A = (TCS + 05) * FRATlO * TSPlCLKREF (TCS is a bit field of MCSP'_Ch(l)CONF register)
For more information, see the McSPI chapter of the OMAP4430 TRM.

B = (TCS + 05) * TSPlCLKREF * FRATIO (TCS is a bit field of MCSP|_Ch(I)CONF register, FRATIO: Even 2 2)
For more information, see the McSPI chapter of the OMAP4430 TRM.

This McSPI2 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.

See DM Operating Condition Addendum for CORE OPP voltages.

6.6.3.2.2.2 McSPI3

Table 6-90 and Table 6-91 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-68 and Figure 6-69).

Table 6-89. McSPI3 Timing Conditions—Master Mode®®®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1000 4000 ps
te Input signal fall time 1000 4000 ps

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 1 7 cm
Characteristics impedance 40 55 Q

M

@

10 settings: DSO = 0.

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.
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To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-90. McSPI3 Timing Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

SM4 tsu(SOMI-CLKAE) Setup time, mcspi3_somi valid before 2.29 2.29 ns

mespi3_clk® active edge

SM5 th(clkAE-SOMI) Hold time, mcspi3_somi valid after 2.67 2.67 ns

mespi3_clk® active edge

M
@

This timing applies to all configurations regardless of mcspi_clk polarity and which clock edges are used to drive output data and
capture input data.

See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-91. McSPI3 Switching Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SM1 1/ tegeiky Frequency™®, mcspi3_clk® 48 48 MHz
SM2 t(ck) Typical pulse duration, mcspi3_clk® low 0.5*P@ 0.5*P@ ns
SM3 t(clkH) Typical pulse duration, mespi3_clk® high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle error, mcspi3_clk -1042 1042 -1042 1042 ps
ticclk) Jitter standard deviation®®, mcspi3_clk 65 65 ps
tR(clk) Rise time, mcspi3_clk 3820.4 3820.4 ps
tr ek Fall time, mcspi3_clk 3442.4 3442.4 ps
SM6 tacik-simo) | Delay time, mespi3_clk® active edge to -3.57 3.57 -3.57 3.57 ns
mcspi3_simo transition
SM7 tacs-simoy | Delay time, mespi3_cs0 active edge to 3.57 3.57 ns
mcspi3_simo transition
SMm8 ta(cs-clk) Delay time, mcspi3_cs0 active to PHA=1® | A® _4.2 AB) _4.2 ns
mcspi3_clk® first edge PHA = 0® | B® _4.2 B®-4.2 ns
SM9 td(ck-CS) Delay time, mcspi3_clk® last edge |PHA =11 | B® 4.2 B® -4.2 ns
to mcspi3_cs0 inactive PHA=0D | A® _ 42 AG _42 ns
tr(siMO) Rise time, mcspi3_simo 3820.4 3820.4 ps
tr(siMo) Fall time, mcspi3_simo 3442.4 3442.4 ps
tr(cs) Rise time, mcspi3_cs0 3820.4 3820.4 ps
trcs) Fall time, mcspi3_cs0 3442.4 3442.4 ps

@

@
(©)
4)

®)

(6)
@)

The polarity of mcspi3_clk and the active edge (rising or falling) on which mcspi3_simo is driven and mcspi3_somi is latched is all
software configurable:

— mcspi3d_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 1 (Modes 1 and 3).

— mcspi3_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).

For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence descriptions.

P = mcspi3_clk clock period

The jitter probability density can be approximated by a Gaussian function.

This timing applies to all configurations regardless of mcspi3_clk polarity and which clock edges are used to drive output data and
capture input data.

Case P =48 MHz: A = (TCS + 1) * TgpicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
Case P <48 MHz: A = (TCS + 0.5) * FraTti0 * TspicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
For more information, see the McSPI chapter of the OMAP4430 TRM.

B = (TCS + 0.5) * TspicLkrer * FraTio (TCS is a bit field of MCSPI_Ch(i))CONF register, FraTio: EVen = 2).
For more information, see the McSPI chapter of the OMAP4430 TRM.

This McSPI3 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.
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(8) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.3.2.2.3 McSPl4

Table 6-93 and Table 6-94 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-68 and Figure 6-69).

Table 6-92. McSPI4 Timing Conditions—Master Mode®®

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.00 4.00 ns
te Input signal fall time 1.00 4.00 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 1 8 cm
Characteristics impedance 40 55 Q

(1) 10 settings: LBO = 1 and MBJ[1:0] = 11
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-93. McSPI4 Timing Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

SM4 tsu(SOMI-CLKAE) Setup time, mcspi4_somi valid before 2.27 2.27 ns
mespi4_clk® active edge

SM5 th(clkAE-SOMI) Hold time, mcspi4_somi valid after 2.67 2.67 ns
mespi4_clk® active edge

(1) This timing applies to all configurations regardless of mcspi_clk polarity and which clock edges are used to drive output data and
capture input data.

(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-94. McSPI4 Switching Requirements—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SMm1 1/t | Frequency®, mespid_clk® 480 487 MHz
SM2 tw(clkL) Typical pulse duration, mcspi4_clk® low 0.5+p®@ 0.5+p®@ ns
SM3 tw(clkH) Typical pulse duration, mespi4_clk® high 0.5+p®@ 0.5+p®@ ns
tdc(clk) Duty cycle error, mecspi4_clk -1042 1042 -1042 1042 ps
ticcik) Jitter standard deviation®®, mcspi4_clk 65 65 ps
tR(clk) Rise time, mcspi4_clk 4085.0 4085.0 ps
tF(clk) Fall time, mcspi4_clk 4085.0 4085.0 ps
SM6 tacik-simo) | Delay time, mespi4_clk® active edge to -3.43 3.43 -3.43 3.43 ns
mcspi4_simo transition
SM7 tacs-siMo) Delay_ timg, mcspi4___csO active edge to 3.43 3.43 ns
mcspi4_simo transition
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Table 6-94. McSPI4 Switching Requirements—Master Mode® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SMm8 ta(cs-clk) Delay time, mcspi4_cs0 active to PHA = 10 | A® — 4,06 A®) — 4.06 ns
mcspi4_clk® first edge PHA= 0D | BO®— 406 5O _ 206 s
SM9 td(ck-CS) Delay time, mcspi4_clk® last edge | PHA =10 | B® — 4,06 B® - 4.06 ns
to mcspi4_cs inactive PHA = 0W | A® — 406 A5 _ 406 ns
tr(siMO) Rise time, mcspi4_simo 4085.0 4085.0 ps
tr(siMo) Fall time, mcspi4_simo 4085.0 4085.0 ps
tr(cs) Rise time, mcspi4_cs0 4085.0 4085.0 ps
trcs) Fall time, mcspi4_cs0 4085.0 4085.0 ps

@

@
©)
4)

®)

(6)
@)

®)

The polarity of mcspi4_clk and the active edge (rising or falling) on which mcspi4_simo is driven and mcspi4_somi is latched is all
software configurable:

— mcspi4_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 1 (Modes 1 and 3).
— mcspi4_clk phase programmable with the bit PHA of MCSPI_Ch(i))CONF register: PHA = 0 (Modes 0 and 2).

For more information, see the McSPI environment chapter, Data Format Configurations section of the OMAP4430 TRM for modes and
phase correspondence descriptions.

P = mcspi4_clk clock period

The jitter probability density can be approximated by a Gaussian function.

This timing applies to all configurations regardless of mcspi4_clk polarity and which clock edges are used to drive output data and
capture input data.

Case P =48 MHz: A = (TCS + 1) * TgpicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
Case P <48 MHz: A = (TCS + 0.5) * FraTti0 * TspicLkrer (TCS is a bit field of MCSPI_Ch(i))CONF register)
For more information, see the McSPI chapter of the OMAP4430 TRM.

B = (TCS + 0.5) * TspicLkrer * FraTio (TCS is a bit field of MCSPI_Ch(i))CONF register, FraTio: EVen = 2).
For more information, see the McSPI chapter of the OMAP4430 TRM.

This McSPI4 output clock frequency is based on an output PER DPLL configured at 96 MHz.
For more information regarding the registers configuration, see Power, Reset and Clock Management / Clock Management Functional
Description / Internal Clock Sources/Generators / DPLL_PER Description section of the OMAP4430 TRM.

See DM Operating Condition Addendum for CORE OPP voltages.
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SWPS040-056

Figure 6-68. McSPl—Master Mode—Transmit®@®)

(1) The active clock edge selection of mcspi_clk (rising or falling) on which mcspi_simo is driven and mcspi_somi data is latched is software
configurable with the bit MCSPI_Ch(i))CONF[1] = POL and the bit MCSPI_Ch(i))CONF[0] = PHA.

(2) The polarity of mespi_ncs is software configurable with the bit MCSPI_Ch(i))CONF[6] = EPOL.

(3) In mcspix, x is equal to 1, 2, 3, or 4.
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SWPS040-057

Figure 6-69. McSPI—Master Mode—Transmit@®)
(1) The active clock edge selection of mcspi_clk (rising or falling) on which mcspi_simo is driven and mcspi_somi data is latched is software
configurable with the bit MCSPI_Ch(i)CONF[1] = POL and the bit MCSPI_Ch(i))CONF[0] = PHA.
(2) The polarity of mcspi_ncs is software configurable with the bit MCSPI_Ch(i))CONF[6] = EPOL.
(3) In mcspix, x is equal to 1, 2, 3, or 4.
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6.6.4 Digital Microphone (DMIC)

NOTE

For more information, see the Digital Microphone Controller chapter in the OMAP4430 TRM.

The DMIC allows support of up to three digital stereo microphones that send it a pulse-density modulated
stream of bits, transferred on one period or one half-period of the clock (over-sampling clock) provided to

the DMIC.

Table 6-96 and Table 6-97 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-71).

Table 6-95. DMIC Timing Conditions—Master/Receive Mode®®@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 10 ns
tr Input signal fall time 10 ns
PCB Conditions @
Number of external peripherals See®
Far end load when accounting for external ESD protection 20 pF
Trace length 25 cm
Characteristics impedance 40 70 Q

M

@

®)
4)

©)

10 settings: LBO = 0 and MB[1:0] = 10

— For balls AE24 /| AF24 | AG24 | AH24 (abe_dmic_clkl / abe_dmic_dinl / abe_dmic_din2 / abe_dmic_din3 in multiplexing mode 0),
for more information see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0s with Combined Mode and Load Settings section

of the OMAP4430 TRM.

— For balls AF16 / AG16 (abe_dmic_din3 / abe_dmic_clk3 in multiplexing mode 5), see Control Module / Control Module Functional
Description/ Functional Register Description / Signal Integrity Parameter Control Registers with Pad Group Assignment / I/Os with

Combined Mode and Load Settings section of the OMAP4430 TRM.

In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS

power supply name, see Table 2-1, POWER [9] column with the ball name.
Figure 6-70 shows an example of DMIC implementation.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:

Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

For more information on the peripheral conditions, see Figure 6-70, DMIC Implementation Example.
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Figure 6-70. DMIC Implementation Example®

(1) Itis also possible to use different PCB guideline clock outputs rather than sharing one as described in above implementation example.
In such case, each pair (pair [3:1]) of digital microphone can be connected to a dedicated data and clock signals (dmic_din[3:1],
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dmic_clk[3:1]). This way each microphone is turned off independently from each others.

Table 6-96. DMIC Timing Requirements—Master/Receive Mode

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DMIC4 tsuv-cikHy | Setup time, input abe_dmic_din[3:1] valid before 72.3 72.3 ns
abe_dmic_clk[3:1] rising/falling edge
DMICS5 th(clkH-dv) Hold time, output abe_dmic_din[3:1] valid after -0.7 -0.7 ns
abe_dmic_clk[3:1] rising/falling edge
Table 6-97. DMIC Switching Characteristics—Master/Receive Mode®
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
DMIC1 1/ tegeiny Frequency™® output dmic clock abe_dmic_clk[3:1] 3.84 3.84 MHz
DMIC2 tck) Pulse duration, output dmic clock 0.5*P@ 0.5*P@ ns
abe_dmic_clk[3:1] low
DMIC3 tw(clkH) Pulse duration, output dmic clock 0.5+p®@ 0.5+p®@ ns
abe_dmic_clk[3:1] high
tac(clk) Duty cycle error, output dmic clock 13 13 ns
abe_dmic_clk[3:1]
ti(clk) Jitter standard deviation®®, output dmic clock 67 67 ns
abe_dmic_clk[3:1]
tR(clk) Rise time, output dmic clock abe_dmic_clk[3:1] 10 10 ns
trclk) Fall time, output dmic clock abe_dmic_clk[3:1] 10 10 ns
(1) Related to the output abe_dmic_clk[3:1] maximum frequency programmable.
(2) P = output abe_dmic_clk[3:1] period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
DMIC1 >
DMIC2 ~ DMIC3 ——
abe_dmic_clk[3:1] __/ \ [/ \

abe_dmic_din[3:1]

|-— DMIC4 —<>——|DMIC5 |-— DMIC4

DMICS

LEFT DATA

) RIGHT DATA )

X

LEFTDATA (0

Figure 6-71. DMIC—Master DDR Receive Mode™

(1) RIGHT/LEFT DATA capturing edges depend on the DOS DMIC pin implementation.
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6.6.5 Multichannel Pulse Density Modulation (McPDM)

Multichannel pulse density modulation interface (McPDM) is an audio module dedicated to mobile
telephone terminal. It's composed of uplink and downlink paths both communicating with audio companion
chip through a dedicated interface. Aim of the uplink path is to process data from the McPDM interface,
decimate and filter the data, and store them in FIFO. FIFO will be controlled by IRQ or DMA request and
fed outside from McPDM module following standard OCP format.

Aim of the downlink path is to process data coming from FIFO, through sigma-delta converter and feed it
to McPDM interface. The data is also transmitted to audio companion chip by operating a sample
frequency conversion.

Table 6-99 and Table 6-100 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-72 and Figure 6-73).

Table 6-98. McPDM Timing Conditions®®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.00 6.00 ns
te Input signal fall time 1.00 6.00 ns

PCB Conditions
Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 20 65 Q

(1) 10 settings: MB[1:0]= 01 and LBO =0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-99. McPDM Timing Requirements—Master and Receive SDR Mode™

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
fe(clks) Input abe_clks frequency 19.2 19.2 MHz
PDM6 | tsyquiv-cikH) Setup time, abe_pdm_ul_data valid before 21.68 21.68 ns
abe_pdm_Ib_clk rising edge
PDM7 | thcikH-ulv) Hold time, abe_pdm_ul_data valid after 0.10 0.10 ns
abe_pdm_lb_clk rising edge
PDM8 | tsy(framev-clkH) Setup time, abe_pdm_frame valid before 21.68 21.68 ns
abe_pdm_Ib_clk rising edge
PDMS9 | th(cikH-framev) Hold time, abe_pdm_frame valid after 0.10 0.10 ns

abe_pdm_lb_clk rising edge
(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-100. McPDM Switching Characteristics—Master and Transmit SDR Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
PDM1 1/ ey Frequency® output abe_pdm_Ib_clk clock 19.2 19.2 MHz
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Table 6-100. McPDM Switching Characteristics—Master and Transmit SDR Mode™®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
PDM2 tw(clkH) :]'_yr;]ical pulse duration, output abe_pdm_Ib_clk 0.5*P@ 0.5*P@ ns
19
PDM3 tw(clkL) ;I'ypical pulse duration, output abe_pdm_Ilb_clk 0.5+p®@ 0.5+p®@ ns
ow
tac(clk) Duty cycle error, output abe_pdm_Ib_clk -2604 2604 -2604 2604 ps
ticclk) Jitter standard deviation®®, output 434 434 ps
abe_pdm_Ib_clk
tr(clk) Rise time, output abe_pdm_Ib_clk ns
trcik) Fall time, output abe_pdm_Ib_clk ns
PDM4 ta(clkH-div) Delay time, output abe_pdm_Ib_clk high to 1.45 33.03 1.45 33.03 ns
output abe_pdm_dI_data valid
PDM5 ta(clkH-frameV) Delay time, output abe_pdm_lb_clk high to 1.45 33.03 1.45 33.03 ns
output abe_pdm_frame valid
tred) Rise time, output abe_pdm_dl_data 5 5 ns
tran Fall time, output abe_pdm_dl_data 5 5 ns
tRr(frame) Rise time, output abe_pdm_frame 5 5 ns
trframe) Fall time, output abe_pdm_frame 5 5 ns

(1) Related to the output clk maximum frequency.

(2) P = output clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.

(4) The timing requirements are assured for the Jitter standard deviation and duty cycle error conditions specified.
(5) See DM Operating Condition Addendum for CORE OPP voltages.

abe_pdm_dl|_data

PDM1
PDM2 PDM3
abepdmbok \ /[ \ /NN /T
PDM4 PDM4
PDM4 PDM4
X X X X ) X
PDM5 PDM5
PDMS5 PDM5
X X X X ) X

abe_pdm_frame

Figure 6-72. McPDM—Master Transmit SDR Mode
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»| PDM7
|<— PDM6 — |<_ PDM6 _<>—>| PDM7
abe_pdm_ul_data X X X X X A) X
»| PDM9
I-_ PDM8 — I__ PDM8 _<>—>| PDM9
abe_pdm_frame X X X X X M X

SWPS040-060

Figure 6-73. McPDM—Master Receive SDR Mode

6.6.6 SlimBus

NOTE
For more information, see the Serial Communication Interface / Serial Low-Power Inter-Chip
Media Bus Controller section of the OMAP4430 TRM.

The SlimBus controller provides a bidirectional, multidrop, multichannel, two-line serial interface between
the OMAP4430 chip and external components in a system such as audio codecs, Bluetooth® module, FM
radio receiver/transmitter. It can accommodate a wide range of peripherals and clocked frame-oriented
protocols (12S, PCM, TDM) due to its high level of versatility.

6.6.6.1 ABE SlimBus1, SlimBus2—SLIMBUS SDR 24.6 MHz

Table 6-102 and Table 6-103 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-74 and Figure 6-75).

Table 6-101. ABE SlimBus1, SlimBus2 Timing Conditions®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.2 ps
tr Input signal fall time 1.2 ps
PCB Conditions
Number of external peripherals 3
Far end load 15 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings: MB[1:0] = 11 and LBO = 1.
— Balls: AC26 / AC25 / AG24 | AH24 (abe_slimbusl_clock, abe_slimbusl_data, slimbus2_clock, slimbus2_data)
For more information on 10 settings, see Control Module / Control Module Functional Description/ Functional Register Description /
Signal Integrity Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer I/Os with Combined Mode and Load
Settings section of the OMAP4430 TRM.
— Corresponding voltage: 1.8 V.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
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Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-102. ABE SlimBus1, SlimBus2 Timing Requirements®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SB1 1/t Frequency® slimbusx_clock clock period 24576 12.288 MHz
SB2 t(clkH) Typical pulse duration, slimbusx_clock clock low 0.5p®@ 0.5+p®@ ns
SB3 tw(clkL) Typical pulse duration, slimbusx_clock clock high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle slimbusx_clock clock error 2000 2000 ps
ticclk) Cycle slimbusx_clock clock jitter® 283 283 ps
SB4 tsu(dv-clkH) Setup time, slimbusx_data valid before slimbusx_clock 4.6 8.1 ns
falling edge
SB5 th(clkH-dv) Hold time, slimbusx_data valid after slimbusx_clock 1.3 3.3 ns
falling edge
(1) Related to the input maximum frequency supported by the SlimBus module
(2) P =slimbusx_clock period in ns
(3) Maximum cycle jitter supported by slimbusx_clock input clock
(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.
(5) slimbusx represents abe_slimbusl and slimbus2.
(6) See DM Operating Condition Addendum for CORE OPP voltages.
Table 6-103. ABE SlimBus1, SlimBus2 Switching Characteristics®
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SB1 1/ ey Frequency® slimbusx _clock clock period 24576 12.288 MHz
SB2 t(clkH) Typical slimbusx _clock clock low 0.5+p®@ 0.5+p®@ ns
SB3 t(cikL) Typical slimbusx _clock clock high 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output slimbusx _clock clock 2000 2000 ps
tr(clk) Rise time, output slimbusx _clock clock 5.488 5.488 ns
trcik) Fall time, output slimbusx _clock clock 5.745 5.745 ns
SB6 ta(ckL-dov) Delay time, output slimbusx _clock clock high 0.000 11.528 0.000 31.059 ns
to output slimbusx _data valid
tR(do) Rising time, output slimbusx _data 5.488 5.488 ns
tr(do) Falling time, output slimbusx _data 5.745 5.745 ns
(1) Related to the output maximum frequency supported by the SlimBus module
(2) P = output slimbusx _clock period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) slimbusx represents abe_slimbusl and slimbus2.
(5) See DM Operating Condition Addendum for CORE OPP voltages.
4 SB2»<-SB3»|
<—SF1—>
SLIMBUS_CLK \ / / / \ / v/ v/
—P{ < SB4 <—>- SB5
SLIMBUS_DATA X X X X X
SWPS040-149

Figure 6-74. ABE SlimBus1, SlimBus2 Master Read Mode®

(1) slimbusx represents abe_slimbusl and slimbus2.
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SLIMBUS_CLK

SLIMBUS_DATA

SBZ SB3
SB1

\ \

LSB<»|
)

Figure 6-75. ABE SlimBus1, SlimBus2 Master Write Mode®®

(1) The polarity of signals is software configurable.
For more information, see the Serial Communication Interface / Serial Low-Power Inter-Chip Media Bus Controller section of the
OMAP4430 TRM.

(2) slimbusx represents abe_slimbusl and slimbus2.

6.6.6.2 ABE SlimBus1, SlimBus2—SLIMBUS SDR 19.2 MHz

SWPS040-150

Table 6-104. ABE SlimBus1, SlimBus2 Timing Conditions®®@®)

Table 6-105 and Table 6-106 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-76 and Figure 6-77).

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1.20 ps
te Input signal fall time 1.20 ps
PCB Conditions
Number of external peripherals 4
Far end load 20 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings: MBJ[1:0] =

11 and LBO = 1.

Balls: AC26 / AC25 / AG24 | AH24 (abe_slimbus1_clock, abe_slimbusl1_data, slimbus2_clock, slimbus2_data)
For more information on 10 settings, see Control Module / Control Module Functional Description/ Functional Register Description /
Signal Integrity Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer I/Os with Combined Mode and Load
Settings section of the OMAP4430 TRM.
Corresponding voltage: 1.8 V.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-105. ABE SlimBus1, SlimBus2 Timing Requirements®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SB1 1/ ooy Frequency® slimbusx_clock clock period 19.2 9.6 MHz
SB2 t(clkH) Typical pulse duration, slimbusx_clock clock low 0.5*p®@ 0.5*p®@ ns
SB3 t(cikL) Typical pulse duration, slimbusx_clock clock high 0.5*p®@ 0.5*p®@ ns
tac(clk) Duty cycle slimbusx_clock clock error 2000 2000 ps
ti(clk) Cycle slimbusx_clock clock jitter® 283 283 ps
SB4 tsu(dv-clkH) Setup time, slimbusx_data valid before slimbusx_clock 4.6 8.1 ns
falling edge
SB5 th(clkH-dv) Hold time, slimbusx_data valid after slimbusx_clock 0.2 2.2 ns
falling edge
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(1) Related to the input maximum frequency supported by the SlimBus module
(2
3)
4
(5)
(6)

P = slimbusx_clock period in ns
Maximum cycle jitter supported by slimbusx_clock input clock

slimbusx represents abe_slimbus1 and slimbus2.
See DM Operating Condition Addendum for CORE OPP voltages.

The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.

Table 6-106. ABE SlimBus1, SlimBus2 Switching Characteristics®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SB1 1/ te(eiky Frequency® slimbusx _clock clock period 19.2 9.6 MHz
SB2 tw(clkH) Typical slimbusx _clock clock low 0.5*p®@ 0.5p®@ ns
SB3 tw(clkL) Typical slimbusx _clock clock high 0.5*p®@ 0.5p®@ ns
tac(clk) Duty cycle error, output slimbusx _clock clock 2000 2000 ps
tR(clk) Rise time, output slimbusx _clock clock 9.052 9.052 ns
tr(cik) Fall time, output slimbusx _clock clock 10.332 10.332 ns
SB6 ta(clkL-dov) Delay time, output slimbusx _clock clock high 0.000 12.964 0.000 39.005 ns
to output slimbusx _data valid
tR(do) Rising time, output slimbusx _data 9.052 9.052 ns
tF(do) Falling time, output slimbusx _data 10.332 10.332 ns
(1) Related to the output maximum frequency supported by the SlimBus module
(2) P = output slimbusx _clock period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) slimbusx represents abe_slimbus1 and slimbus2.
(5) See DM Operating Condition Addendum for CORE OPP voltages.
+saz>|+ssa*
4—8:31—»
SLIMBUS_CLK \ / / / \ / v/ v/
»{ <« SB4 +>\— SB5
SLIMBUS_DATA X X X X X
SWPS040-149
Figure 6-76. ABE SlimBus1, SlimBus2 Master Read Mode™®
(1) slimbusx represents abe_slimbusl and slimbus2.
SBZ SB3
SB1
SLIMBUS_CLK \ \ / \ / \ /
I—SBG->|
SLIMBUS_DATA X X X X X

Figure 6-77. ABE SlimBus1, SlimBus2 Master Write Mode®®

(1) The polarity of signals is software configurable.

SWPS040-150

For more information, see the Serial Communication Interface / Serial Low-Power Inter-Chip Media Bus Controller section of the

OMAP4430 TRM.
(2) slimbusx represents abe_slimbus1 and slimbus2.
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6.6.7 High-Speed Synchronous Interface (HSI)

The MIPI high-speed synchronous serial interface (HSI) module is a multichannel and full duplex serial
communications interface, composed of the HSI Transmitter (HSIT) in charge of the transmitted
information and the HSI Receiver (HSIR) in charge of the received information. The HSI peripheral is used
typically to enable OMAP to exchange information with an external modem. On the modem side, there is
also a receiver and a transmitter.

6.6.7.1 High-Speed Synchronous Interface 1

6.6.7.1.1 HSI1 Transmit and Receive Modes—1.2 V

Table 6-108 and Table 6-109 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-78 and Figure 6-79).

Table 6-107. HSI1 Timing Conditions—Transmit and Receive Modes—1.2 V®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1000 1300 ps
tr Input signal fall time 1000 1200 ps

PCB Conditions®
Number of external peripherals

Far end load 5 pF
Trace length 4 cm
Characteristics impedance 35 55 Q

(1) 10 settings: MB[1:0] = 11 and LBO = 1, mode 3.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0s with Combined Mode and Load Settings section of the OMAP4430
TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) Minimize the number of vias by layer transitions.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
Output load C_poap Or Far end load equals to the total capacitance seen at the Far end of the transmission line.

Table 6-108. HSI1 Timing Requirements—Receive Mode—1.2 V(!

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/ te(data,flag) Frequency, hsi_cadata, hsi_caflag 112 56 MHz
HSI1 1/ te(nomBity Frequency, nominal bit time 225 112 MHz
HSI2 t4(DAT-FLAG) Delay time, hsi_cadata transition to hsi_caflag 1.56 3.13 ns
transition
td(FLAG-DAT) Delay time, hsi_caflag transition to hsi_cadata 1.56 3.13 ns
transition
HSI3 taoaT) Duration time, hsi_cadata low level or high 2.56 5.13 ns
level duration
taFLAG) Duration time, hsi_caflag low level or high 2.56 5.13 ns
level duration
HSI4 tr Rise time, hsi_cadata and hsi_caflag 1.0 1.30 1.0 1.30 ns
HSI5 te Fall time, hsi_cadata and hsi_caflag 1.0 1.20 1.0 1.20 ns
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(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-109. HSI1 Switching Characteristics—Transmit Mode—1.2 V()R)E)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/ ty(data flag) Frequency, hsi_acdata, hsi_acflag 96 48 MHz
HSI1 1/ tenomBity Frequency, nominal bit time 192 96 MHz
HSI6 t4(DAT-FLAG) Delay time, hsi_acdata transition to his_acflag 2.08 P +0.98 4.17 P+221 ns
transition
td(FLAG-DAT) Delay time, hsi_acflag transition to hsi_acdata 2.08 P +0.98 4.17 P +2.21 ns
transition
HSI7 tyoaT) Duration time, hsi_acdata low level or high 2.32 P+1.18 4.42 P+241 ns
level duration
taFLAG) Duration time, hsi_acflag low level or high 2.32 P+1.18 4.42 P +2.41 ns
level duration
HSI8 tr Rise time, hsi_acdata and hsi_acflag 0.20 1.60 0.40 1.60 ns
HSI9 tr Fall time, hsi_acdata and hsi_acflag 0.20 1.40 0.30 1.40 ns

(1) Considered capacitive load is equal to 5 pF.
(@) P =tenomait time in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.7.1.2 HSI1 Transmit and Receive Modes—1.8 V

Table 6-111 and Table 6-112 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-78 and Figure 6-79).

Table 6-110. HSI1 Timing Conditions—Transmit and Receive Modes—1.8 V®@®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MN | MAX
Input Conditions
tr Input signal rise time 1000 1500 ps
te Input signal fall time 1000 1300 ps

PCB Conditions®
Number of external peripherals

Far end load 5 pF
Trace length 4 cm
Characteristics impedance 35 55 Q

(1) 10 settings: MB[1:0] = 11 and LBO = 0, mode 3.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0s with Combined Mode and Load Settings section of the OMAP4430
TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) Minimize the number of vias by layer transitions.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
Output load C_oap Or Far end load equals to the total capacitance seen at the Far end of the transmission line.

Table 6-111. HSI1 Timing Requirements—Receive Mode—1.8 V()

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/ ty(data flag) Frequency, hsi_cadata, hsi_caflag 112 56 MHz
HSI1 1/ tenomBit) Frequency, nominal bit time 225 112 MHz
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Table 6-111. HSI1 Timing Requirements—Receive Mode—1.8 VY (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
HSI2 t4(DAT-FLAG) Delay time, hsi_cadata transition to hsi_caflag 1.56 3.13 ns
transition
td(FLAG-DAT) Delay time, hsi_caflag transition to hsi_cadata 1.56 3.13 ns
transition
HSI3 taoaT Duration time, hsi_cadata low level or high level 2.56 5.13 ns
duration
tarLAG) Duration time, hsi_caflag low level or high level 2.56 5.13 ns
duration
HSI4 tr Rise time, hsi_cadata and hsi_caflag 1.0 15 1.0 15 ns
HSI5 tr Fall time, hsi_cadata and hsi_caflag 1.0 1.3 1.0 1.3 ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-112. HSI1 Switching Characteristics—Transmit Mode—1.8 VW@®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/ te(data,flag) Frequency, hsi_acdata, hsi_acflag 96 48 MHz
HSI1 1/ te(nomBit) Frequency, nominal bit time 192 96 MHz
HSI6 t4(DAT-FLAG) Delay time, hsi_acdata transition to his_acflag 2.08 P +0.78 4.17 P+1.91 ns
transition
td(FLAG-DAT) Delay time, hsi_acflag transition to hsi_acdata 2.08 P +0.78 4.17 P+1.91 ns
transition
HSI7 taaT) Duration time, hsi_acdata low level or high level 2.57 P +1.18 4.69 P +2.41 ns
duration
tarLAG) Duration time, hsi_acflag low level or high level 2.57 P +1.18 4.69 P +241 ns
duration
HSI8 tr Rise time, hsi_acdata and hsi_acflag 0.40 1.70 0.60 1.70 ns
HSI9 te Fall time, hsi_acdata and hsi_acflag 0.50 1.50 0.60 1.50 ns

(1) Considered capacitive load is equal to 5 pF.

(2) P = tgnomaiy time in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.7.2 High-Speed Synchronous Interface 2

6.6.7.2.1 HSI2 Transmit and Receive Modes—1.2 V

Table 6-114 and Table 6-115 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-78 and Figure 6-79).

Table 6-113. HSI2 Timing Conditions—Transmit and Receive Modes—1.2 VD@

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 1000 1100 ps
tr Input signal fall time 1000 1100 ps
PCB Conditions®
Number of external peripherals
Far end load 5 pF
Trace length cm
Characteristics impedance 35 50 Q
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(1) 10 settings: DSO = 1.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) Minimize the number of vias by layer transitions.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
Output load C_oap Or Far end load equals to the total capacitance seen at the Far end of the transmission line.

Table 6-114. HSI2 Timing Requirements—Receive Mode—1.2 V(Y

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/ t(data,flag) Frequency, hsi_cadata, hsi_caflag 112 56 MHz
HSI1 1/ tenomBit) Frequency, nominal bit time 225 112 MHz
HSI2 td(DAT-FLAG) Delay time, hsi_cadata transition to hsi_caflag 1.56 3.13 ns
transition
t4(FLAG-DAT) Delay time, hsi_caflag transition to hsi_cadata 1.56 3.13 ns
transition
HSI3 taoaT Duration time, hsi_cadata low level or high level 2.56 5.13 ns
duration
taFLAG) Duration time, hsi_caflag low level or high level 2.56 5.13 ns
duration
HSI4 tr Rise time, hsi_cadata and hsi_caflag 1 1.10 1 1.10 ns
HSI5 te Fall time, hsi_cadata and hsi_caflag 1 1.10 1 1.10 ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-115. HSI2 Switching Characteristics—Transmit Mode—1.2 V®@)E)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/ ty(data flag) Frequency, hsi_acdata, hsi_acflag 96 48 MHz
HSI1 1/ teynomBit) Frequency, nominal bit time 192 96 MHz
HSI6 td(DAT-FLAG) Delay time, hsi_acdata transition to his_acflag 2.08 P +0.98 4.17 P+221 ns
transition
td(FLAG-DAT) Delay time, hsi_acflag transition to hsi_acdata 2.08 P +0.98 4.17 P+221 ns
transition
HSI7 taaT) Duration time, hsi_acdata low level or high level 231 P +1.18 4.39 P +241 ns
duration
taFLAG) Duration time, hsi_acflag low level or high level 2.31 P+1.18 4.39 P+241 ns
duration
HSI8 tr Rise time, hsi_acdata and hsi_acflag 0.20 1.50 0.30 1.50 ns
HSI9 tr Fall time, hsi_acdata and hsi_acflag 0.20 1.40 0.30 1.40 ns

(1) Considered capacitive load is equal to 5 pF.
(2) P = tenomsiy time in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.

6.6.7.2.2 HSI2 Transmit and Receive Modes—1.8 V

Table 6-117 and Table 6-118 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-78 and Figure 6-79).
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Table 6-116. HSI2 Timing Conditions—Transmit and Receive Modes—1.8 V()

SYSTEM CONDITION PARAMETER VALUE UNIT
MN | MAX
Input Conditions
tr Input signal rise time 1000 1300 ps
tr Input signal fall time 1000 1200 ps

PCB Conditions®
Number of external peripherals

Far end load 5 pF
Trace length 4 cm
Characteristics impedance 35 50 Q

(1) 10 settings: DSO = 1.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) Minimize the number of vias by layer transitions.
The use of 15-Q external serial resistance is recommended for transmit mode on hsi2_acdata (HSI2 APE to cellular modem data signal)
and hsi2_acflag (HSI2 APE to cellular modem flag signal).
In case the application needs both transmit and receive modes, the serial resistance is also recommended for receive mode on
hsi2_cadata (HSI2 cellular modem to APE data signal) and hsi2_caflag (HSI2 cellular modem to APE flag signal).

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
Output load C_poap Or Far end load equals to the total capacitance seen at the Far end of the transmission line.

Table 6-117. HSI2 Timing Requirements—Receive Mode—1.8 V(!

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

1/ te(data flag) Frequency, hsi_cadata, hsi_caflag 112 56 MHz

HSI1 1/ tenomBity Frequency, nominal bit time 225 112 MHz
HSI2 t4(DAT-FLAG) Delay time, hsi_cadata transition to hsi_caflag transition 1.56 3.13 ns
t4(FLAG-DAT) Delay time, hsi_caflag transition to hsi_cadata transition 1.56 3.13 ns
HSI3 tyoaT) Duration time, hsi_cadata low level or high level duration 2.56 5.13 ns
taFLAG) Duration time, hsi_caflag low level or high level duration 2.56 5.13 ns
HSI4 tr Rise time, hsi_cadata and hsi_caflag 1.0 1.30 1.0 1.30 ns
HSI5 e Fall time, hsi_cadata and hsi_caflag 1.0 1.20 1.0 1.20 ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-118. HSI2 Switching Characteristics—Transmit Mode—1.8 V()®?)E)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
1/tatafiag) | Frequency, hsi_acdata, hsi_acflag 96 48 MHz
HSI1 1/ tenomBity Frequency, nominal bit time 192 96 MHz
HSI6 t4(DAT-FLAG) Delay time, hsi_acdata transition to his_acflag transition 2.08 P +0.98 4.17 P+221 ns
t4(FLAG-DAT) Delay time, hsi_acflag transition to hsi_acdata transition 2.08 P +0.98 4.17 P+221 ns
HSI7 taoaT) Duration time, hsi_acdata low level or high level duration 2.35 P+1.18 4.43 P+241 ns
taFLAG) Duration time, hsi_acflag low level or high level duration 2.35 P+1.18 4.43 P+241 ns
HSI8 tr Rise time, hsi_acdata and hsi_acflag 0.20 1.60 0.30 1.60 ns
HSI9 te Fall time, hsi_acdata and hsi_acflag 0.20 1.40 0.30 1.40 ns
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(1) Considered capacitive load is equal to 5 pF.

(2) P =tgnomsiy time in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-78. HSI1, 2 Interfaces—1.2 VV and 1.8 V—Receive Mode®®

(1) Inhsix, x is equal to 1 or 2.

(2) The hsix_cadata signal always reflects the value being transmitted and the hsix_caflag signal only toggles when the bit value transmitted

remains constant. Transmission of one bit is indicated by a transition on exactly one, and only one, of the two signals.
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Figure 6-79. HSI1, 2 Interfaces—1.2 V and 1.8 V—Transmit Mode®®

(1) Inhsix, x is equal to 1 or 2.

(2) The hsix_acdata signal always reflects the value being transmitted and the hsix_acflag signal only toggles when the bit value transmitted

remains constant. Transmission of one bit is indicated by a transition on exactly one, and only one, of the two signals.
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6.6.8 Universal Serial Bus (USB)

6.6.8.1 Universal Serial Bus (USB)—USBAO

NOTE
For more information, see the Serial Communication Interface / High-Speed USB OTG
Controller section of the OMAP4430 TRM.

6.6.8.1.1 High-Speed USBAO (HSUSB)—USB HS OTG PHY

The USB HS OTG PHY module fits the High-speed Signaling Eye Patterns and Rise and Fall Time of the
USB specification Revision 2.0, provided the PCB guidelines are followed (for more information on the
PCB guidelines, see Section A, OMAP4430 Processor Multimedia Device PCB Guideline). For more
information on the High-speed Signaling Eye Patterns and Rise and Fall Time, see the Electrical /
Signaling / Data Signal Rise and Fall, Eye Patterns / High-speed Signaling Eye Patterns and Rise and Fall
Time section of the USB specification Revision 2.0:

* For USB HS transmit waveform requirements, see Figure 7-13 (Template 1).

+ For USB HS receiver sensitivity waveform requirements, see Figure 7-16 (Template 4).

6.6.8.1.2 High-Speed USBAO (HSUSB)—ULPI SDR—Slave Mode

Table 6-120 and Table 6-121 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-80).

Table 6-119. High-Speed USB USBAO Timing Conditions—ULPI SDR—Slave Mode—1.8 V®@)®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 1.00 3.00 ns
te Input signal fall time 1.00 3.00 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 60 Q

@) 10

settings configuration: DSO = 0

Corresponding voltage: 1.8 V

Fol

r more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity

Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To

have an idea of the output OMAP4 ball load supported for this application, you can consider the following:

Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-120. High-Speed USB USBAO Timing Requirements—ULPI SDR—Slave Mode—1.8 V*

NO. PARAMETER OPP100 UNIT
MIN MAX
us1 1/ oy Frequency, usba0_ulpiphy_clk 60 MHz
us2 t(clkH) Typical pulse duration, usbaO_ulpiphy_clk high 0.5*p®@ ns
us3 t(cikL) Typical pulse duration, usba0_ulpiphy_clk low 0.5*p®@ ns
tac(clk) Duty cycle error, usbaO_ulpiphy_clk -833 833 ps
ti(clk) Jitter standard deviation®, usba0_ulpiphy_clk 500 ps
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Table 6-120. High-Speed USB USBAO Timing Requirements—ULPI SDR—Slave Mode—1.8
V@ (continued)

NO. PARAMETER OPP100 UNIT
MIN MAX

uUs5s tsu(ctriv-clkH) Setup time, usba0_ulpiphy_dir and usbaO_ulpiphy_nxt valid before 6.73 ns
usba0_ulpiphy_clk rising edge

usé6 th(clkH-ctriv) Hold time, usba0_ulpiphy_dir and usba0_ulpiphy_nxt valid after 0.00 ns
usbaO_ulpiphy_clk rising edge

us7 tsu(dv-clkH) Setup time, input usbaO_ulpiphy_dat[7:0] valid before 6.73 ns
usba0_ulpiphy_clk rising edge

uss8 th(clkH-dv) Hold time, input usbaO_ulpiphy_dat[7:0] valid after usbaO_ulpiphy_clk 0.00 ns
rising edge

(1) Related to the input maximum frequency supported by the USB module.
(2) P =clk period in ns

(3) Maximum cycle jitter supported by clock input clock.

(4) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-121. High-Speed HSUSB USBAO Switching Characteristics—ULPI SDR—Slave Mode—1.8 V)

NO. PARAMETER OPP100 UNIT
MIN MAX
us4 ta(ckL-ctriv) Delay time, usba0_ulpiphy_clk rising edge high to output 0.40 8.34 ns
usba0_ulpiphy_stp valid
tr(ctri) Rise time, output usbaO_ulpiphy_stp 3.0 ps
tr(atrl) Fall time, output usbaO_ulpiphy_stp 3.0 ps
us9 ta(clkL-dov) Delay time, usba0_ulpiphy_clk rising edge to output 0.40 8.34 ns
usba0_ulpiphy_dat[7:0] valid
tR(do) Rise time, output usbaO_ulpiphy_dat[7:0] 3.0 ps
tr(do) Fall time, output usbaO_ulpiphy_dat[7:0] 3.0 ps

(1) See DM Operating Condition Addendum for CORE OPP voltages.

usba0_ulpiphy_clk / \ / \ / \
us4 us4
usbaO0_ulpiphy_stp / \
k—US5— +—US6
usbaO_ulpiphy_dir_& nxt /
us7 us9
j:l —US8 USs9
usba0_ulpiphy_dat[7:0] X DATA_IN X X DATA_OUT X

SWPS040-128

Figure 6-80. High-Speed USB USBAO—ULPI SDR—Slave Mode—1.8 V

6.6.8.2 Universal Serial Bus (USB)—USBC1

NOTE
For more information, see the Serial Communication Interface / Full-Speed USB Host
Controller section of the OMAP4430 TRM.
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6.6.8.2.1 Low-/ Full-Speed USBC1 (FSUSB)—Bidirectional Standard 4-pin Mode

Table 6-123 and Table 6-124 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-81).

Table 6-122. Low- / Full-Speed USBC1 Timing Conditions—Bidirectional Standard 4-pin Mode—1.8 V@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time ns
tr Input signal fall time ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

@

@
®

10 settings:

— usbcl_icusb_txen (ball D23): LBO =0
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal
Integrity Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

— usbcl_icusb_dp, usbcl_icusb_dm, usbcl_icusb_txen, usbcl_icusb_rcv (balls AE5, AF5, AF4, AE4): MB[1:0] = 10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0s with Combined Mode and Load Settings section
of the OMAP4430 TRM.

— Corresponding voltage: 1.8 V

In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-123. Low- / Full-Speed USBC1 Timing Req(tlj)i(gsments—Bidirectional Standard 4-pin Mode—1.8
V

NO.

PARAMETER

OPP100

OPP50

UNIT

MIN MAX

MIN

MAX

FSU10

td(DAT,SE0)

Time duration, usbcl_icusb_dp (TXDAT, ball AE5)
and usbcl_icusb_dm (TSEO, ball AF5) low together
during transition

14.0

14.0 ns

FSU11

td(DAT,SE0)

Time duration, usbcl_icusb_dp (TXDAT, ball AE5)
and usbcl_icusb_dm (TSEO, ball AF5) high together
during transition

8.0

8.0 ns

FSU12

ta(rcvuo)

Time duration, usbcl_icusb_rcv undefined during a
Single End 0 (usbcl_icusb_dp (TXDAT, ball AE5) and
usbcl_icusb_dm (TSEO, ball AF5) low together)

14.0

14.0 ns

FSU13

tarcvul)

Time duration, usbcl_icusb_rcv undefined during a
Single End 1 (usbcl_icusb_dp (TXDAT, ball AE5) and
usbcl_icusb_dm (TSEO, ball AF5) high together)

8.0

8.0 ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-124. Low- / Full-Speed USBC1 Switching Ch(all)r(%cteristics—Bidirectional Standard 4-pin Mode—1.8
Vv

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FSU14 t4(TXENL-DATV) Delay time usbcl_icusb_txen low to 81.8 84.8 81.8 84.8 ns
usbcl_icusb_dp (TXDAT, ball AE5) valid
FSU15 td(TXENL-SEOV) Delay time usbcl_icusb_txen low to 81.8 84.8 81.8 84.8 ns
usbcl_icusb_dm (TSEO, ball AF5) valid
FSU16 tsk(DAT-SEO) Skew between usbcl_icusb_dp (TXDAT, ball 15 15 ns
AES5) and usbcl_icusb_dm (TSEOQ, ball AF5)
transition
FSuU17 t4(DATV-TXENH) Delay time, usbcl_icusbh_dp (TXDAT, ball 81.8 81.8 ns
AES5) invalid before usbcl_icusb_txen high
FSU18 td(SEOV-TXENH) Delay time, usbcl_icusb_dm (TSEOQ, ball AF5) 81.8 81.8 ns
invalid before usbcl_icusb_txen high
(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).
usbc1_icusb_txen ™ Transmit  {{ 1\ Recelve
—Fsut4 B [ Fsurr —FSU10 (IFSU11
usbc1_icusb_dp (TXDAT) X XX XAQ:D\ X \ / [\
—'{FSU15 %FSU16 /—>FSU18 —+[FSU10 SFSUTM
usbc_icusb_dm (TSEO) X X ALY SR o\ Y | \ / T\
—*FSU12 *FSU13
usbc1_icusb_rcv X \\ \\ X ) XA

SWPS040-129

Figure 6-81. Low- / Full-Speed USBC1—Bidirectional Standard 4-pin Mode—1.8 V!

(1) To have usbcl_icusb_dm as TXDAT signal, use ball AF5.
To have usbcl_icusb_dp as TXSEO signal, use ball AE5.

6.6.8.2.2 Low-/ Full-Speed USBC1 (FSUSB)—Bidirectional Standard 4-pin TLL Mode

Table 6-126 and Table 6-127 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-82).
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Table 6-125. Low- / Full-Speed USBC1 Timing Corgg(izt)i(%ns—Bidirectional Standard 4-pin TLL Mode—1.8
V

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbcl_icusb_txen (ball D23): LBO =0
For more information, see the Control Module / Control Module Functional Description/ Functional Register Description / Signal
Integrity Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

— usbcl_icusb_dp, usbcl_icusb_dm, usbcl_icusb_txen, usbcl_icusb_rcv (balls AE5, AF5, AF4, AE4): MB[1:0] = 10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0s with Combined Mode and Load Settings section
of the OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-126. Low- / Full-Speed USBC1 Timing Requirements—Bidirectional Standard 4-pin TLL
Mode—1.8 V(U@

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSUT9 t4(DAT,SE0) Time duration, usbcl_icusb_dp (TXDAT, ball 14.0 14.0 ns
AES) and usbcl_icusb_dm (TSEO, ball AF5)
low together during transition

FSUT10 t4(DAT,SE0) Time duration, usbcl_icusb_dp (TXDAT, ball 8.0 8.0 ns
AES) and usbcl_icusb_dm (TSEO, ball AF5)
high together during transition

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-127. Low- / Full-Speed USBC1 Switching Characteristics—Bidirectional Standard 4-pin TLL
Mode—1.8 VI®@

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSUT11 t4(TXENL-DATV) Delay ti_me usbcl_icusb_txen active to _ 81.8 84.8 81.8 84.8 ns
usbcl_icusb_dp (TXDAT, ball AE5) valid

FSUT12 ta(TXENL-SEOV) Delay time usbcl_icusb_txen active to 81.8 84.8 81.8 84.8 ns
usbcl_icusb_dm (TSEO, ball AF5) valid

FSUT13 tsk(DAT-SEO) Skew between us_bcl_icusb_dp (TXDAT, ball 15 15 ns
AES5) and usbcl_icusb_dm (TSEO, ball AF5)
transition

FSUT14 | tskop,DM-RCV) Skew between usbcl_icusb_dp (TXDAT, ball 15 15 ns
AES5), usbcl_icusb_dm (TSEO, ball AF5) and
usbcl_icusb_rcv transition

FSUT15 t4(DATI-TXENL) Delay time usbcl_icusb_dm (TSEO, ball AF5) 81.8 81.8 ns
invalid to usbcl_icusb_txen Low
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Table 6-127. Low- / Full-Speed USBC1 Switching Characteristics—Bidirectional Standard 4-pin TLL
Mode—1.8 VY@ (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FSUT16 td(SEOI-TXENL) Delay time usbcl_icusb_dp (TXDAT, ball AE5) 81.8 81.8 ns
invalid to usbcl_icusb_txen Low
(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).
usbc1_icusb_txen | Transmit Receive
FSUT11 FSUT15 FSUT9 FSUT10
usbc1_icusb_dp (TXDAT, ball AE5) X XX \X X X \ / [\
FSUT12 FSUT13 FSUT16 FSUT9 FSUT10
usbc1_icusb_dm (TSEO, ball AF5) X )i § X'_\X_X X X \ / /\
FSUT14
usbc1_icusb_rcv ) XX X}tx X

SWPS040-130

Figure 6-82. Low- / Full-Speed USBC1—Bidirectional Standard 4-pin TLL Mode—1.8 V¥

(1) To have usbcl_icusb_dm as TXDAT signal, use ball AF5.
To have usbcl_icusb_dp as TXSEO signal, use ball AE5.

6.6.8.2.3 Low-/ Full-Speed USBC1 (FSUSB)—Bidirectional 2-pin Mode

Table 6-129 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-83).

Table 6-128. Low- / Full-Speed USBC1 Timing Conditions—Bidirectional 2-pin Mode—1.8 V, 3.3 VW@)®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:
— usbcl_icusb_dp, usbcl_icusb_dm (balls H2, H3): SPEECTRL =0
For more information see, USBC1_DRO_SPEEDCTRL register in Control Module / Control Module Functional Description/
Functional Register Description / Signal Integrity Parameter Control Registers with Pad Group Assignment / Device Interfaces
Signal Group Controls Mapping section of OMAP4430 TRM.
— Corresponding voltages: 1.8 V, 3.3V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-129. Low- / Full-Speed USBC1 Timing Requirements—Bidirectional 2-pin Mode—1.8 V, 3.3 V@

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU1 td(DAT,SE0) Time duration, usbcl_icusb_dp (TXDAT, ball 14.0 14.0 ns
H2) and usbcl_icusb_dm (TSEO, ball H3) low
together during transition

FSuU2 t4(DAT,SE0) Time duration, usbcl_icusb_dp (TXDAT, ball 8.0 8.0 ns
H2) and usbcl_icusb_dm (TSEO, ball H3) high
together during transition

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

FSU1 FSU2
usbc1_icusb_dp (Ball H2) X \\ ) { \/ [\

FSU1 FSU2
usbc1_icusb_dm (Ball H3) ) \\ X \ / [\

SWPS040-131

Figure 6-83. Low- / Full-Speed USBC1—Bidirectional 2-pin Mode—1.8 V, 3.3 V¥

(1) To use usbcl_icusb_dm as TXDAT signal, use ball H3.
To use usbcl_icusb_dp as TXSEO signal, use ball H2.

6.6.8.3 Universal Serial Bus (USB)—USBB1

NOTE
For more information, see the Serial Communication Interface / High-Speed Multiport USB
Host Subsystem section of the OMAP4430 TRM.

6.6.8.3.1 Low-/ Full-Speed USBB1 (FSUSB)—Bidirectional Standard 4-pin Mode

Table 6-131 and Table 6-132 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-84).

Table 6-130. Low- / Full-Speed USBB1 Timing Conditions—Bidirectional Standard 4-pin Mode—1.8 VY)®)E)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbbl_mm_txen (ball AF18): MB[1:0] = 10, LBO =1

— usbbl_mm_txdat (ball AG18): MB[1:0] =10, LBO =1

— usbbl_mm_txseO (ball AE17): MB[1:0] =10, LBO =1

— usbbl_mm_rxrcv (ball AF17): MB[1:0] =10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed 1/0Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.
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(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-131. Low- / Full-Speed USBB1 Timing Req(llJ)i(g)ements—Bidirectional Standard 4-pin Mode—1.8
\Y

MIN MAX MIN MAX

NO. PARAMETER OPP100 OPP50 UNIT

FSU10 t4(DAT,SE0) Time duration, usbbl_mm_txdat and 14.0 14.0
usbbl_mm_txse0 low together during
transition

ns

FSU11 t4(DAT,SE0) Time duration, usbbl_mm_txdat and 8.0 8.0
usbbl_mm_txse0 high together during
transition

ns

FSU12 tarevuo) Time duration, usbbl_mm_rxrcv undefined 14.0 14.0
during a Single End 0 (usbbl_mm_txdat and
usbbl_mm_txse0 low together)

ns

FSU13 tarevu) Time duration, usbbl_mm_rxrcv undefined 8.0 8.0
during a Single End 1 (usbbl_mm_txdat and
usbbl_mm_txse0 high together)

ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-132. Low- / Full-Speed USBB1 Switching Ch(all)r(%cteristics—Bidirectional Standard 4-pin Mode—1.8
Vv

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU14 td(TXENL-DATV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txdat valid

FSU15 td(TXENL-SEOV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txseO valid

FSU16 tsk(DAT-SEO) Skew between usbbl_mm_txdat and 1.5 15 ns
usbbl_mm_txse0 transition

FSU17 td(DATV-TXENH) Delay time, usbbl_mm_txdat invalid before 81.8 81.8 ns
usbbl_mm_txen high

FSuU18 td(SEOV-TXENH) Delay time, usbbl_mm_txseO0 invalid before 81.8 81.8 ns
usbbl_mm_txen high

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb1_mm_txen ™ Transmit  \| “‘ Receive
—FsU14 —FsU17 ~HFSU10__ »{FSU11
usbb1_mm_txdat X XX X-_\XX )\ \ / /'\
—>{FSU15 L{FSU16 [ r|Fsu1e —HFSU10 {FSU11
usbb1_mm_txse0 ) XX X}Q D\ X \ / [\
, , ~+FSU12  /FSU13
usbb1_mm_rxrcv X \Y WX X

SWPS040-132

Figure 6-84. Low- / Full-Speed USBB1—Bidirectional Standard 4-pin Mode—1.8 V
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6.6.8.3.2 Low-/ Full-Speed USBB1 (FSUSB)—Bidirectional Standard 4-pin TLL Mode

Table 6-134 and Table 6-135 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-85).

Table 6-133. Low- / Full-Speed USBB1 Timing Conditions—Bidirectional TLL 4-pin Mode—1.8 V@)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbbl_mm_txen (ball AF18): MB[1:0] = 10, LBO =1

— usbbl_mm_txdat (ball AG18): MB[1:0] = 10, LBO = 1

— usbbl_mm_txse0 (ball AE17): MB[1:0] =10, LBO =1

— usbbl_mm_rxrcv (ball AF17): MB[1:0] =10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed 1/0Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-134. Low- / Full-Speed USBB1 Timing Requirements—Bidirectional TLL 4-pin Mode—1.8 V@

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU9 t4(DAT,SEO0) Time duration, usbbl_mm_txdat and 14.0 14.0 ns
usbbl_mm_txse0 low together during
transition

FSU10 ty(DAT,SEO0) Time duration, usbbl_mm_txdat and 8.0 8.0 ns
usbbl_mm_txse0 high together during
transition

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-135. Low- / Full-Speed USBB1 Switching (Cf)f(]zz)iracteristics—Bidirectional TLL 4-pin Mode—1.8
Vv

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU11 td(TXENL-DATV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txdat valid

FSuU12 td(TXENL-SEOV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txse0 valid

FSU13 tsk(DAT-SEO) Skew between usbbl_mm_txdat and 15 15 ns
usbbl_mm_txse0 transition

FSU14 tsk(DAT-SEO) Skew between usbbl _mm_txdat, usbbl_txse0 1.5 15 ns

and usbbl_mm_rxrcv transition

326 Timing Requirements and Switching Characteristics Copyright © 2010-2012, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Link(s): OMAP4430


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

Public Version

13 TEXAS
INSTRUMENTS OMAP4430
www.ti.com SWPS041D -DECEMBER 2010-REVISED JANUARY 2012

Table 6-135. Low- / Full-Speed USBB1 Switching Characteristics—Bidirectional TLL 4-pin Mode—1.8

V@ (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FSU15 td(DATV-TXENH) Delay time, usbbl_mm_txdat invalid before 81.8 81.8 ns
usbbl_mm_txen high
FSU16 td(SEOV-TXENH) Delay time, usbbl_mm_txse0 invalid before 81.8 81.8 ns
usbbl_mm_txen high

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb1_mm_txen_{ Transmit Receive
FSU11 FSU15 FSU9 FSU10
usbb1_mm_txdat X X x'_\D( X X \ / /\
FSU12 FSU13 FSU16 FSU9 FSU10
usbb1_mm_txse0 X XX X}Q X X \ / [\
FSU14
usbb1_mm_rxrcv X )i X'_\D( X

SWPS040-133

Figure 6-85. Low- / Full-Speed USBB1—Bidirectional TLL 4-pin Mode—1.8 V

6.6.8.3.3 Low-/ Full-Speed USBB1 (FSUSB)—Bidirectional Standard 3-pin Mode

Table 6-137 and Table 6-138 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-86).

Table 6-136. Low- / Full-Speed USBB1 Timing Conditions—Bidirectional Standard 3-pin Mode—1.8 VM@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

@
®)

usbbl_mm_txen (ball AF18): MB[1:0] = 10, LBO =1

usbbl_mm_txdat (ball AG18): MB[1:0] = 10, LBO = 1

usbbl_mm_txse0 (ball AE17): MB[1:0] = 10, LBO =1

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed 1/0Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.

Corresponding voltage: 1.8 V

In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-137. Low- / Full-Speed USBB1 Timing Req(tlj)i(gsments—Bidirectional Standard 3-pin Mode—1.8
V

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU19 t4(AT,SE0) Time duration, usbbl_mm_txdat and 14.0 14.0 ns
usbbl_mm_txse0 low together during
transition

FSU20 t4(oAT,SE0) Time duration, usbbl_mm_txdat and 8.0 8.0 ns
usbbl_mm_txse0 high together during
transition

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-138. Low- / Full-Speed USBB1 Switching Chg)r(%cteristics—Bidirectional Standard 3-pin Mode—1.8
Y,

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FSuU21 t4(TXENL-DATV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txdat valid
FSuU22 td(TXENL-SEOV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txse0 valid
FSuU23 tsk(DAT-SEO) Skew between usbbl_mm_txdat and 15 15 ns

usbbl_mm_txse0 transition

FSU24 t4(DATV-TXENH) Delay time, usbbl__mm_txdat invalid before 81.8 81.8 ns
usbbl_mm_txen high

FSU25 td(SEOV-TXENH) Delay time, usbbl_mm_txse0 invalid before 81.8 81.8 ns

usbbl_mm_txen high
(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb1_mm_txen ™ Transmit |\ \\, Receive
ﬂFSU% —*|FSu24 FSU19 FSU20
usbb1_mm_txdat X XX X'_\XX D\ ) { \’_7 /M\
4’{FSU22 L{FSU23 ’—' FSU25 —+FSU19 HFSU20
usbb1_mm_txse0 X XX ﬂ{x D\ ) { \ / /\

SWPS040-134

Figure 6-86. Low- / Full-Speed USBB1—Bidirectional Standard 3-pin Mode—1.8 V

6.6.8.3.4 Low-/ Full-Speed USBB1 (FSUSB)—Bidirectional Standard 3-pin TLL Mode

Table 6-140 and Table 6-141 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-87).

Table 6-139. Low- / Full-Speed USBB1 Timing Conditions—Bidirectional TLL 3-pin Mode—1.8 VY@®

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX

Input Conditions

tr Input signal rise time 2 ns

te Input signal fall time 2 ns

PCB Conditions

Number of external peripherals 1
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Table 6-139. Low- / Full-Speed USBB1 Timing Conditions—Bidirectional TLL 3-pin Mode—1.8
VOO (continued)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:
usbbl_mm_txen (ball AF18): MB[1:0] = 10, LBO =1
usbbl_mm_txdat (ball AG18): MB[1:0] = 10, LBO =1
usbbl_mm_txse0 (ball AE17): MB[1:0] =10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed 1/Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.
Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS

power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-140. Low- / Full-Speed USBB1 Timing Requirements—Bidirectional TLL 3-pin Mode—1.8 V@

NO.

PARAMETER

OPP100

OPP50

UNIT

MIN

MAX

MIN

MAX

FSU17

td(DAT,SE0)

Time duration, usbbl_mm_txdat and
usbbl_mm_txse0 low together during
transition

14.0

14.0

ns

FSU18

td(DAT,SE0)

Time duration, usbbl_mm_txdat and
usbbl_mm_txse0 high together during
transition

8.0

8.0

ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-141. Low- / Full-Speed USBB1 Switching g)?z?racteristics—Bidirectional TLL 3-pin Mode—1.8
Vv

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU19 t4(TXENL-DATV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txdat valid

FSU20 t4(TXENL-SEOV) Delay time usbbl_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbbl_mm_txse0 valid

FSuU21 tsk(DAT-SEO) Skew between usbbl_mm_txdat and 15 15 ns
usbbl_mm_txse0 transition

FSuU22 t4(DATV-TXENH) Delay time, usbbl_mm_txdat invalid before 81.8 81.8 ns
usbbl_mm_txen high

FSuU23 td(SEOV-TXENH) Delay time, usbbl_mm_txse0 invalid before 81.8 81.8 ns
usbbl_mm_txen high

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).
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usbb1_mm_txen | Transmit Receive
ﬂ FSU19 | Fsu22 —HFSUI7  p{ FSU18
usbb1_mm_txdat X XX x-_\W X ) \ / /\
—»{ FSU20 L{ FSuU21 W FsSuU23 r»\ FSU17 ﬂ FSU18
usbb1_mm_txse0 X XX X}U X X \ / /\

SWPS040-135

Figure 6-87. Low- / Full-Speed USBB1—Bidirectional TLL 3-pin Mode—1.8 V

6.6.8.3.5 High-Speed USBB1 (HSUSB)—ULPI SDR Mode—Slave Mode

Table 6-143 and Table 6-144 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-88).

Table 6-142. High-Speed USBB1 Timing Conditions—ULPI SDR Mode—1.8 VW@®

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 1.00 3.00 ns
tr Input signal fall time 1.00 3.00 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

usbbl_ulpiphy_clk (ball AE18): DS0 =0

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

usbbl_ulpiphy_stp (ball AG19): MB[1:0] =11 and LBO =1

usbbl_ulpiphy_dir (ball AF19): MB[1:0] = 11 and LBO =1

usbbl_ulpiphy_nxt (ball AE19): MB[1:0] =11 and LBO =1

usbbl_ulpiphy_dat[7:0] (balls AG16 / AF16 / AE16 / AH17 /| AF17 /| AE17 /| AG18 / AF18): MB[1:0] =11 and LBO =1

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed 1/0Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.

Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To

have an idea of the output OMAP4 ball load supported for this application, you can consider the following:

Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-143. High-Speed USBB1 Timing Requirements—ULPI SDR Mode—Slave Mode—1.8 V®*

NO. PARAMETER OPP100 UNIT
MIN MAX

Us1 1/ ey Frequency®, usbb1_ulpiphy_clk 60 MHz
us2 tw(clkH) Typical pulse duration, usbbl_ulpiphy_clk high 0.5+p®@ ns
us3 tw(clkL) Typical pulse duration, usbbl_ulpiphy_clk low 0.5+p®@ ns
tac(clk) Duty cycle error, usbbl1_ulpiphy_clk -833 833 ps
i(clky Jitter standard deviation®, usbb1_ulpiphy_clk 500 ps
Uss tsu(ctriv-clkH) Setup time, usbbl_ulpiphy_dir and usbbl_ulpiphy_nxt valid before 6.73 ns

usbbl_ulpiphy_clk rising edge
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Table 6-143. High-Speed USBB1 Timing Requirements—ULPI SDR Mode—Slave Mode—1.8

V@ (continued)

NO. PARAMETER OPP100 UNIT
MIN MAX

use th(clkH-ctrlv) Hold time, usbb1_ulpiphy_dir and usbbl_ulpiphy_nxt valid after 0.00 ns
usbbl_ulpiphy_clk rising edge

us7 tsu(dv-clkH) Setup time, input usbbl_ulpiphy_dat[7:0] valid before 6.73 ns
usbbl_ulpiphy_clk rising edge

uss th(clkH-dv) Hold time, input usbbl_ulpiphy_dat[7:0] valid after usbbl_ulpiphy_clk 0.00 ns
rising edge

(1) Related to the input maximum frequency supported by the USB module.

(2) P =clk period in ns
(3) Maximum cycle jitter supported by clk input clock.
(4) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-144. High-Speed USBB1 Switching Characteristics—ULPI SDR Mode—Slave Mode—1.8 V(!

NO. PARAMETER OPP100 UNIT
MIN MAX
Ball: AE18 (usbbl_ulpiphy_clk)
us4 ta(elkL-ctriv) Delay time, usbbl_ulpiphy_clk rising edge high to output 0.40 8.34 ns
usbbl_ulpiphy_stp valid
us9 ta(cikL-dov) Delay time, usbbl_ulpiphy_clk rising edge to output 0.40 8.34 ns
usbbl_ulpiphy_dat[7:0] valid
Balls: AG19/ AF19/ AE19/ AF18 / AG18/ AE17 /| AF17 / AH17 / AE16 / AF16 / AG16
(usbbl_ulpiphy_stp, usbbl_ulpiphy_dir, usbbl_ulpiphy_nxt, usbbl_ulpiphy_dat[7:0])
us4 ta(ckL-ctriv) Delay time, usbbl_ulpiphy_clk rising edge high to output 0.22 8.60 ns
usbbl_ulpiphy_stp valid
tr(ctri) Rise time, output usbbl_ulpiphy_stp 3.0 ps
tr(atrl) Fall time, output usbbl_ulpiphy_stp 3.0 ps
us9 ta(clkL-dov) Delay time, usbbl_ulpiphy_clk rising edge to output 0.22 8.60 ns
usbbl_ulpiphy_dat[7:0] valid
tR(do) Rise time, output usbbl_ulpiphy_dat[7:0] 3.0 ps
tr(do) Fall time, output usbbl_ulpiphy_dat[7:0] 3.0 ps

(1) See DM Operating Condition Addendum for CORE OPP voltages.

L Us4—
usbb1_ulpiphy_stp

usbb1_ulpiphy_dir

[e———US1——
[+—US2—}+—US3—|
usbb1_ulpiphy_clk / \ / \ / \

—

Sus4

-\

k—US5—
/

“—US6

usbb1_ulpiphy_nxt

’-—us7j

—— USs9
le—US8

L\ us9

usbb1_ulpiphy_dat[7:0]

X Data_IN X

X Data_OUT X

Figure 6-88. High-Speed USBB1—ULPI SDR Mode—Slave Mode—1.8 V

6.6.8.3.6 High-Speed USBB1 (HSUSB)—ULPI TLL Mode—Master Mode

SWPS040-136

Table 6-146 and Table 6-147 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-89).
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Table 6-145. High-Speed USBB1 Timing Conditions—ULPI TLL Mode—Master Mode—1.8 V®)®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 1.00 3.00 ns
tr Input signal fall time 1.00 3.00 ns

PCB Conditions

Number of external peripherals

Far end load 5 pE
Trace length 5 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

usbbl_ulpitll_clk (ball AE18): DSO = 0

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / /0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

usbbl_ulpitll_stp (ball AG19): MB[1:0] =11 and LBO =1

usbbl_ulpitll_dir (ball AF19): MB[1:0] = 11 and LBO = 1

usbbl_ulpitll_nxt (ball AE19): MB[1:0] = 11 and LBO = 1

usbbl_ulpitll_dat[7:0] (balls AG16 / AF16 / AE16 / AH17 /| AF17 /| AE17 | AG18 / AF18): MB[1:0] =11 and LBO =1

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / Low Speed 1/0Os Combined Slew Rate vs TL Length and Load Settings
section of the OMAP4430 TRM.

Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To

have an idea of the output OMAP4 ball load supported for this application, you can consider the following:

Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-146. High-Speed USBB1 Timing Requirements—ULPI TLL Mode—Master Mode—1.8 V()

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

For ball: AE18 (usbb1_ulpitll_clk)

uT4 tsu(ctriv-clkH) Setup time, usbbl_ulpitll_stp valid before 5.78 5.78 ns
usbbl_ulpitll_clk rising edge

UT5 th(clkH-ctriv) Hold time, usbbl_ulpitll_stp valid after 0.09 0.09 ns
usbbl_ulpitll_clk rising edge

UT6 tsu(dv-clkH) Setup time, usbbl_ulpitll_dat[7:0] valid before 5.78 5.78 ns
usbbl_ulpitll_clk rising edge

uT?7 th(clkH-dv) Hold time, usbbl_ulpitll_dat[7:0] valid after 0.09 0.09 ns

usbbl_ulpitll_clk rising edge

For balls: AG19/AF19/AE19/AF18/AG18/ AEL17 /| AF17 /| AH17 /| AE16 / AF16 / AG16
(usbbl_ulpitll_stp, usbbl_ulpitll_dir, usbbl_ulpitll_nxt, usbbl_ulpitll_dat[7:0])

uT4 tsu(etriv-clkH) Setup time, usbbl_ulpitll_stp valid before 5.86 5.86 ns
usbbl_ulpitll_clk rising edge

UT5 th(clkH-ctriv) Hold time, usbbl_ulpitll_stp valid after 0.13 0.13 ns
usbbl_ulpitll_clk rising edge

UTé tsu(av-clkH) Setup time, usbbl_ulpitll_dat[7:0] valid before 5.86 5.86 ns
usbbl_ulpitll_clk rising edge

uT?7 th(clkH-dv) Hold time, usbbl_ulpitll_dat[7:0] valid after 0.13 0.13 ns
usbbl_ulpitll_clk rising edge
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(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-147. High-Speed USBB1 Switching Characteristics—ULPI TLL Mode—Master Mode—1.8 V)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
uT1 1/ te(eiky Frequency™®, output usbbl_ulpitll_clk 60 60 MHz
uT2 tw(clkH) :]'_yr;]ical pulse duration, output usbbl_ulpitll_clk 0.5*P@ 0.5*P@ ns
19
uT3 tw(clkL) ;I'ypical pulse duration, output usbbl_ulpitll_clk 0.5+p®@ 0.5+p®@ ns
ow
tac(clk) Duty cycle error, output usbbl_ulpitll_clk -833 833 -833 833 ps
ticclk) Jitter standard deviation®), output 400 400 ps
usbbl_ulpitll_clk
tr(clk) Rising time, output usbbl_ulpitll_clk 3.0 3.0 ps
trcik) Falling time, output usbbl_ulpitll_clk 3.0 3.0 ps
uT8 ta(clkL-ctriv) Delay time, output usbbl_ulpitll_clk rising 0.04 8.96 0.04 8.96 ns

edge to output usbbl_ulpitll_dir and
usbbl_ulpitll_nxt

trectr) Rising time, output usbbl_ulpitll_dir and 3.0 3.0 ps
usbbl_ulpitll_nxt
tr(atrl) Falling time, output usbbl_ulpitll_dir and 3.0 3.0 ps
usbbl_ulpitll_nxt
uT9 ta(clkL-dov) Delay time, output usbbl_ulpitll_clk rising 0.04 8.96 0.04 8.96 ns
edge to output usbbl_ulpitll_dat[7:0] valid
tR(do) Rising time, output usbbl_ulpitll_dat[7:0] 3.0 3.0 ps
tr(do) Falling time, output usbbl_ulpitll_dat[7:0] 3.0 3.0 ps

(1) Related to the input maximum frequency supported by the USB module.
(2) P = output clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.

e UT1———

UT2——UT3
usbb1_ulpiphy_clk / \ / \ / \
— [« UT5

[«—UT4—>

usbb1_ulpiphy_stp
<7UT8—>| — +—UT8

usbb1_ulpiphy_dir /
usbb1_ulpiphy_nxt UTé UTo

"_ jl f—UT7 uT9

usbb1_ulpiphy_dat[7:0] X Data_IN X X Data_OUT X

SWPS040-137

Figure 6-89. High-Speed USBB1—ULPI TLL Mode—Master Mode—1.8 V

6.6.8.3.7 High-Speed USBB1 (HSUSB)—High-Speed InterChip Interface 1 (HSIC1)

High-Speed InterChip (HSIC) is an alternative to the standard USB physical layer targeted at fixed,
inter-chip communications. This implies short distances between devices, and allows for simpler, smaller,
more power-efficient PHYs over a single-ended, 2-wire interface running at a fixed HS speed. HSIC must
be identical to standard USB from a high-level application standpoint.
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6.6.8.3.7.1 High-Speed USBB1—HSIC DDR Receive And Transmit Modes—1.2 V

Table 6-149 and Table 6-150 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-90).

Table 6-148. High-Speed USBB1—HSIC DDR Timing Conditions—1.2 V(D@)®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 0.29 0.58 ns
tr Input signal fall time 0.29 0.58 ns
PCB Conditions
Number of external peripherals
Far end load pF
Trace length cm
Characteristics impedance 45 55 Q

(1) 10 settings:
usbbl_hsic_data, usbbl_hsic_strobe (Balls AF14 / AE14): sr[2:0] = 010 and i[2:0] = 110
For more information, see Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / High-speed 1/O Buffers with Impedance, Slew Rate and Weak Driver
Settings section of OMAP4430 TRM.
Corresponding voltage: 1.2 V

(2) In this table the rise and fall times are calculated for 30% to 70% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-149. High-Speed USBB1 Timing Requirements—HSIC DDR Receive Mode—1.2 V®

NO. PARAMETER OPP100 UNIT
MIN MAX
HSIC1 1/ oy Frequency™®, usbb1_hsic_strobe period 240 MHz
HSIC2 ty(clkH) Typical pulse duration, usbbl_hsic_strobe high 0.5*p®@ ns
HSIC3 t(clkL) Typical pulse duration, usbbl_hsic_strobe low 0.5*p®@ ns
HSIC5 tsu(strobe-datav) Setup time, usbbl_hsic_data valid before usbbl_hsic_strobe low/high 0.271 ns
HSIC6 th(strobe-datav) Hold time, usbbl_hsic_data valid after usbbl1_hsic_strobe low/high 0.271 ns

(1) Related to the maximum USB HSIC frequency.

(2) P =input clock period in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-150. High-Speed USBB1 Switching Characteristics—HSIC DDR Transmit Mode—1.2 V©

NO. PARAMETER OPP100 UNIT
MIN MAX

HSIC1 1/ ooy Frequency®, usbb1_hsic_strobe period 240 MHz
HSIC2 tyy(clkH) Typical pulse duration, usbb1_hsic_strobe high 0.5*P@ ns
HSIC3 t(clkL) Typical pulse duration, usbbl_hsic_strobe low 0.5*p®@ ns
tac(clk) Duty cycle error, usbbl_hsic_strobe -83 83 ps
tR(clk) Rise time, usbbl_hsic_strobe 0.39 0.56 ns
trcik) Fall time, usbbl_hsic_strobe 0.39 0.56 ns
HSIC4 ta(clk-datav) Delay time, usbbl_hsic_strobe low/high to usbbl_hsic_data valid -0.325 0.325 ns
tR(do) Rise time, output data usbbl_hsic_data 0.39 0.56 ns
tr(do) Falli ime, output data usbbl_hsic_data 0.39 0.56 ns
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(1) Related to the maximum USB HSIC frequency.
(2) P = output clock period in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.

4SB2P«SB3»
-te
SLIMBUS_CLK \ / / / \ / v/ /
»| 4 SB4 o|» SB5
SLIMBUS_DATA X X X X X

SWPS040-149

Figure 6-90. High-Speed USBB1—HSIC DDR Receive And Transmit Modes—1.2 V

6.6.8.4 Universal Serial Bus (USB)—USBB2

NOTE
For more information, see the Serial Communication Interface / High-Speed Multiport USB
Host Subsystem section of the OMAP4430 TRM.

6.6.8.4.1 Low-/ Full-Speed USBB2 (FSUSB)—Bidirectional Standard 4-pin Mode

Table 6-152 and Table 6-153 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-91).

Table 6-151. Low- / Full-Speed USBB2 Timing Conditions—Bidirectional Standard 4-pin Mode—1.8 VM@®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbb2_mm_txen (ball AC28): MB[1:0] = 10, LBO =1

— usbb2_mm_txdat (ball AF24): MB[1:0] = 10, LBO =1

— usbb2_mm_txse0 (ball AE24): MB[1:0] =10, LBO =1

— usbb2_mm_rxrcv (ball AD25): MB[1:0] = 10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0s with Combined Mode and Load Settings section
of the OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-152. Low- / Full-Speed USBB2 Timing Req(tlj)i(gsments—Bidirectional Standard 4-pin Mode—1.8
V

NO.

PARAMETER

OPP100

OPP50

MIN MAX

MIN

MAX

UNIT

FSU10

td(DAT,SE0)

Time duration, usbb2_mm_txdat and
usbb2_mm_txse0 low together during
transition

14.0

14.0

ns

FSU11

td(DAT,SE0)

Time duration, usbb2_mm_txdat and
usbb2_mm_txse0 high together during
transition

8.0

8.0

ns

FSU12

ta(rcvuo)

Time duration, usbb2_mm_rxrcv undefined
during a Single End 0 (usbb2_mm_txdat and
usbb2_mm_txse0 low together)

14.0

14.0

ns

FSU13

tarevul)

Time duration, usbb2_mm_rxrcv undefined
during a Single End 1 (usbb2_mm_txdat and
usbb2_mm_txse0 high together)

8.0

8.0

ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.

(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-153. Low- / Full-Speed USBB2 Switching Ch(all)r(%cteristics—Bidirectional Standard 4-pin Mode—1.8
Vv

OPP100 OPP50
NO. PARAMETER UNIT
MIN MAX MIN MAX

Delay time usbb2_mm_txen low to

FSU14 td(TXENL-DATV) usbbé_mm_txdat_valld_ 81.8 84.8 81.8 84.8 ns
Delay time usbb2_mm_txen low to

FSU15 td(TXENL-SEOV) usbe_mm_txseO valid 81.8 84.8 81.8 84.8 ns
Skew between usbb2_mm_txdat and

FSUL6 | tskpat-seo) usbb2_mm_txse0 transition 15 15 ns
Delay time, usbb2_mm_txdat invalid before

FSU17 td(DATV-TXENH) usbe_mm_txen hlgh 81.8 81.8 ns
Delay time, usbb2_mm_txse0 invalid before

FSU18 td(SEOV-TXENH) usbb2_mm_txen high 81.8 81.8 ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.

(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb2_mm_txen ™ Transmit || \\, Receive
—IFsut4 [ Fsut? —{FSU10___ FSU11
usbb2_mm_txdat X XX X-_\XX D\ X \ [/ /\
4’{FSU15 L{FSU']G ) /—'FSU18 —+FSU10 SFSU11
usbb2_mm_txse0 ) XX XA{X D\ X \/ /\
FSU12 FSU13
usbb2_mm_rxrcv X \\ A} X H 0

SWPS040-138

Figure 6-91. Low- / Full-Speed USBB2—Bidirectional Standard 4-pin Mode—1.8 V

6.6.8.4.2 Low-/ Full-Speed USBB2 (FSUSB)—Bidirectional Standard 4-pin TLL Mode

Table 6-155 and Table 6-156 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-92).
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Table 6-154. Low- / Full-Speed USBB2 Timing Conditions—Bidirectional TLL 4-pin Mode—1.8 V@G

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time ns
tr Input signal fall time ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:
usbb2_mm_txen (ball AC28): MB[1:0] = 10, LBO =1
usbb2_mm_txdat (ball AF24): MB[1:0] = 10, LBO =1
usbb2_mm_txse0 (ball AE24): MB[1:0] = 10, LBO =1
usbb2_mm_rxrcv (ball AD25): MB[1:0] =10, LBO =1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0Os with Combined Mode and Load Settings section
of the OMAP4430 TRM.

Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS

power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAPA4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-155. Low- / Full-Speed USBB2 Timing Requirements—Bidirectional TLL 4-pin Mode—1.8 V()@

NO.

PARAMETER

OPP100

OPP50

UNIT

MIN

MAX

MIN

MAX

FSU9

td(DAT,SE0)

Time duration, usbb2_mm_txdat and
usbb2_mm_txse0 low together during
transition

14.0

14.0

ns

FSU10

td(DAT,SE0)

Time duration, usbb2_mm_txdat and
usbb2_mm_txse0 high together during
transition

8.0

8.0

ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-156. Low- / Full-Speed USBB2 Switching g)?z?racteristics—Bidirectional TLL 4-pin Mode—1.8
Y

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSuU11 t4(TXENL-DATV) Delay time usbb2_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbb2_mm_txdat valid

FSU12 td(TXENL-SEOV) Delay time usbb2_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbb2_mm_txse0 valid

FSU13 tsk(DAT-SEO) Skew between usbb2_mm_txdat and 15 15 ns
usbb2_mm_txse0 transition

FSU14 tsk(DAT-SEO) Skew between usbb2_mm_txdat, 15 15 ns
usbb2_mm_txse0 and usbb2_mm_rxrcv
transition

FSU15 t4(DATV-TXENH) Delay time, usbb2_mm_txdat invalid before 81.8 81.8 ns
usbb2_mm_txen high

FSU16 td(SEOV-TXENH) Delay time, usbb2_mm_txse0 invalid before 81.8 81.8 ns
usbb2_mm_txen high
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(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb2_mm_txen | Transmit '\\ Receive
1 FsuTt | FSU15 I FSUS | FSU10
usbb2_mm_txdat ) XX X}tx ) X \/ [\
4’{ FSU12 L{ FSU13 F FSU16 rb\ FSU9 ’—" FSU10
usbb2_mm_txse0 X XX X-_\XX X X \ [/ /\
ﬂ FSU14
usbb2_mm_rxrcv X XX X}Q )

SWPS040-139

Figure 6-92. Low- / Full-Speed USBB2—Bidirectional TLL 4-pin Mode—1.8 V

6.6.8.4.3 Low-/ Full-Speed USBB2 (FSUSB)—Bidirectional Standard 3-pin Mode

Table 6-158 and Table 6-159 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-93).

Table 6-157. Low- / Full-Speed USBB2 Timing Conditions—Bidirectional Standard 3-pin Mode—1.8 VY)®)E)

TIMING CONDITION PARAMETER VALUE UNIT
MN | MAX
Input Conditions
tr Input signal rise time 2 ns
te Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbb2_mm_txen (ball AE11): DSO = 0

— usbb2_mm_txdat (ball AF11): DSO =0

— usbb2_mm_txse0 (ball AG11): DS0 =0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-158. Low- / Full-Speed USBB2 Timing Req(llj)i(g)ements—Bidirectional Standard 3-pin Mode—1.8
Vv

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU19 ta(DAT,SEO) Time duration, usbb2_mm_txdat and 14.0 14.0 ns
usbb2_mm_txse0 low together during
transition

FSU20 ta(DAT,SEO) Time duration, usbb2_mm_txdat and 8.0 8.0 ns
usbb2_mm_txse0 high together during
transition
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(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-159. Low- / Full-Speed USBB2 Switching Ch(all)r(%cteristics—Bidirectional Standard 3-pin Mode—1.8
Vv

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSu21 td(TXENL-DATV) Delay time usbb2_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbb2_mm_txdat valid

FSuU22 td(TXENL-SEOV) Delay time usbb2_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbb2_mm_txse0 valid

FSuU23 tsk(DAT-SEO) Skew between usbb2_mm_txdat and 1.5 15 ns
usbb2_mm_txse0 transition

FSU24 td(DATV-TXENH) Delay time, usbb2_mm_txdat invalid before 81.8 81.8 ns
usbb2_mm_txen high

FSU25 td(SEOV-TXENH) Delay time, usbb2_mm_txse0 invalid before 81.8 81.8 ns
usbb2_mm_txen high

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb2_mm_txen )

6.6.8.4.4 Low-/ Full-Speed USBB2 (FSUSB)—Bidirectional Standard 3-pin TLL Mode

usbb2_mm_txdat

usbb2_mm_txse0

Transmit  \| “‘ Receive
FSU21 FSU24 FSU19 FSU20
X X A\V — v S A
Fsuzz  yFsuzs FSU25 FSU19 FSU20
X X ALY S— ) b /A

SWPS040-140

Figure 6-93. Low- / Full-Speed USBB2—Bidirectional Standard 3-pin Mode—1.8 V

Table 6-161 and Table 6-162 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-94).

Table 6-160. Low- / Full-Speed USBB2 Timing Conditions—Bidirectional TLL 3-pin Mode—1.8 VY@)®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time ns
tr Input signal fall time ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

usbb2_mm_txen (ball AE11): DS0 =0
usbb2_mm_txdat (ball AF11): DSO =0
usbb2_mm_txse0 (ball AG11): DSO =0

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/0 cells with Configurable Output Driver Impedance section of the

OMAP4430 TRM.
Corresponding voltage: 1.8 V
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(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-161. Low- / Full-Speed USBB2 Timing Requirements—Bidirectional TLL 3-pin Mode—1.8 V(Y@

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSU17 t4(DAT,SE0) Time duration, usbb2_mm_txdat and 14.0 14.0 ns
usbb2_mm_txse0 low together during
transition

FSU18 t4(DAT,SE0) Time duration, usbb2_mm_txdat and 8.0 8.0 ns
usbb2_mm_txse0 high together during
transition

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

Table 6-162. Low- / Full-Speed USBB2 Switching g)r(lz?racteristics—Bidirectional TLL 3-pin Mode—1.8
Y

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
FSU19 td(TXENL-DATV) Delay time usbb2_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbb2_mm_txdat valid
FSU20 td(TXENL-SEOV) Delay time usbb2_mm_txen low to 81.8 84.8 81.8 84.8 ns
usbb2_mm_txse0 valid
FSu21 tsk(DAT-SEO) Skew between usbb2_mm_txdat and 1.5 15 ns

usbb2_mm_txse0 transition

FSU22 td(DATV-TXENH) Delay time, usbb2__mm_txdat invalid before 81.8 81.8 ns
usbb2_mm_txen high

FSuU23 td(SEOV-TXENH) Delay time, usbb2_mm_txse0 invalid before 81.8 81.8 ns
usbb2_mm_txen high

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

usbb2_mm_txen | Transmit Receive

ﬂ FSU19 | FSU22 | FSU17 | FSU18
X 45X ) \ / A

M
4’{ FSU20 L{ FSU21 W FSU23 r»‘ FSU17 ﬂ FSU18
usbb2_mm_txse0 ) XX X}Q X X \ / /\

SWPS040-141

Figure 6-94. Low- / Full-Speed USBB2—RBidirectional TLL 3-pin Mode—1.8 V

usbb2_mm_txdat

6.6.8.4.5 Low-/Full-Speed USBB2 (FSUSB)—Bidirectional Standard 2-pin Mode

Table 6-164 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-95).
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Table 6-163. Low- / Full-Speed USBB2 Timing Conditions—Bidirectional 2-pin Mode—1.8 V(J?®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 2 ns
tr Input signal fall time 2 ns
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance 30 60 Q

(1) 10 settings:
— Balls AD26, AD27 (usbb2_mm_rxdp, usbb2_mm_rxdm): MB[1:0] = 10 and LBO = 1
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50-Q Output Buffer 1/0s with Combined Mode and Load Settings section
of the OMAP4430 TRM.
— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-164. Low- / Full-Speed USBB2 Timing Requirements—Bidirectional 2-pin Mode—1.8 V()@

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

FSu1 ta(DAT,SEO) Time duration, usbb2_mm_rxdp and 14.0 14.0 ns
usbb2_mm_rxdm low together during
transition

FSuU2 ta(DAT,SEO) Time duration, usbb2_mm_rxdp and 8.0 8.0 ns
usbb2_mm_rxdm high together during
transition

(1) See DM Operating Condition Addendum for CORE OPP voltages.
(2) Low-Speed mode is a subset of the Full-Speed mode and it is expected to work at low bandwidth (1.5Mb/s).

FSU1 FSU2
usbb2_mm_rxdp X \\ X \/ [\

FSU1 FSU2
usbb2_mm_rxdm X \\ X \ / [\

SWPS040-142

Figure 6-95. Low- / Full-Speed USBB2—Bidirectional 2-pin Mode—1.8 V

6.6.8.4.6 High-Speed USBB2 (HSUSB)—ULPI SDR Mode—Slave Mode

Table 6-166 and Table 6-167 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-96).

Table 6-165. High-Speed USBB2 Timing Conditions—ULPI SDR Mode®®®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MN | mAX
Input Conditions
tr Input signal rise time 1.00 3.00 ns
te Input signal fall time 1.00 3.00 ns
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Table 6-165. High-Speed USBB2 Timing Conditions—ULPI SDR Mode®®@® (continued)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN | MAX
PCB Conditions
Number of external peripherals
Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbb2_ulpiphy_clk (ball AG12): DSO =0

— usbb2_ulpiphy_stp (ball AF12): DS0 =0

— usbb2_ulpiphy_dir (ball AE12): DS0 =0

— usbb2_ulpiphy_nxt (ball AG13): DS0 =0

— usbb2_ulpiphy_dat[7:0] (balls AE9 / AG10 / AF10 / AE10/ AH11/ AG11/AF11/AE11l): DS0=0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-166. High-Speed USBB2 Timing Requirements—ULPI SDR Mode—Slave Mode®

NO. PARAMETER OPP100 UNIT
MIN MAX
us1 1/ oy Frequency™, usbb2_ulpiphy_clk 60 MHz
us2 ty(clkH) Typical pulse duration, usbb2_ulpiphy_clk high 0.5*p®@ ns
us3 t(clkL) Typical pulse duration, usbb2_ulpiphy_clk low 0.5*p®@ ns
tac(clk) Duty cycle error, usbb2_ulpiphy_clk -833 833 ps
ti(clk) Jitter standard deviation®, usbb2_ulpiphy_clk 500 ps
uss tsu(ctriv-clkH) Setup time, usbb2_ulpiphy_dir and usbb2_ulpiphy_nxt valid before 6.73 ns
usbb2_ulpiphy_clk rising edge
us6 th(clkH-ctriv) Hold time, usbb2_ulpiphy_dir and usbb2_ulpiphy_nxt valid after 0.00 ns
usbb2_ulpiphy_clk rising edge
us7 tsu(dv-clkH) Setup time, input usbb2_ulpiphy_dat[7:0] valid before 6.73 ns
usbb2_ulpiphy_clk rising edge
uss th(clkH-dv) Hold time, input usbb2_ulpiphy_dat[7:0] valid after usbb2_ulpiphy_clk 0.00 ns
rising edge

(1) Related to the input maximum frequency supported by the USB module.
(2) P =clk period in ns

(3) Maximum cycle jitter supported by clk input clock.

(4) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-167. High-Speed USBB2 Switching Characteristics—ULPI SDR Mode—Slave Mode™

NO. PARAMETER OPP100 UNIT
MIN MAX
us4 ta(elkL-ctriv) Delay time, usbb2_ulpiphy_clk rising edge high to output 0.40 8.34 ns
usbb2_ulpiphy_stp valid
tR(ctr) Rise time, output usbb2_ulpiphy_stp 3.0 ps
tr(atrl) Fall time, output usbb2_ulpiphy_stp 3.0 ps
us9 ta(cikL-dov) Delay time, usbb2_ulpiphy_clk rising edge to output 0.40 8.34 ns
usbb2_ulpiphy_dat[7:0] valid
tRr(do) Rise time, output usbb2_ulpiphy_dat[7:0] 3.0 ps
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Table 6-167. High-Speed USBB2 Switching Characteristics—ULPI SDR Mode—Slave Mode™® (continued)
NO. PARAMETER OPP100 UNIT
MIN MAX
tr(do) ‘ Fall time, output usbb2_ulpiphy_dat[7:0] 3.0 ps

(1) See DM Operating Condition Addendum for CORE OPP voltages.

[e———US1T——

US2—+—US3
usbb2_ulpiphy_clk / \ / \ / \

us4 us4
usbb2_ulpiphy_stp / \

FUSS: “—uUS6
usbb2_ulpiphy_dir /
usbb2_ulpiphy_nxt Us7 USso9
T
usbb2_ulpiphy_dat[7:0] X Data_IN X X Data_OUT X

SWPS040-143

Figure 6-96. High-Speed USBB2—ULPI SDR Mode—Slave Mode

6.6.8.4.7 High-Speed USBB2 (HSUSB)—ULPI TLL Mode—Master Mode

Table 6-169 and Table 6-170 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-97).

Table 6-168. High-Speed USBB2 Timing Conditions—ULPI TLL Mode—Master Mode®®

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 1.00 3.00 ns
te Input signal fall time 1.00 3.00 ns

PCB Conditions
Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 60 Q

(1) 10 settings:

— usbb2_ulpitll_clk (ball AG12): DS0 =0

— usbb2_ulpitll_stp (ball AF12): DSO = 0

— usbb2_ulpitll_dir (ball AE12): DSO = 0

— usbb2_ulpitll_nxt (ball AG13): DS0 =0

— usbb2_ulpitll_dat[7:0] (balls AE9 / AG10 / AF10 / AE10 / AH11 / AG11 / AF11/ AE11): DSO = 0
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

— Corresponding voltage: 1.8 V

(2) In this table the rise and fall times are calculated for 10% to 90% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-169. High-Speed USBB2 Timing Requirements—ULPI TLL Mode—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

uT4 tsu(etriv-clkH) Setup time, usbb2_ulpitll_stp valid before 5.78 5.78 ns
usbb2_ulpitll_clk rising edge

UT5 th(clkH-ctriv) Hold time, usbb2_ulpitll_stp valid after 0.09 0.09 ns
usbb2_ulpitll_clk rising edge

UTé tsu(dv-clkH) Setup time, usbb2_ulpitll_dat[7:0] valid before 5.78 5.78 ns
usbb2_ulpitll_clk rising edge

uT?7 th(clkH-dv) Hold time, usbb2_ulpitll_dat[7:0] valid after 0.09 0.09 ns
usbb2_ulpitll_clk rising edge

(1) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-170. High-Speed USBB2 Switching Characteristics—ULPI TLL Mode—Master Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
UT1 1/ tegeiny Frequency™®, output usbb2_ulpitll_clk 60 60 MHz
uT2 tw(clkH) ;I;_y[?]ical pulse duration, output usbb2_ulpitll_clk 0.5*P@ 0.5P@ ns
19
uT3 tw(clkL) ;I'ypical pulse duration, output usbb2_ulpitll_clk 0.5+p®@ 0.5p®@ ns
ow
tac(clk) Duty cycle error, output usbb2_ulpitll_clk -833 833 -833 833 ps
ticclk) Jitter standard deviation®, output 400 400 ps
usbb2_ulpitll_clk
tR(clk) Rising time, output usbb2_ulpitll_clk 3.0 3.0 ps
trcik) Falling time, output usbb2_ulpitll_clk 3.0 3.0 ps
uT8 ta(elkL-ctriv) Delay time, output usbb2_ulpitll_clk rising 0.04 8.96 0.04 8.96 ns

edge to output usbb2_ulpitll_dir and
usbb2_ulpitll_nxt

trectr) Rising time, output usbb2_ulpitll_dir and 3.0 3.0 ps
usbb2_ulpitll_nxt
tr(atrl) Falling time, output usbb2_ulpitll_dir and 3.0 3.0 ps
usbb2_ulpitll_nxt
uT9 ta(clkL-dov) Delay time, output usbb2_ulpitll_clk rising 0.04 8.96 0.04 8.96 ns
edge to output usbb2_ulpitll_dat[7:0] valid
tR(do) Rising time, output usbb2_ulpitll_dat[7:0] 3.0 3.0 ps
tr(do) Falling time, output usbb2_ulpitll_dat[7:0] 3.0 3.0 ps

(1) Related to the input maximum frequency supported by the USB module.
(2) P = output clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-97. High-Speed USBB2—ULPI TLL Mode—Master Mode

6.6.8.4.8 High-Speed USBB2 (HSUSB)—High-Speed InterChip Interface 2 (HSIC2)

High-Speed InterChip (HSIC) is an alternative to the standard USB physical layer targeted at fixed,
inter-chip communications. This implies short distances between devices, and allows for simpler, smaller,
more power-efficient PHYs over a single-ended, 2-wire interface running at a fixed HS speed. HSIC
should be identical to standard USB from a high-level application standpoint.

6.6.8.4.8.1 High-Speed USBB2—HSIC DDR Receive And Transmit Modes—1.2 V

Table 6-172 and Table 6-173 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-98).

Table 6-171. High-Speed USBB2—HSIC DDR Timing Conditions—1.2 V(D(@)®)

SYSTEM CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time 0.29 0.58 ns
tr Input signal fall time 0.29 0.58 ns

PCB Conditions
Number of external peripherals

Far end load 5 pF
Trace length 4 cm
Characteristics impedance 45 55 Q

(1) 10 settings:
— usbb2_hsic_data, usbb2_hsic_strobe (balls: AF13, AE13): sr[2:0] = 010 and i[2:0] = 110
For more information, see Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / High-speed 1/O Buffers with Impedance, Slew Rate and Weak Driver
Settings section of OMAP4430 TRM.
— Corresponding voltage: 1.2 V

(2) In this table the rise and fall times are calculated for 30% to 70% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(3) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-172. High-Speed USBB2 Timing Requirements—HSIC DDR Receive Mode—1.2 V®

NO. PARAMETER OPP100 UNIT
MIN MAX
HSIC1 1/ ooy Frequency®, usbb2_hsic_strobe period 240 MHz
HSIC2 tyy(clkH) Typical pulse duration, usbb2_hsic_strobe high 0.5*p®@ ns
HSIC3 t(clkL) Typical pulse duration, usbb2_hsic_strobe low 0.5*p®@ ns
HSIC5 tsu(strobe-datav) Setup time, ushbb2_hsic_data valid before usbb2_hsic_strobe low/high 0.271 ns
HSIC6 th(strobe-datav) Hold time, usbb2_hsic_data valid after usbb2_hsic_strobe low/high 0.271 ns

(1) Related to the maximum USB HSIC frequency.

() P=

input clock period in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-173. High-Speed USBB2 Switching Characteristics—HSIC DDR Transmit Mode—1.2 V®

NO. PARAMETER OPP100 UNIT
MIN MAX
HSIC1 1/ ooy Frequency™®, usbb2_hsic_strobe period 240 MHz
HSIC2 t(clkH) Typical pulse duration, usbb2_hsic_strobe high 0.5+p®@ ns
HSIC3 tw(clkL) Typical pulse duration, usbb2_hsic_strobe low 0.5+p®@ ns
tac(clk) Duty cycle error, usbb2_hsic_strobe -83 83 ps
tR(clk) Rise time, usbb2_hsic_strobe 0.39 0.56 ns
trcik) Fall time, usbb2_hsic_strobe 0.39 0.56 ns
HSIC4 ta(clk-datav) Delay time, usbb2_hsic_strobe low/high to usbb2_hsic_data valid -0.325 0.325 ns
tRr(do) Rise time, output data usbb2_hsic_data 0.39 0.56 ns
tr(do) Falli ime, output data usbb2_hsic_data 0.39 0.56 ns
(1) Related to the maximum USB HSIC frequency.
(2) P = output clock period in ns
(3) See DM Operating Condition Addendum for CORE OPP voltages.
SBZ SB3
SB1
SLIMBUS_CLK \ \ / \ / \ /
Ls:3«»|
SLIMBUS_DATA X X X X X

6.6.9

Inter-Integrated Circuit Interface (I°C)

SWPS040-150

Figure 6-98. High-Speed USBB2—HSIC DDR Receive And Transmit Modes—1.2 V

For more information, see the Serial Communication Interface / Multimaster High-Speed 1°C
Controller / HS I2C Functional Description section of the OMAP4430 TRM.

NOTE

The multi-master 1°C peripheral provides an interface between two or more devices via an I°C serial bus.
The I1°C controller supports the multi-master mode which allows more than one device capable of
controlling the bus to be connected to it. Each I1°C device is recognized by a unique address and can
operates as either transmitter or receiver, according to the function of the device. In addition to being a
transmitter or receiver, a device connected to the I1°C bus can also be considered as master or slave when
performing data transfers. This data transfer is carried out via two serial bidirectional wires:
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« An SDA data line
¢« An SCL clock line

In Figure 6-99 and Figure 6-100 the data transfer is in master or slave configuration with 7-bit addressing

format.

The 1°C and SmartReflex interfaces are compliant with Philips 1°C specification version 2.1. It supports
standard mode (up to 100K bits/s), fast mode (up to 400K bits/s), and high-speed mode (up to 3.4Mb/s).

6.6.9.1 I°C and SmartReflex—Standard and Fast Modes
NOTE
PCB conditions:
* Far End Load is less than 30 pF: for more information regarding LB1, LBO Far End Load
IO settings, see Control Module / Control Module Functional Description/ Functional
Register Description / 12Cx 1/Os Group Pullupresx Controls and Load Range Settings
section of OMAP4430 TRM.
* Maximum trace length is less than 20 cm.
+ Characteristic impedance is between 20 Q to 70 Q.
Table 6-174. I°C and SmartReflex—Standard and Fast Modes®
NO. PARAMETER STANDARD MODE FAST MODE UNIT
MIN MAX MIN MAX
foel Frequency, clock i2cx_scl® 100 400 kHz
11 t(sclH) Pulse duration, clock i2cx_scl® high 4.0 0.6 us
12 t(scll) Pulse duration, clock i2cx_scl™® low 4.7 1.3 us
13 tsu(sdav-sclH) Setup time, data i2cx_sda™ valid before clock 250 100 ns
i2cx_scl® active level
14 th(sclH-sdav) Hold time, data i2cx_sda™ valid after clock 0@ 3.450) 0@ 0.9® us
i2cx_scl® active level
15 tsu(sclH-sdal) Setup time, clock i2cx_scl® high before data 4.7 0.6 us
i2cx_sda® low (for a START®) condition or a
repeated START condition)
16 th(sdaL—sclH) Hold time, clock i2cx_scl® high after data 4.0 0.6 us
i2cx_sda® low (for a START® condition or a
repeated START condition)
17 tsu(sclH-sdaH) Setup time, clock i2cx_scl® high before data 4.0 0.6 us
i2cx_sda® high (for a STOP condition)
18 tw(sdat) Pulse duration, data i2cx_sda® high between 4.7 1.3 us
STOP and START conditions
tr(scl) Rise time, clock i2cx_scl® 1000 20 + 300 ns
0.1Cq
tr(sci) Fall time, clock i2¢cx_scl® 300 20 + 300 ns
0.1Cg
tr(sda) Rise time, data i2cx_sda® 1000 20 + 300 ns
0.1Cq
tr(sda) Fall time, data i2cx_sda® 300 20 + 300 ns
0.1Cg
Cg Capacitive load for each bus line 400 400 pF

(1) A fast-mode I°C-bus device can be used in a standard-mode I1>C-bus system, but the requirement tsu(spav-scLH) 2 250 ns must then be
met. This is automatically the case if the device does not stretch the low period of the i2cx_scl®. If such a device does stretch the low
period of the i2cx_scl®, it must output the next data bit to the i2cx_sda® line trspa) MAX + tsyspav-sciry = 1000 + 250 = 1250 ns
(according to the standard-mode 12C-bus specification) before the i2cx_scl® line is released.

(2) The device provides (via the 1°C bus) a minimum hold time (= 12C_FCLK period x (PSC+1
and rise times of i20x_scl(4)) to bridge the undefined region of the falling edge of iZCX_SC|(4 .

z x 4) for the i2cx_sda™ signal (refer to the fall

For more information, see the Serial Communication Interface / Multimaster High-Speed I12C Controller / HS I12C Functional Description /
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HS 12C Clocks section of the OMAP4430 TRM.
(3) The maximum tyscLH-spa) has only to be met if the device does not stretch the low period of the i2cx_scl® signal.

(4) Ini2cx, xis equal to 1, 2, 3, or 4 or sr for SmartReflex. Note that sr (SmartReflex) is master transmitter only.

(5) Atfter this time, the first clock is generated.

(6) In this table the rise and fall times are calculated for 30% to 70% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

START REPEAT START
START STOP
i2cX_sda / ) X &) O\
15 18
6] 11of—12 LB-{ HA»‘ *‘»||6 - 17
i2cX_scl — |\ N\ [\ /B R\WAR\ W\ / \

Figure 6-99. I°C and SmartReflex—Standard and Fast Modes®™

(1) Ini2cX, Xis equal to 1, 2, 3 or 4, or sr for SmartReflex.

SWPS040-061

6.6.9.2 I°C and SmartReflex—High-Speed Mode
NOTE
PCB conditions:
* Far End Load is less than 30 pF: for more information regarding LB1, LBO Far End Load
IO settings, see Control Module / Control Module Functional Description/ Functional
Register Description / 12Cx 1/0s Group Pullupresx Controls and Load Range Settings
section of OMAP4430 TRM.
* Maximum trace length is less than 20 cm.
» Characteristic impedance is between 20 Q to 70 Q.
Table 6-175. I°C and SmartReflex—High-Speed Mode®
NO. PARAMETER MIN MAX UNIT
fscl Frequency, clock i2cx_scl® 3.4%) MHz
H1 t(sclH) Pulse duration, clock i2cx_scl® high 60D ns
IH2 tscll) Pulse duration, clock i2cx_scl® low 1600 ns
IH3 tsu(sdav-scH) ISetulp time, data i2cx_sda® valid before clock i2cx_scl® active 10 ns
eve
IH4 th(sclH-sdav) Hold time, data i2cx_sda® valid after clock i2cx_scl® active 0@ 70 ns
level
IH5 tsu(sclH-sdal) Setup time, clock i2cx_scl® high before data i2cx_sda® low (for 160 ns
a START® condition or a repeated START condition)
IH6 th(sdaL-sclH) Hold time, clock i2cx_scl® high after data i2cx_sda® low (for a 160 ns
START® condition or a repeated START condition)
IH7 tsu(sclHsdaH) Setup time, clock i2cx_scl® high before data i2cx_sda® high 160 ns
(for a STOP condition)
tR(sc) Rise time, clock i2cx_scl® 10 40 ns
tRescl) Rise time, clock i2cx_scl(3) after a repeated START condition 10 80 ns
and after a bit acknowledge
tr(scl) Fall time, clock i2cx_scl® 10 40 ns
tr(sda) Rise time, data i2cx_sda® 10 80 ns
tr(sda) Fall time, data i2cx_sda® 10 80 ns
Cg Capacitive load for each bus line 100 pF
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(1) HS-mode master devices generate a serial clock signal with a high to low ratio of 1 t0 2. tysci) > 2 * tw(sclH)-

(2) Atfter this time, the first clock is generated.

(3) Ini2cx, xis equal to 1, 2, 3, or 4 or sr for SmartReflex. Note that sr (SmartReflex) is master transmitter only.

(4) The device provides (via the I>C bus) a minimum hold time (= 12C_FCLK period x 4) for the i2cx_sda® signal (refer to the fall and rise
times of i2cx_scl®) to bridge the undefined region of the falling edge of i2cx_scl®),
For more information, see the Serial Communication Interface / Multimaster High-Speed I2C Controller / HS I2C Functional Description /

HS I°C Clocks section of the OMAP4430 TRM.

(5) The maximum 12C5 (or SmartReflex) clock frequency in high-speed mode is equal to the SYS_CLK clock frequency (38.4 MHz
maximum) divided by 18, with LB[1:0] = 01 setting on sr_scl, ball AG9 (load range = 12 pF to 25 pF and internal pullup resistance = 920
Q). Therefore, the maximum 12C5 (or SmartReflex) clock frequency in high-speed mode is 2.13 MHz.
For more information about the 12C5 (or SmartReflex) timings constraints calculation and the corresponding 12C5 registers settings, see
the Serial Communication Interface / Multimaster High-Speed I12C Controller / HS I2C Functional Description / HS I°C Clocks section of

the OMAP4430 TRM.

For more information on the LBO[1:0] IO cell configuration, see the Control Module / Control Module Functional Description / Functional
Register Description / Signal Integrity Parameter Control Registers With Pad Group Assignment section of the OMAP4430 TRM.

(6) In this table the rise and fall times are calculated for 30% to 70% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

START REPEAT sTOP
i2cX_sda — ) / ) VX \

e—IH5——IHE—| IH1s|——1H2 iH34  p—sfIH4  feq 1H7
i2cXscl [T\ [\ U\ [\ [T

Figure 6-100. I°C and SmartReflex—High-Speed Mode™®

(1) Ini2cX, Xis equal to 1, 2, 3 or 4, or sr for SmartReflex.

SWPS040-062

Table 6-176. I°C and SmartReflex Correspondence Standard vs Data Manual Timing References

TI-OMAP STANDARD-I2C
Standard/Fast Modes High-Speed Mode

fscl FscL FscLH
11 tw(sclH) THIGH THIGH
12 tw(sclL) Tiow Tiow
13 tsu(sdav-sciH) Tsu,pat Tsu,pat
14 th(sclH-sdav) Tsu,pat Tsu,pat
15 tsu(sdaL-sclH) Tsu;sTa Tsu;sTa
16 th(sclH-sdaH) Thp;sTA Thp;sTA
17 th(sclH-RSTART) Tsu;sto Tsu;sto
18 tw(sdaH) TeurF

6.6.10 HDQ / 1-Wire Interface (HDQ/1-Wire)

TRM.

NOTE
For more information, see the Serial Communication Interface section of the OMAP4430

The module is intended to work with both HDQ and 1-Wire protocols. The protocols use a single wire to
communicate between the master and the slave. The protocols employ an asynchronous return to one
mechanism where, after any command, the line is pulled high.

6.6.10.1 HDQ / 1-Wire—HDQ Mode

Table 6-177 through Table 6-179 assume testing over the recommended operating conditions and
electrical characteristic conditions below (see Figure 6-101 through Figure 6-105).
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Table 6-177. HDQ/1-Wire Timing Requirements—HDQ Mode

PARAMETER DESCRIPTION MIN TYP MAX UNIT
tcycH Read bit window timing 190 250 us
thwt Read one data valid after HDQ low 32 66
trwo Read zero data hold after HDQ low 70@ 145
trsps Response time from HDQ slave device® 190 320

(1) Defined by software.

(2) If HDQ slave device drives a logic-low state after tywo maximum, it can be interpreted as a break pulse. For more information see

Table 6-179 and the HDQ/1-Wire chapter of the

OMAP4430 TRM.

Table 6-178. HDQ Sampling Cases®

CASES FIRST SAMPLING (at 68 ps) SECOND SAMPLING (at 180 ps)
1 L (logic-low state) L (logic-low state)
2 L (logic-low state) H (logic-high state)
3 H (logic-high state) L (logic-low state)
4 H (logic-high state) H (logic-high state)

(1) The different cases can be interpreted as follows:
— Case 1: If a logic-low state is present at the first sampling time and also at the second sampling time, the receive data can be

interpreted as a break pulse.

— Case 2: If a logic-low state is present at the first sampling time and a logic-high state is present at the second sampling time, the

receive data on the line is a zero (data).
— Case 3: Undefined.

— Case 4: If a logic-high state is present at the first sampling time and also at the second sampling time, the receive data on the line is

a one (data).

Table 6-179. HDQ/1-Wire Switching Characteristics—HDQ Mode

PARAMETER DESCRIPTION MIN TYP MAX UNIT
tg Break timing 190 us
tBR Break recovery time 40
tcyep Write bit windows timing 190
towi Write one data valid after HDQ low 0.5 50
tbwo Write zero data hold after HDQ low 86 145

% : e —
HDQ T\ [\

SWPS040-063

Figure 6-101. HDQ Break and Break Recovery Timing—OMAP HDQ Interface Writing to Slave
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Figure 6-102. HDQ Break Detection—OMAP HDQ Interface Reading to Slave

350 Timing Requirements and Switching Characteristics

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Copyright © 2010-2012, Texas Instruments Incorporated


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

Public Version

i3 T
IIEI)S(’?FS{UMENTS OMAP4430

www.ti.com SWPS041D —DECEMBER 2010-REVISED JANUARY 2012

tCYCH -
tHWO 'I
— thwi _'|
HDQ —  \ / / W
SWPS040-065
Figure 6-103. OMAP HDQ Interface Bit Read Timing (Data)
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Figure 6-104. OMAP HDQ Interface Bit Write Timing (Command / Address or Data)
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Figure 6-105. HDQ Communication Timing

6.6.10.2 HDQ/1-Wire—1-Wire Mode

Table 6-180 and Table 6-181 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-106 through Figure 6-109).

Table 6-180. HDQ/1-Wire Timing Requirements—1-Wire Mode

PARAMETER DESCRIPTION MIN TYP MAX UNIT
tPDH Presence pulse delay high 15 60 us
tppL Presence pulse delay low 60 240
trRoV Read data valid time fLowr 15
tREL Read data release time 0 45

Table 6-181. HDQ/1-Wire Switching Characteristics—1-Wire Mode

PARAMETER DESCRIPTION MIN TYP MAX UNIT
tRsTL Reset time low 480 960 us
tRsTH Reset time high 480 us
tsLoT Bit cycle time 60 120 us
tLowt Write bit-one time 1 15 us
tLowo Write bit-zero time® 60 120 us
trRec Recovery time 1 us
tLowr Read bit strobe time® 1 15 us

(1) tLowr (low pulse sent by the master) must be short as possible to maximize the master sampling window.

(2) tLowo must be less than tg oT.
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Figure 6-106. 1-Wire—Break (Reset)
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Figure 6-107. 1-Wire—Read Bit (Data)
tsLor > trec——"

tLOW1

1-wire —
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Figure 6-108. 1-Wire—Write Bit-One Timing (Command / Address or Data)
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Figure 6-109. 1-Wire—Write Bit-Zero Timing (Command / Address or Data)

6.6.11 Universal Asynchronous Receiver Transmitter (UART)

NOTE
PCB conditions:

* Far End Load is less than 5 pF: for more information on the UART IO Settings, see

Table 6-182.
* Maximum trace length is less than 10 cm.
+ Characteristic impedance is between 20 Q to 70 Q.
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Table 6-182. UART IO Settings References

MULTIPLEXING 10 SETTINGS REFERENCES
MODES 10 SET 1 10 SET 2 10 SET 3 10 SET 4 10 SET 5
UART1
Model Balls: C26 / D26 Balls: AF23 / F27 | Balls: AG23/
Signals: uart2_rx, | Signals: vartl_rx, |AH23
uartl_tx uartl_tx Signals: uartl_cts,
For more For more uartl_rts
information information For more
regarding LB[1:0] |regarding LB[1:0] |information
Far End Load I0 | and SCJ[1:0] Far regarding MBJ[1:0]
settings, see End Load 10 and LBO Far End
Control Module / settings, see Load IO settings,
Control Module Control Module / see Control
Functional Control Module Module / Control
Description/ Functional Module Functional
Functional Description/ Description/
Register Functional Functional
Description / 12Cx | Register Register
1/0s Group Description / Description / 50-Q
Pullupresx Low-Speed 1/Os Output Buffer 1/0Os
Controls and Load | Combined Slew With Combined
Range Settings Rate Versus TL Mode and Load
section of Length and Load | Settings section of
OMAP4430 TRM. | Settings section of | OMAP4430 TRM.
OMAP4430 TRM.
Mode2 Ball: E3 Ball: AA3
Signal: uartl_rx Signal: uartl_rx
For more For more
information on information
SDMMC1_DR[2:0] | regarding DSO Far
_SPEEDCTRL End Load 10
registers see: settings, see
Control Module / Control Module /
Control Module Control Module
Functional Functional
Description / Description/
Functional Functional
Register Register
Description / Description / 1/0
Signal Integrity Cells With
Parameter Control | Configurable
Registers With Output Driver
Pad Group Impedance section
Assignment / of OMAP4430
Device Interfaces | TRM.
Signal Group
Controls Mapping
section
or,
Control Module /
Control Module
Register Manual /
SYSCTRL_PADC
ONF_CORE
Register
Description section
of the OMAP4430
TRM.
UART2
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Table 6-182. UART IO Settings References (continued)

MULTIPLEXING |0 SETTINGS REFERENCES
MODES 10 SET 1 10 SET 2 10 SET 3 10 SET 4 10 SET 5 10 SET 6
Mode 0 Balls: AB26 /
AB27 | AA25 /
AA26

Signals: uart2_cts,
uart2_rts, uart2_rx,
uart2_tx

For more
information
regarding MB[1:0]
and LBO Far End
Load IO settings,
see Control
Module / Control
Module Functional
Description/
Functional
Register
Description / 50-Q
Output Buffer 1/0Os
With Combined
Mode and Load
Settings section of
OMAP4430 TRM.

Mode 2 Balls: B5/ B4
Signals:
uart2_rx,
uart2_tx
No 10 settings
needed.

UART3

Mode 0 Balls: F27 / F28 /

G27/G28
Signals:

uart3_cts_rctx,
uart3_rts_sd,
uart3_rx_irrx,
uart3_tx_irtx

For more
information
regarding LB[1:0]
and SCJ[1:0] Far
End Load 10
settings, see
Control Module /
Control Module
Functional
Description/
Functional
Register
Description /
Low-Speed 1/Os
Combined Slew
Rate Versus TL
Length and Load
Settings section of
OMAP4430 TRM.

Mode 1 Balls: B5/ B4
Signals:
uart3_rx_irrx,
uart3_tx_irtx
No 10 settings
needed.
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Table 6-182. UART IO Settings References (continued)

MULTIPLEXING 10 SETTINGS REFERENCES
MODES 10 SET 1 IO SET 2 10 SET 3 10 SET 4 10 SET5 10 SET 6
Mode 2 Balls: W2 / W3/
W4 /Y2
uart3_tx_irtx,
uart3_rx_irrx,
uart3_rts_sd,
uart3_cts_rctx
For more
information
regarding DSO Far
End Load 10
settings, see
Control Module /
Control Module
Functional
Description/
Functional
Register
Description / 1/0
Cells With
Configurable
Output Driver
Impedance section
of OMAP4430
TRM.
UART4
Mode 0 Balls: AG20 /
AH19
uartd_rx, uartd_tx
For more
information
regarding MB[1:0]
and LBO Far End
Load IO settings,
see Control
Module / Control
Module Functional
Description/
Functional
Register
Description / 50-Q
Output Buffer 1/0Os
With Combined
Mode and Load
Settings section of
OMAP4430 TRM.
Mode 5 Balls: AE24 | AF24
Signals: uart4_cts,
uart4_rts
For more
information
regarding MBJ[1:0]
and LBO Far End
Load IO settings,
see Control
Module / Control
Module Functional
Description/
Functional
Register
Description / 50-Q
Output Buffer 1/0Os
With Combined
Mode and Load
Settings section of
OMAP4430 TRM.
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Table 6-183. UART Switching Characteristics
SIGNAL NAME ‘ MUX MODE ‘ DESCRIPTION MIN MAX UNIT
Universal Asynchronous Receiver/Transmitter (UARTL1)
UART1 (uartl_tx): D26 1 tor® 10 ns
C_, Output load 40 pF
UART1 (uartl_tx): F27 1 tor® SCJ[1:0] = 00 1 15 ns
C_, Output load 4 60 pF
tor® SC[1:0] = 01 0.4 5 ns
C., Output load 2 21 pF
tor® SC[1:0] = 10 0.6 7 ns
C., Output load 7 33 pF
UART1 (uartl_rts): AH23 1 torH@ MB[1:0] = 11 LBO = 1 (Mode1l) 10 ns
@@ | maximum frequency = 24 MHz
Cu, Output load transmission line delay = 670 ps 20 25 pF
torH@ MB[1:0] = 11 LBO = 1 (Mode1l) ns
@@ | maximum frequency = 60 MHz
Cu, Output load transmission line delay = 335 ps 2 5 pF
tor® MB[1:0] = 01 LBO = 0 (Mode2) 5.6% ns
@@ | maximum frequency = 25 MHz
Cu, Output load transmission line delay = 335 ps 14 17 pF
torH@ MB[1:0] = 01 LBO = 0 (Mode2) 6.3 ns
@@ | maximum frequency = 48 MHz
Cv, Output load transmission line delay = 536 ps 2 5 pF
tor® MB[1:0] = 10 LBO = 1 (Mode3) 10.5% ns
@@ | maximum frequency = 20 MHz
Cv, Output load transmission line delay = 838 ps 23 28 pF
torH@ MB[1:0] = 10 LBO = 1 (Mode3) 12.5 ns
@@ | maximum frequency = 24 MHz
Cu, Output load transmission line delay = 670 ps 16 20 pF
tor® MB[1:0] = 10 LBO = 0 (Mode4) 16.8% ns
@@ | maximum frequency = 4 MHz
Cu, Output load transmission line delay = 1675 ps 16 20 PF
torH@ MB[1:0] = 10 LBO = 0 (Mode4) 10 ns
@@ | maximum frequency = 25 MHz
Cu, Output load transmission line delay = 670 ps 2 5 pF
torH@ MB[1:0] = 10 LBO = 0 (Mode4) 12.2 ns
@@ | maximum frequency = 25 MHz
Cu, Output load transmission line delay = 670 ps 5 ! PF
tor® MB[1:0] = 10 LBO = 0 (Mode4) 8" ns
@@ | maximum frequency = 25 MHz
Cv, Output load transmission line delay = 536 ps 2 1 pF

Universal Asynchronous Receiver/Transmitter (UART2)
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Table 6-183. UART Switching Characteristics (continued)

SIGNAL NAME MUX MODE DESCRIPTION MIN MAX UNIT
UART?2 (uart2_rts, 0 torM@ MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
uart2_tx): AB27 / AA26 C., Output load maximum frequency = 2_4 MHz 20 o5 pF

transmission line delay = 670 ps
torM@ MB[1:0] = 11 LBO = 1 (Mode1) ns
maximum frequency = 60 MHz
Cu, Output load transmission line delay = 335 ps 2 5 pF
tor® MB[1:0] = 01 LBO = 0 (Mode2) 5.6 ns
maximum frequency = 25 MHz
Cu, Output load transmission line delay = 335 ps 14 17 pF
torM@ MB[1:0] = 01 LBO = 0 (Mode2) 6.3 ns
maximum frequency = 48 MHz
Cu, Output load transmission line delay = 536 ps 2 5 pF
tor® MB[1:0] = 10 LBO = 1 (Mode3) 10.5® ns
maximum frequency = 20 MHz
Cu, Output load transmission line delay = 838 ps 23 28 pF
torM@ MB[1:0] = 10 LBO = 1 (Mode3) 12.5 ns
maximum frequency = 24 MHz
Cu, Output load transmission line delay = 670 ps 16 20 pF
tor® MB[1:0] = 10 LBO = 0 (Mode4) 16.84 ns
maximum frequency = 4 MHz
Cu, Output load transmission line delay = 1675 ps 16 20 pF
torM@ MB[1:0] = 10 LBO = 0 (Mode4) 10 ns
maximum frequency = 25 MHz
Cu, Output load transmission line delay = 670 ps 2 5 pF
torM@ MB[1:0] = 10 LBO = 0 (Mode4) 12.2 ns
maximum frequency = 25 MHz
Cu, Output load transmission line delay = 670 ps 5 ! pF
tor® MB[1:0] = 10 LBO = 0 (Mode4) 84 ns
maximum frequency = 25 MHz
Cu, Output load transmission line delay = 536 ps 2 1 pF
UART?2 (uart2_rx, 2 tor® 30 ns
uart2_tx): BS / B4 C,, Output load 0 50 pF
Universal Asynchronous Receiver/Transmitter (UART3)
UART3 (uart3_cts_rctx, 0 tor® SC[1:0] = 00 15 ns
uart3_rts_sd,
uart3_tx_irtx): F27 / F28 / Cy, Output load 60 PR
G28 tor® SC[1:0] = 01 0.4 5 ns
C,, Output load 2 21 pF
tor® SC[1:0] = 10 0.6 7 ns
C,, Output load 7 33 pF
UART3 (uart3_rx_irrx, 1 tor® 30 ns
uart3_tx_irtx): B5/ B4 C., Output load 0 50 pF
UART3 (uart3_tx_irtx, 2 tor DSO0 = 0 (Mode2) 150) ns
uart3_rts_sd, maximum frequency = 20 MHz
uart3_cts_rctx): W2 / W4 / Cu, Output load transmission line delay = 1340 ps 5 35 pF
Y2 tor DSO = 0 (Mode?) 30 ns
maximum frequency = 48 MHz
Cu, Output load transmission line delay = 670 ps 2 5 pF
tor DSO0 = 0 (Mode2) 34 ns
maximum frequency = 60 MHz
Cu, Output load transmission line delay = 335 ps 2 5 pF
tor DSO0 = 0 (Mode2) 4M ns
maximum frequency = 75 MHz
Cu, Output load transmission line delay = 402 ps 2 5 pF
tor DSO = 1 (Mode1) 20 ns
maximum frequency = 100 MHz
Cu, Output load transmission line delay = 203 ps 2 5 pF
Universal Asynchronous Receiver/Transmitter (UART4)
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Table 6-183. UART Switching Characteristics (continued)

M3IATHd 109NnAO0dd

SIGNAL NAME MUX MODE DESCRIPTION MIN MAX UNIT

UART4 (uart4_tx): AH19 0 torM@ MB[1:0] = 11 LBO = 1 (Mode1) 10 ns
maximum frequency = 24 MHz

Cu, Output load transmission line delay = 670 ps 20 25 pF

tor® MB[1:0] = 11 LBO = 1 (Mode1) ns
maximum frequency = 60 MHz

Cu, Output load transmission line delay = 335 ps 2 5 pF

tor® MB[1:0] = 01 LBO = 0 (Mode2) 5.6 ns
maximum frequency = 25 MHz

Cu, Output load transmission line delay = 335 ps 14 17 pF

tor® MB[1:0] = 01 LBO = 0 (Mode2) 6.3 ns
maximum frequency = 48 MHz

Cu, Output load transmission line delay = 536 ps 2 5 pF

tor® MB[1:0] = 10 LBO = 1 (Mode3) 10.5® ns
maximum frequency = 20 MHz

Cu, Output load transmission line delay = 838 ps 23 28 pF

tor® MB[1:0] = 10 LBO = 1 (Mode3) 12.5 ns
maximum frequency = 24 MHz

Cu, Output load transmission line delay = 670 ps 16 20 pF

tor® MB[1:0] = 10 LBO = 0 (Mode4) 16.84 ns

maximum frequency = 4 MHz

Cu, Output load transmission line delay = 1675 ps 16 20 pF

tor® MB[1:0] = 10 LBO = 0 (Mode4) 10 ns
maximum frequency = 25 MHz

Cu, Output load transmission line delay = 670 ps 2 5 pF

tor® MB[1:0] = 10 LBO = 0 (Mode4) 12.2 ns
maximum frequency = 25 MHz

Cu, Output load transmission line delay = 670 ps 5 ! pF

tor® MB[1:0] = 10 LBO = 0 (Mode4) 84 ns
maximum frequency = 25 MHz

Cu, Output load transmission line delay = 536 ps 2 1 pF

UART4 (uart4_cts, 5 torM@ MB[1:0] = 11 LBO = 1 (Mode1) 10 ns

uartd_rts): AE24 | AF24 CL, Output load® maximl_Jm_ frequency =24 MHz 20 o5 pF

' transmission line delay = 670 ps

torM@ MB[1:0] = 11 LBO = 1 (Mode1) ns
(@ | maximum frequency = 60 MHz

Cu, Output load transmission line delay = 335 ps 2 5 pF

tor® MB[1:0] = 01 LBO = 0 (Mode2) 5.64 ns
(@ | maximum frequency = 25 MHz

Cu, Output load transmission line delay = 335 ps 14 17 pF

torM@ MB[1:0] = 01 LBO = 0 (Mode2) 6.3 ns
(@ | maximum frequency = 48 MHz

Cu, Output load transmission line delay = 536 ps 2 5 pF

tor® MB[1:0] = 10 LBO = 1 (Mode3) 10.5® ns
(@ | maximum frequency = 20 MHz

Cu, Output load transmission line delay = 838 ps 23 28 pF

tor M@ MB[1:0] = 10 LBO = 1 (Mode3) 12.5 ns
@@ | maximum frequency = 24 MHz

Cu, Output load transmission line delay = 670 ps 16 20 pF

tor® MB[1:0] = 10 LBO = 0 (Mode4) 16.84 ns

@@ | maximum frequency = 4 MHz

Cu, Output load transmission line delay = 1675 ps 16 20 pF

torM@ MB[1:0] = 10 LBO = 0 (Mode4) 10 ns
(@ | maximum frequency = 25 MHz

Cu, Output load transmission line delay = 670 ps 2 5 pF

torM@ MB[1:0] = 10 LBO = 0 (Mode4) 12.2 ns
(@ | maximum frequency = 25 MHz

Cu, Output load transmission line delay = 670 ps 5 ! pF

tor® MB[1:0] = 10 LBO = 0 (Mode4) 84 ns
(@ | maximum frequency = 25 MHz

Cu, Output load transmission line delay = 536 ps 2 1 pF
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(1) Output transition time measured between 10% to 90% of PAD voltage

(2) Depending on the programming mode, different output load and transition time are available following the targeted maximum frequency,
transmission line or output transition time.

(3) Output transition time measured between 20% to 70% of PAD voltage.
(4) Output transition time measured between 20% to 80% of PAD voltage.

6.6.11.1 UARTS3 IrDA

NOTE
For more information, see the Serial Communication Interface section of the OMAP4430
TRM.

The IrDA module can operate in three different modes:

* Slow infrared (SIR) (< 115.2 Kbits/s)

* Medium infrared (MIR) (0.576 Mbits/s and 1.152 Mbits/s)
* Fastinfrared (FIR) (4 Mbits/s)

Pulse duration

\ 4

10%

I
e

SWPS040-072

Figure 6-110. UART IrDA Pulse Parameters

6.6.11.1.1 UARTS3 IrDA—Receive Mode

Table 6-184. UART3 IrDA Signaling Rate and Pulse Duration with 3/16" Encoding—Receive Mode

SIGNALING RATE ELECTRICAL PULSE DURATION UNIT
MIN TYP | MAX

SIR

2.4 Kbit/s 52.17 78.13 208.33 us
9.6 Kbit/s 13.10 19.53 52.08 us
19.2 Kbit/s 6.59 9.77 26.04 us
38.4 Kbit/s 3.34 4.88 13.02 us
57.6 Kbit/s 2.25 3.26 8.68 us
115.2 Kbit/s 1.17 1.63 4.34 us
MIR

0.576 Mbit/s 300.55 416.67 867.86 ns
1.152 Mbit/s 192.04 208.33 433.83 ns
FIR

4.0 Mbit/s (Single pulse) 62.70 125.00 170.63 ns
4.0 Mbit/s (Double pulse) 208.53 250.00 291.47 ns
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NOTE

In SIR receive mode, both the 3/16" and the 1.6-ps pulse duration methods are supported.
For more information, see the Serial Communication Interface / UART/IrDA/CIR section of
the OMAP4430 TRM.

Table 6-185. UARTS3 IrDA Rise and Fall Times—Receive Mode

PARAMETER MIN TYP MAX UNIT
tr Rise time, input data uart3_rx_irrx 200 ns
te Fall time, input data uart3_rx_irrx 200 ns

6.6.11.1.2 UART3 IrDA—Transmit Mode

Table 6-186. UART3 IrDA Signaling Rate and Pulse Duration with 3/16™" Encoding—Transmit Mode

SIGNALING RATE ELECTRICAL PULSE DURATION UNIT
MIN TYP | MAX
SIR
2.4 Kbit/s 78.1 78.1 78.1 us
9.6 Kbit/s 19.5 19.5 19.5 us
19.2 Kbit/s 9.75 9.75 9.75 us
38.4 Kbit/s 4.87 4.87 4.87 us
57.6 Kbit/s 3.25 3.25 3.25 us
115.2 Kbit/s 1.62 1.62 1.62 us
MIR
0.576 Mbit/s 414 416 419 ns
1.152 Mbit/s 206 208 211 ns
FIR
4.0 Mbit/s (Single pulse) 123 125 128 ns
4.0 Mbit/s (Double pulse) 248 250 253 ns
NOTE

In SIR transmit mode, both the 3/16™ and the 1.6-ps pulse duration methods are supported.

For more information, see the Serial Communication Interface / UART/IrDA/CIR section of

the OMAP4430 TRM.
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6.7 Removable Media Interfaces

NOTE
For more information, see the MMC/SD/SDIO section of the OMAP4430 TRM.

The MMC/SD/SDIO host controller provides an interface to MMC, SD memory cards or SDIO cards. The
MMC/SD/SDIO host controller deals with MMC/SD/SDIO protocol at transmission level, data packing,
adding cyclic redundancy checks (CRC), start/end bit, and checking for syntactical correctness.
There are five MMC/SD/SDIO host controllers inside the device:
*+ MMC/SD/SDIO1:
— 1.8-V/ 3-V support
— 1-bit, 4-bit, and 8-bit data transfers without external transceiver
*  MMC/SD/SDIO2:;
— Only 1.8-V support
— 1-bit, 4-bit, and 8-bit data transfers without external transceiver
— 8-bit with external transceiver allowing supporting 3-V peripherals
*+  MMC/SD/SDIO3, MMC/SD/SDIO4, and MMC/SD/SDIOS5:
— Only 1.8-V support
— 1-bit and 4-bit data transfers without external transceiver

6.7.1 Multimedia Memory Card and Secure Digital 10 Card (SDMMC)
6.7.1.1 MMC/SD/SDIO 1 Interface

6.7.1.1.1 MMC/SD/SDIO 1 Interface—SD ldentification and Standard SD Mode

Table 6-188 and Table 6-189 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-111 and Figure 6-112).

Table 6-187. MMC/SD/SDIO 1 Interface Timing Conditions—SD Identification and Standard SD

Mode®@B)4)
TIMING CONDITION PARAMETER VALUE UNIT
MN | MAX
Input Conditions
tr Input signal rise time 10 ns
te Input signal fall time 10 ns
PCB Conditions
Number of external peripherals 1
Far end load 40 pF
Trace length for SD car types 10 cm
Characteristics impedance SanDisk Extreme Il cards 45 55 Q
Other card types 20 70

(1) 10 settings: SPEEDCTRL =0
For more information, see

— The Control Module Functional Description / Extended-Drain 1/0 and PBIAS Cell / Extended-Drain 1/O section or

— The Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity Parameter Control
Registers with Pad Group Assignment / Device Interfaces Signal Group Controls Mapping section

of the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for the V,_/ V|4 described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

(3) For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
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Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-188. MMC/SD/SDIO 1 Interface Timing Reqluigements—SD Identification and Standard SD

Mode®@
NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

SD Identification Mode

SD3 tsu(CMDV-CLKH) Setup time, sdmmc1_cmd valid before 1198.2 1198.2 ns
sdmmc1_clk rising clock edge

SD4 th(clkH-CMDIV) Hold time, sdmmc1_cmd valid after 1249.0 1249.0 ns
sdmmcl_clk rising clock edge

MMC/SD/SDIO 1 Interface (1.8-V 10) Standard SD Mode

SD3 tsu(CMDV-CLKH) Setup time, sdmmc1_cmd valid before 6.0 6.0 ns
sdmmc1_clk rising clock edge

SD4 th(clkH-CMDIV) Hold time, sdmmc1_cmd valid after 19.2 19.2 ns
sdmmcl_clk rising clock edge

SD7 tsu(datv-CLKH) Setup time, sdmmc1_dat[n:0] valid before 6.0 6.0 ns
sdmmc1_clk rising clock edge

SD8 th(clkH-datIV) Hold time, sdmmc1_dat[n:0] valid after 19.2 19.2 ns
sdmmcl_clk rising clock edge

MMC/SD/SDIO 1 Interface (3.3-V 10) Standard SD Mode

SD3 tsu(CMDV-CLKH) Setup time, sdmmc1_cmd valid before 6.0 6.0 ns
sdmmc1_clk rising clock edge

SD4 th(clkH-CMDIV) Hold time, sdmmc1_cmd valid after 19.2 19.2 ns
sdmmcl_clk rising clock edge

SD7 tsu(datv-CLKH) Setup time, sdmmc1_dat[n:0] valid before 6.0 6.0 ns
sdmmc1_clk rising clock edge

SD8 th(clkH-datIV) Hold time, sdmmc1_dat[n:0] valid after 19.2 19.2 ns
sdmmcl_clk rising clock edge

(1) In sdmmcl_dat[n:0], nupto 7
(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-189. MMC/SD/SDIO 1 Interface Switching Cha
Mode®®®

r%cteristics—SD Identification and Standard SD

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

SD Identification Mode

SD1 1/ te Frequency, sdmmc1_clk 0.4 0.4 MHz

SD2 t(clk) Pulse duration, sdmmc1_clk high or low 0.45*P@ | 0.55*P@ | 0.45*P@ | 0.55+PR ns

SD5 ta(clkH-cMDT) Delay time, sdmmc1_clk rising clock edge to 6.5 2492.5 6.5 2492.5 ns
sdmmcl_cmd transition

MMC/SD/SDIO 1 Interface (1.8-V 10) Standard SD Mode

SD1 1/ e Frequency, sdmmcl_clk 24 24 MHz

SD2 tw(clk) Pulse duration, sdmmc2_clk high or low 0.45P@ | 0.55P@ | 0.45*P@ | 0.55PR ns

SD5 ta(clkH-CMD) Delay time, sdmmcl_clk rising clock edge to 6.3 35.3 6.3 35.3 ns
sdmmcl_cmd transition

SD6 ta(clkH-dat) Delay time, sdmmc1_clk rising clock edge to 6.3 35.3 6.3 35.3 ns
sdmmcl_dat[n:0] transition

MMC/SD/SDIO 1 Interface (3.3-V 10) Standard SD Mode

SD1 1/ e Frequency, sdmmcl_clk 24 24 MHz

SD2 tw(clk) Pulse duration, sdmmc2_clk high or low 0.45P@ | 0.55P@ | 0.45*P@ | 0.55PR ns

SD5 ta(clkH-CMD) Delay time, sdmmcl_clk rising clock edge to 6.3 35.3 6.3 35.3 ns
sdmmcl_cmd transition
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Table 6-189. MMC/SD/SDIO 1 Interface Switching Characteristics—SD Identification and Standard SD

Mode®®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
SD6 td(clkH-dat) Delay time, sdmmc1_clk rising clock edge to 6.3 35.3 6.3 35.3 ns
sdmmcl_dat[n:0] transition

(1) Related to the output sdmmc1_clk maximum and minimum frequency.

(2) P = output sdmmc1_clk period in ns

(3) In sdmmcl_dat[n:0], nup to 7

(4) See DM Operating Condition Addendum for CORE OPP voltages.

SD1 SD2
sdmmcl ck [ \ |
SD5 SD5
sdmmc1_cmd X X
SD6 SD6
sdmmc1_dat{n:0] X X

(1) In sdmmcl_dat[n:0], nupto 7

sdmmc1_clk

sdmmc1_cmd

sdmmc1_dat[n:0]

SWPS040-073

Figure 6-111. MMC/SD/SDIO 1 Interface—SD Identification and Standard SD—Transmitter Mode™

SD1 SD2
— \ | S
} SD3 SD4 }
X X
e sD7 SD8 !
X A

(1) In sdmmcl_dat[n:0], nup to 7

6.7.1.1.2 MMC/SD/SDIO 1 Interface—High-Speed SD Mode

SWPS040-074

Figure 6-112. MMC/SD/SDIO 1 Interface—SD Identification and Standard SD—Receiver Mode™

Table 6-191 and Table 6-192 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-113 and Figure 6-114).

Table 6-190. MMC/SD/SDIO 1 Interface Timing Conditions—High-Speed SD Mode®@®®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX

Input Conditions
MMC/SD/SDIO 1 Interface (1.8-V 10) High-Speed SD Mode
tr Input signal rise time 1091 4284 ps
te Input signal fall time 1091 4284 ps
MMC/SD/SDIO 1 Interface (3.3-V 10) High-Speed SD Mode
tr Input signal rise time 1345 5283 ps
te Input signal fall time 1345 5283 ps
PCB Conditions

Number of external peripherals 1

Far end load 10 pF

Trace length 10 cm
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Table 6-190. MMC/SD/SDIO 1 Interface Timing Conditions—High-Speed SD Mode®®@®® (continued)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Characteristics impedance SanDisk Extreme Il cards 45 55 Q
Other card types 20 70

@

@
®

4)

10 settings: SPEEDCTRL =1
For more information, see

— The Control Module Functional Description / Extended-Drain I/O and PBIAS Cell / Extended-Drain /O section or

—  The Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity Parameter Control
Registers with Pad Group Assighnment / Device Interfaces Signal Group Controls Mapping section

of the OMAP4430 TRM.

In this table the rise and fall times are calculated for the V,_/ V|4 described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-191. MMC/SD/SDIO 1 Interface Timing Requirements—High-Speed SD Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
MMC/SD/SDIO 1 Interface (1.8-V 10) High-Speed SD Mode
HSSDR253 | ts,(cMDV-CLKH) Setup time, sdmmc1_cmd valid before 4.6 4.6 ns
sdmmcl_clk rising clock edge
HSSDR254 | thcikH-cMDIV) Hold time, sdmmcl_cmd valid after sdmmc1_clk 2.1 2.1 ns
rising clock edge
HSSDR257 | tsy(datv-cLKH) Setup time, sdmmc1_dat[n:0] valid before 4.6 4.6 ns
sdmmcl_clk rising clock edge
HSSDR258 | th(cikH-dativ) Hold time, sdmmc1_dat[n:0] valid after 2.1 2.1 ns
sdmmcl_clk rising clock edge
MMC/SD/SDIO 1 Interface (3.3-V 10) High-Speed SD Mode
HSSDR253 | ts(cMDV-CLKH) Setup time, sdmmc1_cmd valid before 4.6 4.6 ns
sdmmcl_clk rising clock edge
HSSDR254 | thcikH-cMDIV) Hold time, sdmmcl_cmd valid after sdmmc1_clk 2.1 2.1 ns
rising clock edge
HSSDR257 | tsy(datv-cLKH) Setup time, sdmmc1_dat[n:0] valid before 4.6 4.6 ns
sdmmcl_clk rising clock edge
HSSDR258 | th(cikH-dativ) Hold time, sdmmc1_dat[n:0] valid after 2.1 2.1 ns
sdmmcl_clk rising clock edge
(1) In sdmmcl_dat[n:0], nupto 7
(2) See DM Operating Condition Addendum for CORE OPP voltages.
Table 6-192. MMC/SD/SDIO 1 Interface Switching Characteristics—High-Speed SD Mode®®
NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
MMC/SD/SDIO 1 Interface (1.8-V 10) High-Speed SD Mode
HSSDR251 |1/ te(cik Frequency®, output sdmmc1_clk 48 48 MHz
HSSDR252 | tycikn) Typical pulse duration, output sdmmc1_clk high 0.5*P@ 0.5*P@ ns
HSSDR252 | tyy(cii) Typical pulse duration, output sdmmc1_clk low 0.5*p®@ 0.5*p®@ ns
tac(clk) Duty cycle error, output sdmmc1_clk -1042 1042 -1042 1042 ps
ti(clky Jitter standard deviation®, output sdmmc1_clk -65 65 -65 65 ps
tR(clk) Rise time, output sdmmc1_clk 2750 2750 ps
tr(clk) Fall time, output sdmmc1_clk 2750 2750 ps
HSSDR255 taeikL-dovy | Delay time, sdmmcl_clk rising clock edge to 4.5 12.4 4.5 12.4 ns
sdmmcl_cmd transition
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Table 6-192. MMC/SD/SDIO 1 Interface Switching Characteristics—High-Speed SD Mode™® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
tR(do) Rise time, output sdmmc1_cmd 2750 2750 ps
tF(do) Fall time, output sdmmc1_cmd 2750 2750 ps
HSSDR256 teikL-dovy | Delay time, sdmmcl_clk rising clock edge to 4.5 12.4 4.5 12.4 ns
sdmmcl_daty transition
tR(do) Rise time, output sdmmcl_dat[n:0] 2750 2750 ps
tr(do) Fall time, output sdmmc1_dat[n:0] 2750 2750 ps
MMC/SD/SDIO 1 Interface (3.3-V 10) High-Speed SD Mode
HSSDR251 | 1/ te Frequency™®, output sdmmc1_clk 48 48 MHz
HSSDR252 | tyeiks) Typical pulse duration, output sdmmc1_clk high 0.5+p®@ 0.5+p®@ ns
HSSDR252 | tyy(cii) Typical pulse duration, output sdmmc1_clk low 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output sdmmcl_clk -1042 1042 -1042 1042 ps
i(clk) Jitter standard deviation®, output sdmmc1_clk -65 65 -65 65 ps
tR(clk) Rise time, output sdmmcl_clk 3012 3012 ps
tr(cik) Fall time, output sdmmc1_clk 3012 3012 ps
HSSDR255 | tyciki-dovy | Delay time, sdmmcl_clk rising clock edge to 45 12.4 4.5 12.4 ns
sdmmcl_cmd transition
tR(do) Rise time, output sdmmc1_cmd 3012 3012 ps
tF(do) Fall time, output sdmmc1_cmd 3012 3012 ps
HSSDR256 tyeikL-dovy | Delay time, sdmmcl_clk rising clock edge to 4.5 12.4 4.5 12.4 ns
sdmmcl_daty transition
tR(do) Rise time, output sdmmcl_dat[n:0] 3012 3012 ps
tr(do) Fall time, output sdmmc1_dat[n:0] 3012 3012 ps
(1) Related to the output sdmmcl_clk maximum and minimum frequency.
(2) P = output sdmmc1_clk period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmcl_dat[n:0], nupto 7
(5) See DM Operating Condition Addendum for CORE OPP voltages.
HSSDR251
HSSDR252 HSSDR252
sdmmc1_clk / \ / \
HSSDR255 HSSDR255
sdmmc1_cmd X X
HSSDR256 HSSDR256
sdmmc1_dat[n:0] X X

SWPS040-075

Figure 6-113. MMC/SD/SDIO 1 Interface—High-Speed SD Mode—Transmitter Mode®

(1) In sdmmcl_dat[n:0], nup to 7
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HSSDR251
’7HSSDR252—>7HSSDR252—+

sdmmc1_clk / \ / \
|<—HSSDR253—<>—HSSDR254—-|

X X
|<—HSSDR257—<>—HSSDR258——|
X X

sdmmc1_cmd

sdmmc1_dat[n:0]

SWPS040-076

Figure 6-114. MMC/SD/SDIO 1 Interface—High-Speed SD Mode—Receiver Mode®

In sdmmc1_dat[n:0], nup to 7

6.7.1.1.3 MMC/SD/SDIO 1 Interface—High-Speed SDR50 Mode

Table 6-194 and Table 6-195 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-115 through Figure 6-116).

Table 6-193. MMC/SD/SDIO 1 Interface Timing Conditions—High-Speed SDR50 ModeY@®))

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX
Input Conditions
tr Input signal rise time 1091 4284 ps
te Input signal fall time 1091 4284 ps
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance SanDisk Extreme Ill cards 45 55 Q
Other card types 20 70

()

@)
®)

4)

10 settings: SPEEDCTRL =1
For more information, see

— The Control Module Functional Description / Extended-Drain I/O and PBIAS Cell / Extended-Drain /O section or

— The Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity Parameter Control
Registers with Pad Group Assignment / Device Interfaces Signal Group Controls Mapping section

of the OMAP4430 TRM.

In this table the rise and fall times are calculated for the V,_/ V|4 described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-194. MMC/SD/SDIO 1 Interface Timing Requirements—High-Speed SDR50 Mode®®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

MMC/SD/SDIO 1 Interface (1.8-V 10)

HSSDRS503 | tsycmdv-clkH) Setup time, sdmmc1_cmd valid before 6 21.6 ns

sdmmcl_clk rising clock edge

HSSDR504 | th(clkH-cmdv) Hold time, sdmmcl_cmd valid after sdmmc1_clk 1.2 1.2 ns

rising clock edge

HSSDRS507 | tsydv-clkH) Setup time, sdmmc1_dat[n:0] valid before 6 21.6 ns

sdmmcl_clk rising clock edge

HSSDR508 | th(cikH-dv) Hold time, sdmmcl_dat[n:0] valid after 1.2 1.2 ns

sdmmcl_clk rising clock edge

366

Timing Requirements and Switching Characteristics
Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Copyright © 2010-2012, Texas Instruments Incorporated


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

Public Version

13 TEXAS
INSTRUMENTS OMAP4430
www.ti.com SWPS041D -DECEMBER 2010-REVISED JANUARY 2012

(1) In sdmmcl_dat[n:0], nup to 7
(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-195. MMC/SD/SDIO 1 Interface Switching Characteristics—High-Speed SDR50 Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
MMC/SD/SDIO 1 Interface (1.8-V 10)
HSSDR501 | 1/ te(ciky Frequency™® output sdmmc1_clk 64 32 MHz
HSSDR502 | tyciki) Pulse duration, output sdmmc1_clk low 0.5*p®@ 0.5*p®@ ns
HSSDR502 | ty(ciki) Pulse duration, output sdmmc1_clk high 0.5*p®@ 0.5*p®@ ns
tac(clk) Duty cycle error, output sdmmc1_clk -781 781 -1563 1563 ps
ti(clk) Jitter standard deviation®, output sdmmc1_clk -65 65 -65 65 ps
tR(clk) Rise time, output sdmmc1_clk 2750 2750 ps
tr(cik) Fall time, output sdmmc1_clk 2750 2750 ps
HSSDRS505 | ty(cikH-cmdv) Delay time, output sdmmc1_clk rising clock edge 2.7 10.8 2.7 26.4 ns
to output sdmmcl_cmd valid
HSSDR506 | ty(cikt-dov) Delay time, output sdmmc1_clk rising clock edge 2.7 10.8 2.7 26.4 ns
to sdmmc1_dat[n:0] valid
tR(cmd) Rise time, output sdmmc1_cmd 2750 2750 ps
tr(cma) Fall time, output sdmmc1_cmd 2750 2750 ps
tr(DO) Rise time, output sdmmc1_dat[n:0] 2750 2750 ps
tr(do) Fall time, output sdmmc1_dat[n:0] 2750 2750 ps
(1) Related to the output sdmmc1_clk maximum and minimum frequency.
(2) P = output sdmmc1_clk period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmcl_dat[n:0], nup to 7
(5) See DM Operating Condition Addendum for CORE OPP voltages.
HSSDR501
HSSDR502 HSSDR502
sdmmel ok [ \ / -
HSSDR505 HSSDR505
sdmmc1_cmd X X
HSSDR506 HSSDR506
sdmmc1_dat[n:0] X X

SWPS040-077

Figure 6-115. MMC/SD/SDIO 1 Interface—High-Speed SDR50—Transmitter Mode®

(1) In sdmmcl_dat[n:0], nup to 7

HSSDR501
HSSDR502 HSSDR502
sdmmet ck —/ \ / -
e——— HSSDR503 ———<— HSSDR504 —*]

sdmmc1_cmd X X
|e—— HsSDR507 ——+—— HSSDR508 —*|
X X

sdmmc1_dat[n:0]

SWPS040-078

Figure 6-116. MMC/SD/SDIO 1 Interface—High-Speed SDR50—Receiver Mode®

(1) In sdmmcl_dat[n:0], nup to 7
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6.7.1.1.4 MMC/SD/SDIO 1 Interface—High-Speed SD Mode—DDR50

Table 6-197 and Table 6-198 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-117 through Figure 6-118).

Table 6-196. MMC/SD/SDIO 1 Interface Timing Conditions—High-Speed SD Mode—DDR50M@)®)®#)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 700 2750 ps
tr Input signal fall time 700 2750 ps
PCB Conditions
Number of external peripherals 1
Far end load 10 pF
Trace length 10 cm
Characteristics impedance SanDisk Extreme Il cards 45 55 Q
Other card types 20 70

(1) 10 settings: SPEEDCTRL =1
For more information, see

— The Control Module Functional Description / Extended-Drain I/O and PBIAS Cell / Extended-Drain /O section or

—  The Control Module / Control Module Functional Description / Functional Register Description / Signal Integrity Parameter Control
Registers with Pad Group Assighment / Device Interfaces Signal Group Controls Mapping section

of the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for the V,_/ V| described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

(3) For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-197. MMC/SD/SDIO 1 Interface Timing Requirements—High-Speed SD Mode—DDR50M®?)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

MMC/SD/SDIO 1 Interface (1.8-V 10)

HSSD3 tsu(emdv-clkH) Setup time, sdmmc1_cmd valid before 5 25.3 ns
sdmmcl_clk rising clock edge

HSSD4 th(clkH-cmdv) Hold time, sdmmcl_cmd valid after 2 1.1 ns
sdmmcl_clk rising clock edge

HSSD7 tsu(dv-clkH) Setup time, sdmmc1_dat[n:0] valid before 0.9 10.2 ns
sdmmcl_clk rising clock edge

HSSD8 th(clkH-dv) Hold time, sdmmc1_dat[n:0] valid after 11.6 20.6 ns
sdmmcl_clk rising clock edge

(1) In sdmmcl_dat[n:0], nupto 7
(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-198. MMC/SD/SDIO 1 Interface Switching Characteristics—High-Speed SD Mode—DDR50*®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MN [ MAX
MMC/SD/SDIO 1 Interface (1.8-V 10)

HSSDO 1/t Frequency™® output sdmmc1_clk 48 24 MHz
HSSD1 t(cikL) Pulse duration, output sdmmc1_clk low 0.5*P@ 0.5*P@ ns
HSSD2 t(clkH) Pulse duration, output sdmmc1_clk high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle error, output sdmmc1_clk =521 521 -1042 1042 ps
ti(clk) Jitter standard deviation®®, output sdmmc1_clk 65 65 ps
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Table 6-198. MMC/SD/SDIO 1 Interface Switching Characteristics—High-Speed SD
Mode—DDR50“®) (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
tR(clk) Rise time, output sdmmc1_clk 2750 2750 ps
tF(clk) Fall time, output sdmmc1_clk 2750 2750 ps
HSSD5 ta(cikr-cmdv) | Delay time, output sdmmcl_clk rising clock edge 2.3 14.1 3.3 33.9 ns
to output sdmmcl_cmd valid
HSSD6 tacikH-dovy | Delay time, output sdmmc1_clk rising clock edge -7.3 6.3 -16.2 15.2 ns
to sdmmc1l_dat[n:0] valid
tR(cmd) Rise time, output sdmmc1_cmd 2750 2750 ps
tr(cmd) Fall time, output sdmmc1_cmd 2750 2750 ps
tr(DO) Rise time, output sdmmc1_dat[n:0] 2750 2750 ps
tro) Fall time, output sdmmc1_dat[n:0] 2750 2750 ps

(1) Related to the output sdmmc1_clk maximum and minimum frequency.

(2) P = output sdmmcl_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmcl_dat[n:0], nupto 7

(5) See DM Operating Condition Addendum for CORE OPP voltages.

HSSDO »>
NS >
HSSD1 > HSSD2
sdmmc1_clk / \ /

L——] HssD5MIN)
) S

sdmmc1_cmd

HSSD6(MAX) HSSD6(MAX)
HSSDG(MIN:.‘ HSSDG(Mlﬂ
sdmmc1_dat[n:0]
SWPS040-079
Figure 6-117. MMC/SD/SDIO 1 Interface—High-Speed SD—DDR50—Data/Command Transmit®®)

(1) In sdmmcl_dat[n:0], nupto 7
(2) For further details about the registers used to configure SDMMC in DDR mode, please see the OMAP4430 TRM.

HSSDO
HSSD1 + HSSD2

sdmmc1_clk / \ /

HSSD3 ———»| HSSD4
sdmmc1_cmd _
HSSD7 HSSD7
—-| HSSD8 ——| HSSD8
SWPS040-080

Figure 6-118. MMC/SD/SDIO 1 Interface—High-Speed SD—DDR50—Data/Command Receive®®

sdmmc1_dat[n:0]

(1) In sdmmcl_dat[n:0], nup to 7
(2) For further details about the registers used to configure SDMMC in DDR mode, please see the OMAP4430 TRM.
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6.7.1.2 MMC/SD/SDIO 2 Interface

6.7.1.2.1 MMC/SD/SDIO 2 Interface—eMMC—High-Speed SDR JC64 Mode

Table 6-200 and Table 6-201 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-119 and Figure 6-120).

Table 6-199. MMC/SD/SDIO 2 Interface Timing Conditions—High-Speed SDR JC64 Mode®@®®©)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX

For balls: AE5/ AF5/ AE4 / AF4/ AG3/ AF3/AD2/ AD3/AD4 / AC2 (Mux Mode 5)

Input Conditions

tr

Input signal rise time 0.15 0.98 ns

te

Input signal fall time 0.15 0.98 ns

For balls: C12/D12/C13/D13/C15/D15/A16/B16/B11/B12 (Mux Mode 1)

Input Conditions

tr

Input signal rise time 0.11 1.01 ns

te

Input signal fall time 0.12 1.01 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 55 Q

M

@

®
4)

®)

10 settings (Balls: AE5 / AF5 / AE4 | AF4 | AG3 / AF3 / AD2 / AD3 / AD4 / AC2 (Mux Mode 5)): LBO = 1 and MB[1:0] = 11.

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50Q Output Buffer I/Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

10 settings (Balls: C12 /D12 /C13/D13/C15/ D15/ A16/B16 / B11 / B12 (Mux Mode 1)): LBO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

In this table the rise and fall times are calculated for the V,_/ V|4 described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-200. MMC/SD/SDIO 2 Interface Timing Requirements—High-Speed SDR JC64 Mode™®

NO. PARAMETER OPP100 OPP50 UNIT

MIN | MAX MIN MAX

For balls: AE5/ AF5/ AE4 / AF4/ AG3/ AF3/AD2/ AD3/AD4 / AC2 (Mux Mode 5)

MMC3 tsu(emadv-clkH) Setup time, sdmmc2_cmd valid before 6 6 ns

sdmmc2_clk rising clock edge

MMC4 th(clkH-cmdv) Hold time, sdmmc2_cmd valid after 1.6 1.6 ns

sdmmc2_clk rising clock edge

MMC7 tsu(dv-clkH) Setup time, sdmmc2_dat[n:0] valid before 6 6 ns

sdmmc2_clk rising clock edge

MMC8 th(clkH-dv) Hold time, sdmmc2_dat[n:0] valid after 1.6 1.6 ns

sdmmc2_clk rising clock edge

For balls: C12/D12/C13/D13/C15/D15/A16/B16/B11/B12 (Mux Mode 1)

MMC3 tsu(emadv-clkH) Setup time, sdmmc2_cmd valid before 5.6 5.6 ns

sdmmc2_clk rising clock edge

MMC4 th(clkH-cmdv) Hold time, sdmmc2_cmd valid after 2.0 2.0 ns

sdmmc2_clk rising clock edge

MMC7 tsu(dv-clkH) Setup time, sdmmc2_dat[n:0] valid before 5.6 5.6 ns

sdmmc2_clk rising clock edge
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Table 6-200. MMC/SD/SDIO 2 Interface Timing Requirements—High-Speed SDR JC64
Mode®™®@ (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
MMC8 th(clkH-dv) Hold time, sdmmc2_dat[n:0] valid after 2.0 2.0 ns
sdmmc2_clk rising clock edge

(1) In sdmmc2_dat[n:0], nupto 7
(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-201. MMC/SD/SDIO Interface 2 Switching Characteristics—High-Speed SDR JC64 Mode®®)®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
For balls: AE5/ AF5/AE4 / AF4/ AG3/ AF3/AD2/ AD3/ AD4 / AC2 (Mux Mode 5)
MMC1 1/ tegei Frequency® output sdmmc2_clk 48 48 MHz
MMC2 t(clkL) Pulse duration, output sdmmc2_clk low 0.5*P@ 0.5*P@ ns
MMC2 t(clkH) Pulse duration, output sdmmc2_clk high 0.5*P@ 0.5*P@ ns
tdc(clk) Duty cycle error, output sdmmc2_clk -1042 1042 -1042 1042 ps
ti(clk) Jitter standard deviation®), output sdmmc2_clk -65 65 -65 65 ps
tR(clk) Rise time, output sdmmc2_clk 2263 2263 ps
tr(clk) Fall time, output sdmmc2_clk 2136 2136 ps
MMC5 td(clkH-cmdv) Delay time, sdmmc2_clk rising clock edge to 3.5 17 35 17 ns
sdmmc2_cmd transition
tR(cmd) Rise time, output sdmmc2_cmd 2263 2263 ps
trcmd) Fall time, output sdmmc2_cmd 2136 2136 ps
MMC6 td(clkH-dov) Delay time, sdmmc2_clk rising clock edge to 35 17 35 17 ns
sdmmc2_dat[n:0] transition
tr(DO) Rise time, output sdmmc2_dat[n:0] 2263 2263 ps
tr(do) Fall time, output sdmmc2_dat[n:0] 2136 2136 ps
For balls: C12/D12/C13/D13/C15/D15/A16/B16 /B11/B12 (Mux Mode 1)
MMC1 1/ tegei Frequency® output sdmmc2_clk 48 48 MHz
MMC2 tw(clkL) Pulse duration, output sdmmc2_clk low 0.5*P@ 0.5*P@ ns
MMC2 t(clkH) Pulse duration, output sdmmc2_clk high 0.5*P@ 0.5*P@ ns
tdc(clk) Duty cycle error, output sdmmc2_clk -1042 1042 -1042 1042 ps
ti(clk) Jitter standard deviation®), output sdmmc2_clk -65 65 -65 65 ps
tR(clk) Rise time, output sdmmc2_clk 2263 2263 ps
tr(clk) Fall time, output sdmmc2_clk 2136 2136 ps
MMC5 ta(clkH-cmdv) Delay time, sdmmc2_clk rising clock edge to 35 16.9 35 16.9 ns
sdmmc2_cmd transition
tR(cmd) Rise time, output sdmmc2_cmd 2263 2263 ps
trcmd) Fall time, output sdmmc2_cmd 2136 2136 ps
MMC6 td(clkH-dov) Delay time, sdmmc2_clk rising clock edge to 35 16.9 35 16.9 ns
sdmmc2_dat[n:0] transition
tr(DO) Rise time, output sdmmc2_dat[n:0] 2263 2263 ps
tF(do) Fall time, output sdmmc2_dat[n:0] 2136 2136 ps

(1) Related to the output sdmmcx_clk maximum and minimum frequency.

(2) P = output sdmmc2_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmc2_dat[n:0], nup to 7

(5) In this section, the MMC/SD/SDIO output data and command signals are driven on the falling clock edge.
In this case, the MMCHS_HCTL[2] HSPE bit is set to 0. The controller is by default in this mode to maximize hold timings.
For more information, see MMC/SD/SDIO / MMC/SD/SDIO Functional Description / Output Signals Generation / Generation on Falling
Edge of MMC Clock section of the OMAP4430 TRM.

Copyright © 2010-2012, Texas Instruments Incorporated

Timing Requirements and Switching Characteristics

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

371

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—-REVISED JANUARY 2012 www.ti.com

(6) See DM Operating Condition Addendum for CORE OPP voltages.

MMCH1

‘ | MMC2 MMC2 —>|
sdmmc2_clk / \ / -

MMC5 ——| S MMCS—>|

MMC6 ,} L MMCS6 —>|
sdmmc2_dat[n:0] Y  S—

SWPS040-081

Figure 6-119. MMC/SD/SDIO 2 Interface—High-Speed SDR JC64—Transmitter Mode®

sdmmc2_cmd

(1) In sdmmc2_dat[n:0], nupto 7

(2) In this section, the MMC/SD/SDIO output data and command signals are driven on the falling clock edge.
In this case, the MMCHS_HCTL[2] HSPE bit is set to 0. The controller is by default in this mode to maximize hold timings.
For more information, see MMC/SD/SDIO / MMC/SD/SDIO Functional Description / Output Signals Generation / Generation on Falling
Edge of MMC Clock section of the OMAP4430 TRM.

MMC1
| MMC2 MMC2 —>|
sdmmc2_clk [ \ / \

|<7MMC3 —<>—MMC4—>|
sdmmc2_cmd T X ) —

|-— MMC7———— < MMCS8 ——|
sdmmc2_dat[n:0] T Y S

SWPS040-082

Figure 6-120. MMC/SD/SDIO 2 Interface—High-Speed SDR JC64—Receiver Mode®

(1) In sdmmc2_dat[n:0], nupto 7

6.7.1.2.2 MMC/SD/SDIO 2 Interface—eMMC—High-Speed DDR JC64 Mode

Table 6-203 and Table 6-204 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-121 and Figure 6-122).

Table 6-202. MMC/SD/SDIO 2 Interface Timing Conditions—High-Speed DDR JC64 Mode®?E)#)E®)

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX

For Balls: AE5/ AF5/ AE4 /| AF4/ AG3/ AF3/ AD2/ AD3/ AD4 / AC2 (Mux Mode 5)
Input Conditions

tr Input command signal rise time 0.15 0.98 ns
te Input command signal fall time 0.15 0.98 ns
tr Input data signal rise time 0.15 0.98 ns
te Input data signal fall time 0.15 0.98 ns

For Balls: C12/D12/C13/D13/C15/D15/A16/B16 /B11/B12 (Mux Mode 1)
Input Conditions

tr Input command signal rise time 0.11 1.01 ns
te Input command signal fall time 0.12 1.01 ns
tr Input data signal rise time 0.11 1.01 ns
te Input data signal fall time 0.12 1.01 ns

PCB Conditions
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Table 6-202. MMC/SD/SDIO 2 Interface Timing Conditions—High-Speed DDR JC64
ModeW@E®O) (continued)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Number of external peripherals
Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 55 Q

(€0

@

®
4)

10 settings (Balls: AE5 / AF5 / AE4 | AF4 | AG3 / AF3/ AD2 / AD3 / AD4 / AC2 (Mux Mode 5)): LBO = 1 and MB[1:0] = 11.

For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50Q Output Buffer I/0Os with Combined Mode and Load Settings section of
the OMAP4430 TRM.

10 settings (Balls: C12 /D12 /C13/D13/C15/ D15/ A16/ B16 / B11 / B12 (Mux Mode 1)): LBO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

In this table the rise and fall times are calculated for the V,_/ V|4 described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

(5) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-203. MMC/SD/SDIO 2 Interface Timing Requirements—High-Speed DDR JC64 Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MN | mMAX | MIN | wmAX

For Balls: AE5/ AF5/ AE4 /| AF4/ AG3/ AF3/AD2/ AD3/ AD4 / AC2 (Mux Mode 5)

DDReMMC3 tsu(dv-clkH) Setup time, input sdmmc2_cmd valid before 5.5 26 ns
sdmmc2_clk rising clock edge

DDReMMC4 thiclkH-dv) Hold time, output sdmmc2_cmd valid after 2.4 1.9 ns
sdmmc2_clk rising clock edge

DDReMMC7 tsu(dv-clkH) Setup time, input sdmmc2_dat[n:0] valid before 0.9 9.9 ns
sdmmc2_clk rising clock edge

DDReMMC8 thiclkH-dv) Hold time, output sdmmc2_dat[n:0] valid after 1.4 0.9 ns
sdmmc2_clk rising clock edge

For balls: C12/D12/C13/D13/C15/D15/A16/B16/B11/B12 (Mux Mode 1)

DDReMMC3 tsu(dv-clkH) Setup time, input sdmmc2_cmd valid before 5.5 26 ns
sdmmc2_clk rising clock edge

DDReMMC4 thiclkH-dv) Hold time, output sdmmc2_cmd valid after 2.4 1.9 ns
sdmmc2_clk rising clock edge

DDReMMC7 tsu(dv-clkH) Setup time, input sdmmc2_dat[n:0] valid before 1.4 104 ns
sdmmc2_clk rising clock edge

DDReMMC8 thiclkH-dv) Hold time, output sdmmc2_dat[n:0] valid after 0.9 0.4 ns
sdmmc2_clk rising clock edge

(1) In sdmmc2_dat[n:0], nupto 7

(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-204. MMC/SD/SDIO 2 Interface Switching Characteristics—High-Speed DDR JC64 Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MN | mMAX | MIN | wmAX
For balls: AE5/ AF5/AE4 / AF4/ AG3/ AF3/AD2/AD3/ AD4 / AC2 (Mux Mode 5)
DDReMMC1 | 1/ ty Frequency® output sdmmc2_clk 48 24 MHz
DDReMMC2 | tyy(it) Pulse duration, output sdmmc2_clk low 0.5p®@ 0.5*p®@ ns
DDReMMC2 | ty(akn) Pulse duration, output sdmmc2_clk high 0.5p®@ 0.5*p®@ ns
tac(clk) Duty cycle error, output sdmmc2_clk -1042 1042 —2083 2083 ps
tcclk) Jitter standard deviation®®, output sdmmc2_clk -65 65 -65 65 ps
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Table 6-204. MMC/SD/SDIO 2 Interface Switching Characteristics—High-Speed DDR JC64

Mode™® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
tR(clk) Rise time, output sdmmc2_clk 2263 2263 ps
tr(cik) Fall time, output sdmmc2_clk 2136 2136 ps
DDReMMC5 ta(clkH-cmdv) Delay time, sdmmc2_clk rising clock edge to 3.6 16.9 4 37.3 ns
sdmmc2_cmd transition
tR(cmd) Rise time, output sdmmc2_cmd 2263 2263 ps
tr(emd) Fall time, output sdmmc2_cmd 2136 2136 ps
DDReMMC6 ta(clkH-dov) Delay time, sdmmc2_clk rising clock edge to 3.1 6 35 15 ns
sdmmc2_dat[n:0] transition
tr(DO) Rise time, output sdmmc2_dat[n:0] 2263 2263 ps
tr(do) Fall time, output sdmmc2_dat[n:0] 2136 2136 ps
For balls: C12/D12/C13/D13/C15/D15/A16/B16/B11/B12 (Mux Mode 1)
DDReMMC1 | 1/ ty Frequency® output sdmmc2_clk 48 24 MHz
DDReMMC2 | ty(ii) Pulse duration, output sdmmc2_clk low 0.5p®@ 0.5*p®@ ns
DDReMMC2 | ty(aikn) Pulse duration, output sdmmc2_clk high 0.5p®@ 0.5*p®@ ns
tac(clk) Duty cycle error, output sdmmc2_clk -1042 1042 —2083 2083 ps
ticclk) Jitter standard deviation®®, output sdmmc2_clk -65 65 -65 65 ps
tR(clk) Rise time, output sdmmc2_clk 2263 2263 ps
tr(cik) Fall time, output sdmmc2_clk 2136 2136 ps
DDReMMC5 ta(clkH-cmdv) Delay time, sdmmc2_clk rising clock edge to 3.6 16.9 4 37.3 ns
sdmmc2_cmd transition
tR(cmd) Rise time, output sdmmc2_cmd 2263 2263 ps
tr(emd) Fall time, output sdmmc2_cmd 2136 2136 ps
DDReMMC6 ta(clkH-dov) Delay time, sdmmc2_clk rising clock edge to 3.1 6 35 15 ns
sdmmc2_dat[n:0] transition
tr(DO) Rise time, output sdmmc2_dat[n:0] 2263 2263 ps
troo) Fall time, output sdmmc2_dat[n:0] 2136 2136 ps
(1) Related to the output sdmmc2_clk maximum and minimum frequency.
(2) P = output sdmmc2_clk period in ns
(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmc2_dat[n:0], nupto 7
(5) See DM Operating Condition Addendum for CORE OPP voltages.
DDReMMC1 ————————————»
—— DDReMMC2 ——»—— DDReMMC2 ——»|
sdmmc2_clk / \ / \

sdmmc2_cmd

sdmmc2_dat[n:0]

(1) In sdmmc2_dat[n:0], nup to 7
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Figure 6-121. MMC/SD/SDIO 2 Interface—High-Speed DDR JC64—Receiver Mode®
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Figure 6-122. MMC/SD/SDIO 2 Interface—High-Speed DDR JC64—Transmitter Mode®

(1) In sdmmc2_dat[n:0], nupto 7

6.7.1.2.3 MMC/SD/SDIO 2 Interface—eMMC—Standard SDR JC64 Mode

Table 6-206 and Table 6-207 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-123 and Figure 6-124).

Table 6-205. MMC/SD/SDIO 2 Interface Timing Conditions—Standard SDR JC64 Mode®@®®)

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX
Input Conditions
tr Input signal rise time 0.2 10 ns
te Input signal fall time 0.2 10 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 55 Q

(1) 10 settings (Balls: C12 /D12 /C13/D13/C15/ D15/ Al16 /B16 / B11/B12 (Mux Mode 1)): LBO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment section of the OMAP4430 TRM.

(2) In this table the rise and fall times are calculated for the V,_/ V| described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

(3) For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-206. MMC/SD/SDIO 2 Interface Timing Requirements—Standard SDR JC64 Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

MMC3 tsu(emdv-clkH) Setup time, sdmmc2_cmd valid before 3.5 3.5 ns
sdmmc2_clk rising clock edge

MMC4 th(clkH-cmdv) Hold time, sdmmc2_cmd valid after 8 8 ns
sdmmc2_clk rising clock edge

MMC7 tsu(dv-clkH) Setup time, sdmmc2_dat[n:0] valid before 3.5 3.5 ns
sdmmc2_clk rising clock edge

MMC8 th(clkH-dv) Hold time, sdmmc2_dat[n:0] valid after 8 8 ns

sdmmc2_clk rising clock edge
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(1) In sdmmc2_dat[n:0], nup to 7
(2) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-207. MMC/SD/SDIO 2 Interface Switching Characteristics—Standard SDR JC64 Mode®®)(®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
MMC1 1/ o Frequency™® output sdmmc2_clk 24 24 MHz
MMC2 t(clkL) Pulse duration, output sdmmc2_clk low 0.5*p®@ 0.5*p®@ ns
MMC2 tyy(clkH) Pulse duration, output sdmmc2_clk high 0.5*p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output sdmmc2_clk -2083 2083 -2083 2083 ps
ti(clk) Jitter standard deviation®, output sdmmc2_clk |  —400 400 —400 400 ps
tR(clk) Rise time, output sdmmc2_clk 7000 7000 ps
tr(cik) Fall time, output sdmmc2_clk 7000 7000 ps
MMC5 ta(clkH-cmdv) Delay time, sdmmc2_clk rising clock edge to 4.1 37.2 4.1 37.2 ns
sdmmc2_cmd transition
tr(cmd) Rise time, output sdmmc2_cmd 7000 7000 ps
tr(ema) Fall time, output sdmmc2_cmd 7000 7000 ps
MMC6 ta(clkH-dov) Delay time, sdmmc2_clk rising clock edge to 4.1 37.2 4.1 37.2 ns
sdmmc2_dat[n:0] transition
tr(DO) Rise time, output sdmmc2_dat[n:0] 7000 7000 ps
tr(do) Fall time, output sdmmc2_dat[n:0] 7000 7000 ps

(1) Related to the output sdmmcx_clk maximum and minimum frequency.

(2) P = output sdmmcx_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmcex_dat[n:0], nup to 7

(5) In this section, the MMC/SD/SDIO output data and command signals are driven on the falling clock edge.
In this case, the MMCHS_HCTL[2] HSPE bit is set to 0. The controller is by default in this mode to maximize hold timings.
For more information, see MMC/SD/SDIO / MMC/SD/SDIO Functional Description / Output Signals Generation / Generation on Falling
Edge of MMC Clock section of the OMAP4430 TRM.

(6) See DM Operating Condition Addendum for CORE OPP voltages.

MMC1
MMC2 MMC2
sdmmc2_clk / \ / |
MMC5 MMC5
sdmmc2_cmd X X
MMC6 MMC6
sdmmc2_dat[n:0] X X

SWPS040-085

Figure 6-123. MMC/SD/SDIO 2 Interface—Standard SDR JC64—Transmitter Mode®®

(1) In sdmmc2_dat[n:0], nup to 7

(2) In this section, the MMC/SD/SDIO output data and command signals are driven on the falling clock edge.
In this case, the MMCHS_HCTL[2] HSPE bit is set to 0. The controller is by default in this mode to maximize hold timings.
For more information, see MMC/SD/SDIO / MMC/SD/SDIO Functional Description / Output Signals Generation / Generation on Falling
Edge of MMC Clock section of the OMAP4430 TRM.
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Figure 6-124. MMC/SD/SDIO 2 Interface—Standard SDR JC64—Receiver Mode®
(1) In sdmmc2_dat[n:0], nup to 7
6.7.1.3 MMC/SD/SDIO 3, 4, and 5 Interfaces

6.7.1.3.1 MMC/SD/SDIO 3, 4, and 5 Interfaces—High-Speed SDIO Mode

Table 6-209 and Table 6-210 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-125 and Figure 6-126).

Table 6-208. MMC/SD/SDIO 3, 4, and 5 Interface Timing Conditions—High-Speed SDIO Mode®@®®®)

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX

For Balls: AB25/ AC27 / AB26 / AB27 / AA25 / AA26 (Mux Mode 1 — Interface 3)
For Balls: AE21 / AF20 / AF21 / AE20/ AG20 / AH19 (Mux Mode 1 — Interface 4)
For Balls: AE5/ AF5/ AE4 / AF4 /| AG3 / AF3 (Mux Mode 0 — Interface 5)

Input Conditions

tr Input signal rise time 0.14 1.18 ns

te Input signal fall time 0.11 1.18 ns

For balls: AG11/ AH11/ AE10/ AF10/ AG10 / AE9 (Mux Mode 2 — Interface 3)
For balls: AG12 / AF12 / AE12 / AG13/ AE11/ AF11 (Mux Mode 2 — Interface 4)

Input Conditions

tr Input signal rise time 0.18 1.67 ns

tr Input signal fall time 0.17 1.58 ns

PCB Conditions

Number of external peripherals

Far end load 5 pF
Trace length 5 cm
Characteristics impedance 30 60 Q

(1) 10 settings (For balls: AB25 / AC27 / AB26 / AB27 | AA25 | AA26 (Mux Mode 1 — Interface 3)
For balls: AE21 / AF20 / AF21 / AE20 / AG20 / AH19 (Mux Mode 1 — Interface 4)
For balls: AE5 / AF5 / AE4 | AF4 | AG3 | AF3 (Mux Mode 0 — Interface 5)): LBO = 1 and MB[1:0] = 11.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 50Q Output Buffer 1/0s with Combined Mode and Load Settings section of
the OMAP4430 TRM.

(2) 10 settings (For balls: AG11 / AH11 / AE10 / AF10 / AG10 / AE9 (Mux Mode 2 — Interface 3)
For balls: AG12 / AF12 / AE12 /| AG13 / AE11/ AF11 (Mux Mode 2 — Interface 4)): DSO = 0.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(3) In this table the rise and fall times are calculated for the V, _/ V| described in Section 3.3.11, MMC/SDIO DC Electrical Characteristics.

(4) For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode.

(5) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-209. MMC/SD/SDIO 3, 4, and 5 Interface Timing Requirements—High-Speed SDIO Mode®®®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX

For Balls: AB25/ AC27 / AB26 / AB27 / AA25 / AA26 (Mux Mode 1 — Interface 3)

For Balls: AE21 / AF20 / AF21 / AE20 / AG20 / AH19 (Mux Mode 1 — Interface 4)

For Balls: AE5/ AF5/ AE4 /| AF4 | AG3 / AF3 (Mux Mode 0 — Interface 5)

HSSDIO3 | tsycmdv-clkH) Setup time,sdmmcx_cmd valid before 4.5 4.5 ns
sdmmecex_clk rising clock edge

HSSDIO4 | th(cikH-cmdv) Hold time,sdmmcx_cmd valid after 2.3 2.3 ns
sdmmecex_clk rising clock edge

HSSDIO7 | tsy(av-cikH) Setup time,sdmmcx_dat[n:0] valid before 4.5 4.5 ns
sdmmecex_clk rising clock edge

HSSDIO8 | th(clkH-dv) Hold time, sdmmcx_dat[n:0] valid after 2.3 2.3 ns
sdmmecex_clk rising clock edge

For Balls: AG11/AH11/AE10/AF10/AG10/ AE9 (Mux Mode 2 — Interface 3)

For Balls: AG12 / AF12 / AE12 / AG13/ AE11/ AF11 (Mux Mode 2 — Interface 4)

HSSDIO3 | tsycmdv-clkH) Setup time,sdmmcx_cmd valid before 4.1 4.1 ns
sdmmecex_clk rising clock edge

HSSDIO4 | th(cikH-cmdv) Hold time,sdmmcx_cmd valid after 1.9 1.9 ns
sdmmecex_clk rising clock edge

HSSDIO7 | tsy(dv-cikH) Setup time,sdmmcx_dat[n:0] valid before 4.1 4.1 ns
sdmmecex_clk rising clock edge

HSSDIO8 | thcikH-dv) Hold time, sdmmcx_dat[n:0] valid after 1.9 1.9 ns
sdmmecex_clk rising clock edge

(1) In sdmmex, x is equal to 3, 4 or 5.

(2) In sdmmcex_dat[n:0], n up to 3.
(3) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-210. MMC/SD/SDIO 3, 4, and 5 Interface Switching Characteristics—High-Speed SDIO Mode®®)®)

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
For Balls: AB25/ AC27 / AB26 / AB27 / AA25/ AA26 (Mux Mode 1 — Interface 3)
For Balls: AE21/ AF20/ AF21/ AE20 / AG20 / AH19 (Mux Mode 1 — Interface 4)
For Balls: AE5/ AF5/ AE4 | AF4 /| AG3 / AF3 (Mux Mode 0 — Interface 5)
HSSDIO1 | 1/t Frequency® output sdmmex_clk 48 48 MHz
HSSDIO2 | ty(ciki) Pulse duration, output sdmmcx_clk low 0.5*P@ 0.5*P@ ns
HSSDIO2 | ty(ciki) Pulse duration, output sdmmex_clk high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle error, output sdmmcex_clk -1042 1042 -1042 1042 ps
ticclk) Jitter standard deviation®, output sdmmex_clk -65 65 —65 65 ps
tR(clk) Rise time, output sdmmcx_clk 2263 2263 ps
tr(cik) Fall time, output sdmmcx_clk 2136 2136 ps
HSSDIOS | ty(clkH-cmdv) Delay time, sdmmcx_clk rising clock edge to 2.6 13.9 2.6 13.9 ns
sdmmcex_cmd transition
tr(cmd) Rise time, output sdmmex_cmd 2263 2263 ps
tr(ema) Fall time, output sdmmcex_cmd 2136 2136 ps
HSSDIO6 | ty(cikH-dov) Delay time, sdmmcx_clk rising clock edge to 2.6 13.9 2.6 13.9 ns
sdmmcx_dat[n:0] transition
tr(DO) Rise time, output sdmmcx_dat[n:0] 2263 2263 ps
tr(po) Fall time, output sdmmcx_dat[n:0] 2136 2136 ps
For Balls: AG11/AH11/AE10/AF10/AG10/ AE9 (Mux Mode 2 — Interface 3)
For Balls: AG12 / AF12/ AE12/ AG13/ AE11/ AF11 (Mux Mode 2 — Interface 4)
HSSDIOL |1/ te(eiky Frequency™® output sdmmex_clk 48 48 MHz
HSSDIO2 | tyyciki) Pulse duration, output sdmmex_clk low 0.5+p®@ 0.5+p®@ ns
HSSDIO2 | ty(ciki) Pulse duration, output sdmmcx_clk high 0.5+p®@ 0.5+p®@ ns
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Table 6-210. MMC/SD/SDIO 3, 4, and 5 Interface Switching Characteristics—High-Speed SDIO
Mode®®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
tac(clk) Duty cycle error, output sdmmcx_clk -1042 1042 -1042 1042 ps
ticclk) Jitter standard deviation®, output sdmmex_clk -65 65 —65 65 ps
tR(clk) Rise time, output sdmmcx_clk 2263 2263 ps
tr(cik) Fall time, output sdmmcx_clk 2136 2136 ps
HSSDIOS | ty(cikH-cmdv) Delay time, sdmmcex_clk rising clock edge to 25 13.9 25 13.9 ns
sdmmcex_cmd transition
tR(cmd) Rise time, output sdmmcx_cmd 2263 2263 ps
tr(cmd) Fall time, output sdmmcx_cmd 2136 2136 ps
HSSDIO6 | ty(cikH-dov) Delay time, sdmmcex_clk rising clock edge to 2.5 13.9 25 13.9 ns
sdmmcex_dat[n:0] transition
tr(DO) Rise time, output sdmmcx_dat[n:0] 2263 2263 ps
tro) Fall time, output sdmmcx_dat[n:0] 2136 2136 ps

(1) Related to the output sdmmcex_clk maximum and minimum frequency.

(2) P = output sdmmcx_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) In sdmmcex, x is equal to 3, 4 or 5.

(5) In sdmmcx_dat[n:0], n up to 3.

(6) See DM Operating Condition Addendum for CORE OPP voltages.

HSSDIO1 >
‘ T HSSDIO2 —* HSSDlOZ_'|
sdmmex ck [ \ / A

HSSDIO5 —>| —— HSSDIO5—>|

HSSDIO6 ——*| HSSDIO6 ——*|
sdmmex_datin:0] T

sdmmcex_cmd

PRODUCT PREVIEW

SWPS040-087

Figure 6-125. MMC/SD/SDIO 3, 4, and 5 Interfaces—High-Speed SDIO—Transmitter Mode®

(1) In sdmmcex, x = 3, 4, or 5. In sdmmcx_dat[n:0], n up to 3.

HSSDIO1
[ HSSDIO2 — HSSDIO2 —*|
sdmmex ck ________f \ / -

|+——— HsSDI03 ———<—— HssDIO4 —+|
sdmmcx_cmd —
[e——— HsSDI07 ———<—— HssDI0g ——*|

sdmmex_datin:0) T )

SWPS040-088

Figure 6-126. MMC/SD/SDIO 3, 4, and 5 Interfaces—High-Speed SDIO—Receiver Mode®

(1) In sdmmcx, x = 3, 4, or 5. In sdmmcx_dat[n:0], n up to 3.
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6.8 Test Interfaces
6.8.1 Digital Processing Manager Interface (DPM)
6.8.1.1 Trace Port Interface Unit (TPIU)

6.8.1.1.1 TPIU PLL DDR Mode — 160 MHz

Table 6-212 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-127).

Table 6-211. TPIU Timing Conditions—PLL DDR Transmit ModeJ@®(®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
PCB Conditions®(7)
Number of external peripherals 1
Far end load 104 pF
Trace length 100 cm
Characteristics impedance 40 60 Q
(1) 10 settings (balls: M2 /N2 /P2 /V1/V2/W1/W2/W3/W4/Y2/Y3/Y4]AAL/AA2 ] AA3 | AA4 | AB2/ AB3 |/ AB4 | AC4):
Ec?romoie. information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.
(2) For more information regarding the subsystem multiplexing, see Section 2.4.5.3, TPIU.
(3) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.
(4) Either use a far end load less than 10 pF, or add an external buffer in case of higher loads.
(5) Either use a maximum trace length equals to 10 cm, or a 5-cm cable and a 5-cm PCB.
(6) A serial resistor of 15 Q is recommended to be added to limit the overshoot and the undershoot on far end signals.
(7) Itis also recommended to minimize the number of vias by layer transitions.

(8) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-212. TPIU Switching Characteristics—PLL DDR Transmit Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
TPIU1 1/t Frequency, output clock atpiu_clk 160 160 MHz
TPIU2 ty(clkH) Pulse duration, output clock atpiu_clk high 0.5*P@ 0.5*P@ ns
TPIU3 t(clkL) Pulse duration, output clock atpiu_clk low 0.5*p®@ 0.5*p®@ ns
tac(clk) Duty cycle error, output clock atpiu_clk -333 333 -333 333 ps
ti(clk) Jitter standard deviation®), output clock atpiu_clk 65 65 ps
tR(clk) Rise time, output clock atpiu_clk 2.62 2.62 ns
tr(cik) Fall time, output clock atpiu_clk 2 2 ns
TPIU4 ta(eik-ctiv) Delay time, output clock atpiu_clk low/high to 0.884 0.884 ns
output control atpiu_cntl transition
TPIUS tack-datav) | Delay time, output clock atpiu_clk low/high to 0.884 0.884 ns
output data atpiu_d[n:0]® transition
tr(p0) Rise time, output data atpiu_d[n:0]) and output 2.62 2.62 ns
control atpiu_cntl
t=(po) Fall time, output data atpiu_d[n:0]) and output 2 2 ns
control atpiu_cntl
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(1) Related to the atpiu_clk maximum frequency.

(2) P = atpiu_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) In atpiu_d[n:0], nis equal to 15 or 17.

(5) See DM Operating Condition Addendum for CORE OPP voltages.

TPIU1
TPIU2 TPIU3
apuck S\ [\ [ W\
TPIU4 TPIU4
atpiu_cntl —\ “ /_
TPIU5 TPIUS

atpiu_d[X:0] X ) | ) O @&

SWPS040-089

Figure 6-127. TPIU—PLL DDR Transmit Mode®

(1) Ind[X:0], X is equal to 15 or 17.

6.8.1.2 System Trace Module Interface (STM)

The System Trace Module interface (STM) module provides real-time software tracing functionality to the
OMAP4430 device.

The trace interface has four trace data pins and a trace clock pin.

This interface is a dual edge interface:
* The data are available on rising and falling edge of STM clock.

« But can be also configured in single-edge mode where data are available on the falling edge of STM
clock.

Serial interface operates in clock stop regime: serial clock is not free-running; when there is no trace data,
there is no trace clock.

6.8.1.2.1 STM — Lauterbach DDR Transmit Mode

Table 6-214 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-128).

Table 6-213. STM Timing Conditions—Lauterbach DDR Transmit Mode®®)(®

TIMING CONDITION PARAMETER VALUE UNIT
MN | mAX
PCB Conditions®
Number of external peripherals 1
Far end load 104 pF
Trace length 100 cm
Characteristics impedance 45 60 Q

(1) 10 settings (Balls in Option 1: M2 / N2 / P2/ V1 [ V2@
Balls in Option 2: AA4 / AB2 / AB3 / AB4 / AC4@)
Balls in Option 3: M2 / N2®)):
DSO =1.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) For more information regarding the subsystem multiplexing, see Section 2.4.5.4, STM.
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(3) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(4) Either use a far end load less than 10 pF, or add an external buffer in case of higher loads.

(5) Either use a maximum trace length equals to 10 cm, or a 5-cm cable and a 5-cm PCB.

(6) A serial resistor of 15 Q is recommended to be added to limit the overshoot and the undershoot on far end signals.
(7) ltis also recommended to minimize the number of vias by layer transitions.

(8) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-214. STM Switching Characteristics—Lauterbach DDR Transmit Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

STM1 1/t Frequency®, output clock astm_clk 100 100 MHz
STM2 tw(clkH) Pulse duration, output clock astm_clk high 0.5+p®@ 0.5p®@ ns
STM3 tw(cikL) Pulse duration, output clock astm_clk low 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output clock astm_clk —625 625 —1000 1000 ps
ticclk) Jitter standard deviation®®, output clock astm_clk 65 129 ps
tR(clk) Rise time, output clock astm_clk 1.74 3.45 ns
tF(clk) Fall time, output clock astm_clk 1.74 3.45 ns
STM4 tacik-datav) | Delay time, output clock astm_clk low/high to 1.456 3.886 1.606 6.828 ns

output control astm_d[3:0] valid

trR(DO) Rise time, output data astm_d[3:0] 1.74 3.45 ns
tr(po) Fall time, output data astm_d[3:0] 1.74 3.45 ns

(1) Related to the astm_clk maximum frequency.

(2) P =astm_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.

STM1
STM2 STM3
astm_clk J—\—/—\—/_\m
STM4 STM4
STM4 STM4
astm_d[3:0] X X X X B X =

SWPS040-090

Figure 6-128. STM—Lauterbach DDR Transmit Mode

6.8.1.2.2 STM—MIPI Transmit Mode

6.8.1.2.2.1 STM—MIPI Transmit—DDR Mode

Table 6-216 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-129).

Table 6-215. STM Timing Conditions—MIPI DDR Transmit Mode®®®

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
PCB Conditions®()
Number of external peripherals 1
Far end load 104 pF
Trace length 100 cm
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Table 6-215. STM Timing Conditions—MIPI DDR Transmit Mode®®®) (continued)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX

‘ Characteristics impedance 45 60 Q

(1) 10 settings (Balls in Option 1: M2 / N2 / P2/ V1 [ v2@
Balls in Option 2: AA4 / AB2 / AB3 / AB4 | AC4?
Balls in Option 3: M2 / N2@): DSO = 1.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / 1/0 cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.

(2) For more information regarding the subsystem multiplexing, see Section 2.4.5.4, STM.

(3) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.

(4) Either use a far end load less than 10 pF, or add an external buffer in case of higher loads.

(5) Either use a maximum trace length equals to 10 cm, or a 5-cm cable and a 5-cm PCB.

(6) A serial resistor of 15 Q is recommended to be added to limit the overshoot and the undershoot on far end signals.
(7) ltis also recommended to minimize the number of vias by layer transitions.

(8) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-216. STM Switching Characteristics—MIPI DDR Transmit Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

STM1 1/ ooy Frequency?, output clock astm_clk 100 100 MHz
STM2 tw(clkH) Pulse duration, output clock astm_clk high 0.5+p®@ 0.5+p®@ ns
STM3 t(clkL) Pulse duration, output clock astm_clk low 0.5+p®@ 0.5+p®@ ns
tac(clk) Duty cycle error, output clock astm_clk -625 625 -625 625 ps
ticclk) Jitter standard deviation®, output clock astm_clk 65 65 ps
tr(clk) Rise time, output clock astm_clk 1.73 1.73 ns
tr(clk) Fall time, output clock astm_clk 1.73 1.73 ns
STM4 tack-datav) | Delay time, output clock astm_clk low/high to 1.955 3.387 1.955 3.387 ns

output control astm_d[3:0] valid

tr(DO) Rise time, output data astm_d[3:0] 1.73 1.73 ns
tro) Fall time, output data astm_d[3:0] 1.73 1.73 ns

(1) Related to astm_clk maximum frequency.

(2) P =astm_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-129. STM—MIPI DDR Transmit Mode

6.8.1.2.2.2 STM—MIPI Transmit—SDR Mode

Table 6-218 assumes testing over the recommended operating conditions and electrical characteristic
conditions below (see Figure 6-130).

Table 6-217. STM Timing Conditions—MIPI SDR Transmit Mode®®®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
PCB Conditions®()
Number of external peripherals 1
Far end load 104 pF
Trace length 100) cm
Characteristics impedance 45 60 Q
(1) 10 settings (Balls in Option 1: M2 / N2 / P2 / V1 / V2@
Balls in Option 2: AA4 / AB2 / AB3 / AB4 | AC4®)
Balls in Option 3: M2 / N2®)): DS0 = 1.
For more information, see Control Module / Control Module Functional Description/ Functional Register Description / Signal Integrity
Parameter Control Registers with Pad Group Assignment / I/O cells with Configurable Output Driver Impedance section of the
OMAP4430 TRM.
(2) For more information regarding the subsystem multiplexing, see Section 2.4.5.4, STM.
(3) In this table the rise and fall times are calculated for 20% to 80% of VDDS. For more information on the corresponding OMAP4 VDDS
power supply name, see Table 2-1, POWER [9] column with the ball name.
(4) Either use a far end load less than 10 pF, or add an external buffer in case of higher loads.
(5) Either use a maximum trace length equals to 10 cm, or a 5-cm cable and a 5-cm PCB.
(6) A serial resistor of 15 Q is recommended to be added to limit the overshoot and the undershoot on far end signals.
(7) Itis also recommended to minimize the number of vias by layer transitions.
(8) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
Table 6-218. STM Switching Characteristics—MIPI SDR Transmit Mode®
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
STM1 1/ oo Frequency, output clock astm_clk 100 100 MHz
STM2 tw(clkH) Pulse duration, output clock astm_clk high 0.5+p®@ 0.5p®@ ns
STM3 tw(clkL) Pulse duration, output clock astm_clk low 0.5+p®@ 0.5p®@ ns
tac(clk) Duty cycle error, output clock astm_clk -500 500 -1000 1000 ps
i(clky Jitter standard deviation®, output clock astm_clk 65 129 ps
tR(clk) Rise time, output clock astm_clk 1.73 6.90 ns
tr(clk) Fall time, output clock astm_clk 1.73 6.90 ns
STM4 tack-datav) | Delay time, output clock astm_clk low/high to -2.296 2.296 -6.313 6.313 ns
output control astm_d[3:0] valid
tr(DO) Rise time, output data astm_d[3:0] 1.73 6.90 ns
tro) Fall time, output data astm_d[3:0] 1.73 6.90 ns
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(1) Related to the astm_clk maximum frequency.

(2) P =astm_clk period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.

STM1
STM2 STM3
astmok [\ [\
STM4 STM4
STM4 STM4
astm_d[3:0] X X X X B X =

SWPS040-092

Figure 6-130. STM—MIPI SDR Transmit Mode

6.8.2 JTAG Interface (JTAG)

The JTAG TAP controller handles standard IEEE JTAG interfaces. The following section defines the

Timing requirements for several tools used to test the OMAP4430 as:
* Free-running clock tool, like XDS560 and XDS510 tools
+ Adaptive clock tool, like RealView® ICE tool and Lauterbach™ tool

6.8.2.1 JTAG—Free-Running Clock Mode

Table 6-220 and Table 6-221 assume testing over the recommended operating conditions and electrical

characteristic conditions below (see Figure 6-131).

Table 6-219. JTAG Timing Conditions—Free-running Clock Mode®®®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time ns
tr Input signal fall time ns
PCB Conditions
Number of external peripherals 1
Far end load 30 pF
Trace length See®@ cm
Characteristics impedance 40 60 Q

(1) Corresponding balls: AH2 / AG1 / AE3/ AH1 / AE1 / AE2
(2) Maximum PCB trace length = 5 cm and maximum cable = 15 cm

(3) For more information on JTAG ESD guideline example, see Section A.3.2.2.3, ESD Implementation—JTAG and cJTAG Interfaces.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).
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Table 6-220. JTAG Timing Requirements—Free-running Clock Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
JT4 1/ toek) Frequency®, input clock jtag_tck 20 15 MHz
JT5 t(tckL) Pulse duration, input clock jtag_tck low 0.5*p®@ 0.5+p®@ ns
JT6 tuy(tckH) Pulse duration, input clock jtag_tck high 0.5*P@ 0.5*P@ ns
tac(tek) Duty cycle error, input clock jtag_tck -2500.0 2500.0 -3333.0 3333.0 ps
titck) Cycle jitter®, input clock jtag_tck —2500.0 2500.0 -3333.0 3333.0 ps
JT7 tsu(tdiv-rickH) Setup time, input data jtag_tdi valid before 1.8 9.0 ns
output clock jtag_rtck high
JT8 th(tdiv-rickH) Hold time, input data jtag_tdi valid after output 15 2.0 ns
clock jtag_rtck high
JT9 tsu(tmsv-rtckH) Setup time, input mode select jtag_tms_tmsc 1.8 9.0 ns
valid before output clock jtag_rtck high
JT10 th(tmsV-rtckH) Hold time, input mode select jtag_tms_tmsc 15 2.0 ns
valid after output clock jtag_rtck high
(1) Related to the input maximum frequency supported by the JTAG module.
(2) P =jtag_tck period in ns
(3) Maximum cycle jitter supported by jtag_tck input clock.
(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.
(5) See DM Operating Condition Addendum for CORE OPP voltages.
Table 6-221. JTAG Switching Characteristics—Free-running Clock Mode®
NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
JT1 1/ toqricky Frequency®, output clock jtag_rtck 20 15 MHz
JT2 tw(rtckl) Pulse duration, output clock jtag_rtck low 0.5*PO®@ 0.5PO®@ ns
JT3 turtckH) Pulse duration, output clock jtag_rtck high 0.5*PO®@ 0.5PO®@ ns
tac(rck) Duty cycle error, output clock jtag_rtck —2500.0 2500.0 —3333.0 3333.0 ps
titrtck) Jitter standard deviation®), output clock 33.3 33.3 ps
jtag_rtck
tR(rtek) Rise time, output clock jtag_rtck 4.0 4.0 ns
tE(rtck) Fall time, output clock jtag_rtck 4.0 4.0 ns
JT11 td(rtekL-tdov) Delay time, output clock jtag_rtck low to output -9.3 121 -16.4 16.4 ns
data jtag_tdo valid
tR(tdo) Rise time, output data jtag_tdo 4.0 4.0 ns
tr(tdo) Fall time, output data jtag_tdo 4.0 4.0 ns

(1) Related to the jtag_rtck maximum frequency.

(2) PO = jtag_rtck period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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Figure 6-131. JTAG Interface Timing—Free-running Clock Mode

6.8.2.2 JTAG—Adaptive Clock Mode

Table 6-223 and Table 6-224 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-132).

Table 6-222. JTAG Timing Conditions—Adaptive Clock Mode®®®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN | MAX
Input Conditions
tr Input signal rise time 5 ns
tr Input signal fall time 5 ns
PCB Conditions
Number of external peripherals 1
Far end load 30 pF
Trace length See®@ cm
Characteristics impedance 40 60 Q

(1) Corresponding balls: AH2 / AG1 / AE3 / AH1 / AE1 / AE2
(2) Maximum PCB trace length = 5 cm and maximum cable = 15 cm
(3) For more information on JTAG ESD guideline example, see Section A.3.2.2.3, ESD Implementation—JTAG and cJTAG Interfaces.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Qutput OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-223. JTAG Timing Requirements—Adaptive Clock Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
JA4 1/ togeeky Frequency®, input clock jtag_tck 20 15 MHz
JA5 tutekL) Pulse duration, input clock jtag_tck low 0.5*P@ 0.5*P@ ns
JA6 tutckH) Pulse duration, input clock jtag_tck high 0.5*P@ 0.5*P@ ns
tac(clk) Duty cycle error, input clock jtag_tck —2500.0 2500.0 —3333.0 3333.0 ps
ti(clk) Cycle jitter®, input clock jtag_tck —1500.0 1500.0 | —2000.0 | 2000.0 ps
JA7 tsu(tdiv-tckH) Setup time, input data jtag_tdi valid before 13.8 18.4 ns
input clock jtag_tck high
JA8 thtdiv-tckH) Hold time, input data jtag_tdi valid after input 13.8 18.4 ns
clock jtag_tck high
JA9 tsu(tmsV-tckH) Setup time, jtag_tms valid before jtag_tck high 13.8 18.4 ns
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Table 6-223. JTAG Timing Requirements—Adaptive Clock Mode™®® (continued)

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX
JA10 th(tmsV-tckH) Hold time, jtag_tms valid after jtag_tck high 13.8 18.4 ns

(1) Related to the input maximum frequency supported by the JTAG module.

(2) P =jtag_tck period in ns

(3) Maximum cycle jitter supported by jtag_tck input clock.

(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.
(5) See DM Operating Condition Addendum for CORE OPP voltages.

Table 6-224. JTAG Switching Characteristics—Adaptive Clock Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN MAX MIN MAX

JAL 1/tmeqy | Frequency™, output clock jtag_rtck 20 15 MHz
JA2 ekl Pulse duration, output clock jtag_rtck low 0.5*PO® 0.5*PO® ns
JA3 twrtckH) Pulse duration, output clock jtag_rtck high 0.5*PO® 0.5*PO® ns
tac(rtck) Duty cycle error, output clock jtag_rtck -2500.0 2500.0 -3333.0 3333.0 ps
irtck) Jitter standard deviation®, output clock jtag_rtck 333 333 ps
tR(rtck) Rise time, output clock jtag_rtck 4.0 4.0 ns
tr(rtck) Fall time, output clock jtag_rtck 4.0 4.0 ns
JA11 tagekLtdov) | Delay time, output clock jtag_rtck low to output -14.6 14.6 -19.7 19.7 ns

data jtag_tdo valid

tR(tdo) Rise time, output data jtag_tdo 4.0 4.0 ns
tr(do) Fall time, output data jtag_tdo 4.0 4.0 ns

(1) Related to the jtag_rtck maximum frequency.

(2) PO = jtag_rtck period in ns

(3) The jitter probability density can be approximated by a Gaussian function.
(4) See DM Operating Condition Addendum for CORE OPP voltages.
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JAS 1 JAG
jtag_tck __f \ / \
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jtag_tdi X ) A
JA9 JA10 }
jtag_tms )| X )|
JA1
JA2 8 JA3
jtag_rtck / \ / \
JA11 |
jtag_tdo X X X

SWPS040-099

Figure 6-132. JTAG Interface Timing—Adaptive Clock Mode

6.8.3 CcJTAG Interface (cJTAG)

The cJTAG module is a component which can run a 2-pin communication protocol on top of an IEEE
1149.1 JTAG Test Access Port (TAP). The cJTAG logic serializes the IEEE 1149.1 transactions, using a
variety of compression formats, to reduce the number of pins needed to implement a JTAG debug and
boundary scan port. The OMAP4430 platform implements only a basic 3-pin scan configuration.
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Table 6-226 and Table 6-227 assume testing over the recommended operating conditions and electrical
characteristic conditions below (see Figure 6-133).

Table 6-225. cJTAG Timing Conditions—Normal Mode®®®)

TIMING CONDITION PARAMETER VALUE UNIT
MIN MAX
Input Conditions
tr Input signal rise time ns
tr Input signal fall time ns
PCB Conditions
Number of external peripherals 1
Far end load 30 pF
Trace length See® cm
Characteristics impedance 40 60 Q

(1) Corresponding balls: AH2 / AG1 / AE3 / AH1 / AE1 / AE2
(2) Maximum PCB trace length = 5 cm and maximum cable = 10 cm

(3) For more information on JTAG ESD guideline example, see Section A.3.2.2.3, ESD Implementation—JTAG and cJTAG Interfaces.

(4) To have an idea of the output OMAP4 ball load supported for this application, you can consider the following:
Output OMAP4 ball load = Far End load + 1.34 pF/cm typical x trace length (cm).

Table 6-226. cJTAG Timing Requirements—Normal Mode®®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MIN | MAX
For MMC PADs
cJ1 1/ toek) Frequency, input clock jtag_tck 17.5 14 MHz
cJ2 t(tckL) Pulse duration, input clock jtag_tck low 0.5*p®@ 0.5+p®@ ns
cJ3 t(tckH) Pulse duration, input clock jtag_tck high 0.5*p®@ 0.5+p®@ ns
tac(tek) Duty cycle error, input clock jtag_tck -2857.0 2857.0 -3571.0 3571.0 ps
ti(tck) Cycle jitter®, input clock jtag_tck —-2714.0 27140 | -3143.0 3143.0 ps
[onV:} tsugtmscv-tekL) Setup time, input mode select jtag_tms_tmsc 114 145 ns
valid before input clock jtag_tck low
CJ5 th(tmscv-tckL) Hold time, input mode select jtag_tms_tmsc 4.4 5.5 ns
valid after input clock jtag_tck low
For JTAG PADs
cJ1 to(ick) Frequency, input clock jtag_tck 20 19 MHz
cJ2 t(tckL) Pulse duration, input clock jtag_tck low 0.5*p®@ 0.5+p®@ ns
cJ3 t(tckH) Pulse duration, input clock jtag_tck high 0.5*p®@ 0.5+p®@ ns
tac(tek) Duty cycle error, input clock jtag_tck —2500.0 2500.0 -2632.0 2632.0 ps
ti(tck) Cycle jitter®, input clock jtag_tck —2500.0 2500.0 | —2579.0 2579.0 ps
[onV:} tsugtmscv-tekL) Setup time, input mode select jtag_tms_tmsc 9.8 10.4 ns
valid before input clock jtag_tck low
CJ5 th(tmscv-tekL) Hold time, input mode select jtag_tms_tmsc 3.8 4.0 ns
valid after input clock jtag_tck low

(1) Related to the input maximum frequency supported by the JTAG module.
(2) P =jtag_tck period in ns

(3) Maximum cycle jitter supported by jtag_tck input clock.
(4) The timing requirements are assured for the cycle jitter and duty cycle error conditions specified.
(5) See DM Operating Condition Addendum for CORE OPP voltages.
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Table 6-227. cJTAG Switching Characteristics—Normal Mode®

NO. PARAMETER OPP100 OPP50 UNIT
MIN | MAX MN | MAX

For MMC PADs

CJ6 ta(tekL-tmscv) Delay time, input clock jtag_tck low to output 34 23.0 4.3 29.7 ns
mode select jtag_tms_tmsc valid

tR(tmsc) Rise time, output mode select jtag_tms_tmsc 4.0 4.0 ns
trmsc) Fall time, output mode select jtag_tms_tmsc 4.0 4.0 ns
For JTAG PADs
CJ6 t(tekL-tmscv) Delay time, input clock jtag_tck low to output 3.0 19.7 3.2 20.9 ns
mode select jtag_tms_tmsc valid
tRtmsc) Rise time, output mode select jtag_tms_tmsc 4.0 4.0 ns
tF(tmsc) Fall time, output mode select jtag_tms_tmsc 4.0 4.0 ns

(1) See DM Operating Condition Addendum for CORE OPP voltages.

CJ1
CJ2 1 cJ3
jtag_tck \ / \ [
k-cia——]ci5
jtag_tms_tmsc(IN)
cJe|
jtag_tms_tmsc(OUT) X )
SWPS040-100

Figure 6-133. cJTAG Interface Timing—Normal Mode
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7 Thermal Management

For reliability and operability concerns, the absolute maximum junction temperature of OMAP4430 has to
be below 125°C and the maximum average junction temperature has to be below 110°C.

Depending on the thermal mechanical design (Smartphone, Tablet, Personal Navigation Device, etc), the
system thermal management software, and worst case thermal application, the junction temperature might
be exposed to higher values than those specified above.

Therefore, it is recommended to perform thermal simulations at device level (Smartphone, Tablet,
Personal Navigation Device, etc) with the measured power of the worst case UC of the device.

Based on the results, if the temperature limits are exceeded, an OMAP level software thermal policy can
be set up; for detailed information, see SWPA184, OMAP4430 Thermal Management, application note.

The OMAP level thermal policy relies on a PCB sensor. Therefore, it is recommended to have such
sensors located on the PCB; for more information, see Section 7.2, PCB Sensor Recommendation. In
addition, it is recommended to avoid having another significant thermal source near the OMAP4430.

The risks of not managing this junction temperature are hazardous heating, power supply clamping,
reliability issues, and malfunction.

7.1 Package Thermal Characteristics

Table 7-1 provides the thermal resistance characteristics for the package used on this device.

Table 7-1. Thermal Resistance Characteristics

PACKAGE POWER (W)® 834 (°C/W)@ WsCC/W) @ BOARD TYPE
OMAP4430 2 22 10 252pP®)

(1) The board types are defined by JEDEC (reference JEDEC standard JESD51-9, Test Board for Array Surface Mount Package Thermal
Measurements). Note that the board temperature is measured at 1 mm from the package edge.

(2) ©;a (Theta-JA) = Thermal Resistance Junction-to-Ambient, °C/W.

(3) Wjg (Psi-JB) = Thermal Resistance Psi Junction-to-Board, °C/W derived from thermal simulation following JEDEC reference (JEDEC
standard JESD51-9, Test Board for Array Surface Mount Package Thermal Measurements).

(4) Ty=P*Wyp+Tg
With P is the dissipated power, Tg = 85°C, T; = 105°C, dissipated power P = 2 W.

CAUTION

Y,z (Psi-JB) value is dependent on the board (PCB) and the power distribution related
to the power use case: 10°C/W is given for a 2-W dissipated power in a JEDEC PCB.
Depending on the device power distribution and the PCB, the W5 (Psi-JB) could vary
between 9°C/W and 14°C/W.
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7.2 Temperature Sensor Recommendation

7.2.1 PCB Temperature Sensor
To manage the OMAP4430 junction temperature, an external PCB temperature sensor is required.

The accuracy of the temperature sensor is critical to optimize the OMAP performance; the minimum
recommended accuracy is +2°C; see the TI TMP102 temperature sensor component. The temperature
sensor can be located at three different positions to correctly monitor the OMAP4430 junction
temperature:

* pos 1: 1 mm of the package
* pos 2: 1 mm of the package
» pos 3: On the bottom layer of the PCB, underneath OMAP4430 (top layer) in the center of the package

Ty

E

2xA9

M12 missing
ball

pos 1

SWPS040-225

Figure 7-1. PCB Temperature Sensor Recommendation

7.2.2 Junction Temperature Sensor

The OMAP4430 device supplies a temperature sensor feature which is in the band gap voltage and
temperature sensor (VBGAPTS) module. An analog-to-digital converter (ADC) converts the silicon
temperature into an 8-bit output decimal value.

NOTE
For more information, see Control Module / Control Module Functional Description / Band
Gap Voltage and Temperature Sensor / Temperature Sensor section of the OMAP4430
TRM.

Table 7-2 gives the temperature sensor characteristics.
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Table 7-2. Temperature Sensor Characteristics

PARAMETER MIN TYP MAX UNIT
ADC resolution (DTEMP[7:0]) 8 Bit
ADC temperature step 15 °C
ADC temperature accuracy for temperature range —40°C to 125°C +7(0 °C

(1) The maximum accuracy +7°C means the worst case of the ADC accuracy.
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8 Package Characteristics

8.1 Device Nomenclature

8.1.1 Standard Package Symbolization

1

OMAP ™

a4430rPPP

PIN ONE DESIGNATOR Yy
YMLLLL S $

\“o G1

SWPS040-113

Figure 8-1. Printed Device Reference

NOTE
* Black: Static field
* Blue: Variable field coded with letters and/or numbers

* Green: Variable fields coded with numbers
The letters and numbers fields are interleaved to facilitate the parameters reading.
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8.1.2 SAP Part Number

The actual part number used in the system follows this syntax (SAP allows a maximum of 14 characters):
* SAP part number in Tray: a4430rFZYyPPP
* SAP part number in Tape & Reel: a4430rFZYyPPPR

8.1.3 Device Naming Convention

Table 8-1. Nomenclature Description

FIELD FIELD VALUE DESCRIPTION
PARAMETER DESCRIPTION
a Qualification X Experimental / Prototype / Preproduction / Sample
status? BLANK Qualified / Production device
r Device revision SDC ES1.0
A ES2.0
C ES2.1
ES2.2
F ES2.3
PPP Package CBL CBL S-FBGA-N547 (Prototype only)
designator CBS ES2.0 ES2.1 ES2.2 CBS S-FBGA-N547 (Prototype and Production)
A Reserved XX Reserved
Yy Device type BLANK General purpose (Prototype and Production)
XX Reserved
Z Device Speed 2 OMAP4430-1200 (1200 MHz)
BLANK or 0 OMAP4430-1000 (1000 MHz)
8 OMAP4430-800 (800 MHz)
YM Year and month numbers
LLLL Assembly lot number
S Reserved
$
O Pin one designator
G1 ECAT—Green package designator

(1) To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of OMAP 4 processors. These
prefixes represent evolutionary stages of product development from engineering prototypes through fully qualified production devices.
Device development indicator:

— X : Experimental, preproduction, sample or prototype device. Device may not meet all product qualification conditions and may not
fully comply with Tl Specifications.

— BLANK: Device is qualified and released to production. TI's standard warranty applies to production devices.

Experimental / Prototype devices are shipped against the following disclaimer: “This product is still in development and is intended for

internal evaluation purposes.” Notwithstanding any provision to the contrary, TI makes no warranty expressed, implied, or statutory,

including any implied warranty of merchantability of fitness for a specific purpose, of this device

NOTE
BLANK in the symbol or part number is collapsed so there are no gaps between characters.
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8.2 Mechanical Data

Figure 8-2 shows the mechanical package.

CBS (S—PBGA—N547) ™MV PACKAGE PLASTIC BALL GRID ARRAY

12,10
- : A - —Pb
130 Al 10,80 TYP
040 ﬂ 0,40
g AH OOOOOA)OOOOOOOO‘ 0000000000000
o AG| ©O0O000000000000 0000000000000
& AF 000000000000 00O 0000000000000
o AE| 0000000000000 0 OOOO000000000
o AD 0000 0000
o AC| oooo 0000
o AB 0000 00000000 OO0O0O00O0 0000
o AA| 0000 00000000 0O0000O0 0000
& Y 0000 00000000 OOOO0O00 0000
& W 0000 [eJeJe} 000 0000
v o Y, 0000 [eJele} [eJele] 0000
o U 0000 [eJeJe} 000000 000 0000
12.10 T o T 0000 [e}eJe} 000000 000 0000
’ o Rl 000000 __000_ 0000 |
H,9O p n P 0000 [e]e)e} 000000
o N 0000 [eJele} 000000 000 0000
M o M 0000 000 00000 000 0000
& L | oooo o000 000 0000 |[[( 40
K & K 0000 [eJeJe} 000 0000 2
& J 0000 0000000 |0O00O0O000 0000
H oY H 0000 0000000 I0OO0O0O000 0000
o G 0000 0000000 ©OO00O0O000 0000
F & F 0000 0000
& E 0000 000G
D &Y D 0000000000000 OOOOOOOOOO00O0O0G—
& C 0000000000000 IDOOOOOOOOOOO00 }
B o 500 B 0000000000000 POOOOOOOOOOO00O
® 000, A 0000000000000 ‘OOOOOOOOOOOOOO
29272525 2119171513 11 9 7 5 3 1 1357 910 13‘15171921 239527
282624222018 16141210 8 6 4 2 2 4 6 8101214 16 18 20 2224 2628
216 SMD Pad For .
Package Stack #0,50 Bottom View
: 0,500+0,040 —«
Top View »—4—0,260+0,030
0,50010,040
0,28 0,90 MAX Top View
‘ 0,22
i . i 0,060
T T @ @ T f Cross Section View
0,31 0,15 C|A|B
> . )
0,60 REF <+ 0.21 & 3005 @[C 0,24
0,14 0,84 MAX
Base of BGA Ball
TMV Detail
4210912/6 11/
NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. Flip chip application only.
D. Pb—free die bump and solder ball.
SWPS040-227
Figure 8-2. Production Mechanical Package
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OMAP4430 Processor Multimedia Device PCB Guideline

Introduction

NOTE

OMAP™ 4 processors are intended for manufacturers of Smartphones and other mobile
devices.

NOTE

Notwithstanding any provision to the contrary, TI makes no warranty expressed, implied, or
statutory, including any implied warranty of merchantability of fitness for a specific purpose,
for customer boards. The data described in this appendix are intended as guidelines only.

This appendix must be used in complement to the OMAP4430 data manual. It provides:

* Guidelines for the design of the PCB focusing first on power delivery network (PDN) implementation
which is essential to achieve desired level of performance on OMAP4430 and OMAP4460.

» General principles and step-by-step approach for good PDN implementation and specific requirements
for the different power supplies of OMAP4.

» Methodology and requirements to meet the PCB routing of OMAP4430 differential interfaces (MIPI CSI
and DSI, USB and HDMI) and TV-OUT interface.

* PCB requirements for general purposes interface using CMOS driver to meet timing requirements and
minimize overshoot-undershoot at the far end peripheral.

Initial Requirements and Guidelines

Introduction to the PCB Guidelines

The recommendation for board stackup is an 8-layer design in either 2+x+2 or 3+x+3 where x represents
the number of core layers with 2 or 3 build-up layers depending upon number of signals routed on PCB.

Table A-1. PCB Stackup—8 Layers

PCB STACK-UP 2+4+2 THICKNESS (um) PCB STACK-UP 3+2+3 THICKNESS (um)

Layer 1 (top) Signal 20 Layer 1 (top) Signal 20
Dielectric 70 Dielectric 70
Layer 2 GND plane 20 Layer 2 GND plane 20
Dielectric 70 Dielectric 70
Layer 3 Signal 30 Layer 3 Signal 20
Dielectric 100 Dielectric 70
Layer 4 Signal 30 Layer 4 Signal 30
Dielectric 100 Dielectric 200
Layer 5 PWR plane 30 Layer 5 PWR plane 30
Dielectric 100 Dielectric 70
Layer 6 Signal / GND 30 Layer 6 Signal / GND 20
Dielectric 70 Dielectric 70
Layer 7 Signal 20 Layer 7 Signal 20
Dielectric 70 Dielectric 70
Layer 8 Signal / GND 20 Layer 8 Signal / GND 20
Total (um) 780 Total (um) 800
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The 10-layer implementation can be considered as well in case of requirements for small PCB form

factors.
Table A-2. PCB Stackup—10 Layers
PCB STACK-UP 3+4+3 THICKNESS (um)
Layer 1 (top) Signal 20
Dielectric 70
Layer 2 GND plane 20
Dielectric 70
Layer 3 Signal 20
Dielectric 70
Layer 4 Signal 30
Dielectric 100
Layer 5 PWR plane 30
Dielectric 100
Layer 6 GND plane 30
Dielectric 100
Layer 7 Signal 30
Dielectric 70
Layer 8 Signal 20
Dielectric 70
Layer 9 Plane 20
Dielectric 70
Layer 8 (Bottom) Signal 20
Total (um) 960

The power delivery network (PDN) must be optimized for low trace resistance and low trace
inductance between the power management IC (PMIC) and OMAP4 especially for vdd_mpu,
vdd_iva_audio, and vdd_core power supplies (ranked by order of criticality per their respective peak
currents)

Optimize routing power routing between vdd_mpu and the PMIC.

OMAP4430-1000, OMAP4430-800, and OMAP4460 devices have different peak currents for vdd_mpu.
Hence, specific PDN must be designed for vdd_mpu. For more information on OMAP4460 PCB
guideline, see the OMAP4460 ES1.0 data manual, Appendix A, OMAP4460 Processor Multimedia
Device PCB Guideline.

It is highly recommended to run board frequency domain analysis on vdd_mpu, vdd_iva_audio, and
vdd_core power supplies to check if proper board decoupling is implemented and confirm that
respective target impedances are met. For more information on target impedance, see Section 3.4,
External Capacitors.

Characteristic impedance for single-ended interfaces is recommended to be between 30 Q and 60 Q
and in some specific cases between 40 Q and 55 Q to minimize overshoot and undershoot on far end
loads.

For more information see Section A.3, Single-Ended Interfaces.

Characteristic impedance for single-ended interfaces must meet 50-Q (£10%) and 100-Q differential
impedance.

For more information see Section A.4, Differential Interface PCB Guidelines.

Characteristic impedance for TVOUT (cvideo_tvout) node of video DAC interface needs to be 75 Q
(£10%).

For more information see Section A.5, TVOUT Interface in OMAP4, or Section 5, Video DAC
Specifications.
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+ External interface using connector must be protected following the IEC61000-4-2 level 4 system ESD
(8 kV in contact mode or +15 kV air discharge mode).

See also the respective sections of USBAO PHY (Section A.4.4.3, ESD Implementation—USBAO
PHY), HDMI (Section A.4.5, HDMI Interface in OMAP4), Video DAC (Section A.5.3, ESD
Implementation—TVOUT), SDMMC1 (Section A.3.2.2.1, ESD Implementation—MMC/SD/SDIO 1
Interface—SD Mode), Keypad (Section A.3.2.2.2, ESD Implementation—KeyPAD Interface) and JTAG
or cJTAG (Section A.3.2.2.3, ESD Implementation—JTAG and cJTAG Interfaces) interfaces for
specific ESD requirements and implementation proposals.

 LPDDR2 memory:

— OMAP4 supports two LPDDR2 channels. Each of these channels supports up to two chip selects.
Up to four LPDDR2 memory dies can be connected on top of OMAP4 package via
Package-on-Package implementation. Powers for LPDDR2 memory are connected via feedthrough
in OMAP4430 package.

— The memory component LPDDR2-S4A and LPDDR2-S4B memory have different voltage
requirements. The S4B type needs a single 1.2-V source to supply vdd2 and vddg/vddca.

A.2.2 PCB Power General Routing Guidelines

In this section you will find the necessary steps for the PCB power general routing:
+ Section A.2.2.1, Step 1: Requirements and guidelines for PCB stack-up
+ Section A.2.2.2, Step 2: Physical layout guidelines of the PDN

+ Section A.2.2.3, Step 3: Static IR drop guidelines of PDN. Minimize resistance, avoid neck-down, and
reduce current density.

A.2.2.1 Step 1: PCB Stack-up Guidelines

The PCB stack-up (layer assignment) is an important factor in determining the optimal performance of the

power distribution system. An optimized PCB stack-up for higher power integrity performance can be

achieved by following these requirements:

» Power and ground plane pairs must be closely coupled together. The capacitance formed between the
planes can decouple the power supply at high frequencies. Whenever possible, the power and the
ground planes must be solid to provide continuous return path for return current.

* Use a thin dielectric thickness between the power and ground plane pair. Capacitance is inversely
proportional to the separation of the plane pair. Minimizing the separation distance (the dielectric
thickness) will maximize the capacitance.

+ Keep the power and ground plane pair as close as possible to the TOP and BOTTOM surfaces (see
Figure A-1). This will help in minimizing the decoupling capacitors mounting, via, and the power/ground
plane pair spreading loop inductance.
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Trace Capacitor

OMAP DIE

Power/Ground
Ground/Power
Note: 1. BGA via pair loop inductance Loop inductance
2. Power/Ground net spreading inductance
3. Capacitor trace inductance SWPS040-167

Figure A-1. Minimize Loop Inductance With Proper Layer Assignment

The placement of power and ground planes in the PCB stackup (determined by layer assignment) has a
significant impact on the parasitic inductances of power current path as shown in Figure A-1. For this
reason, it is recommended to consider layer order in the early stages of the PCB PDN design cycle,
putting high priority supplies in the top half of the stackup and low-priority supplies in the bottom half of the
stackup as shown in the examples below (vias have parasitic inductances which impact the bottom layers
more, so it is advised to put the sensitive and high priorities power supplies on the top layers).

Figure A-2 and Figure A-3 show examples of typical PCB stack-up designed with power integrity in mind.

TOP
LAYER2

LAYER3

LAYER4

LAYERS

LAYERG

LAYER7

BOTTOM

SWPS040-209

Figure A-2. Layer PCB With High Density Interconnect (HDI) Vias®

(1) Recommendation:

— GND on layer 2
— The signal escape on layer 3 and layer 4, PWR on layer 5
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TOP

LAYER2

LAYER3

LAYER4

LAYERS

LAYERG

LAYER?7

BOTTOM
SWPS040-210

Figure A-3. Layer PCB With Plated Though Holes (PTH) Vias®

(1) 2-4-2 PCB only possible if the interfaces number is reduced.
Recommendation:

— GND on layer 2
— Signal escape on layer 3 and layer 4, PWR on layer 5

A.2.2.2 Step 2: Physical Layout Guidelines of the PDN

A critical step in designing an optimized PDN is that proper care must be taken to making sure that the
initial layout is done with good power integrity design guidelines in mind. The following points are
important requirements that will be needed to be implemented in the PCB PDN design:

+ External trace routing between components must be as wide as possible. The wider the traces the
lower the dc resistance and consequently the lower the static IR drop.

* Whenever possible, try aiming for a ratio of 1:1 or better for component (for example, capacitors and
resistors) pins and vias. Do not share vias among multiple capacitors.

+ Placement of the vias must be as close as possible to the solder pad.
Figure A-4 shows an example of acceptable width for power net routing but with poor via placement.
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Inductor pads
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Figure A-4. Poor Via Assignment for PDN

Figure A-5 shows an improved power net routing with appropriate via assignment and placement
respectively.

SWPS040-212

Figure A-5. Improved Via Assignment for PDN

To avoid the maximum current carrying capacity of each transitional via, an evaluation must be
performed to determine the appropriate number of vias required to connect components.

Figure A-6 and Figure A-7 show examples of via starvation on a power net transitioning from top
routing layer to internal layers and the improved layout, respectively.
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One via for 5 capacitor pads is NOT good practice

Figure A-6. Via Starvation

SWPS040-214

Added vias

Figure A-7. Improved Layout With More Transitional Vias

+ ltis also a good practice to perform static IR drop. This analysis can assess the appropriate number of
vias and geometrical trace width dimensions required for expected IR drop requirement.

*  Whenever possible for the internal layers (routing and plane), wide traces and copper area fills are
preferred for PDN layout. The routing power nets in plane provide for more interplane capacitance and
improve high frequency performance of the PDN.
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« Try to avoid different power nets (for example, VDD_MPU with VDD_CORE) coupling on the PCB by
using coplanar shielding whenever appropriate.

Figure A-8 represents an example of coplanar shielding for power nets.

VDD_MPU

VDD_CORE

SWPS040-174

Figure A-8. Coplanar Shielding of Power Net Using Ground Guard-band

» Decoupling capacitors must be mounted with minimum impact to inductance. A real capacitor has
characteristics not only of capacitance but also inductance and resistance.
Figure A-9shows the parasitic model of a real capacitor. A real capacitor must be treated as an RLC
circuit with effective series resistance (ESR) and effective series inductance (ESL).

I ~ AN
ESL ESR

SWPS040-175

Figure A-9. Characteristics of a Real Capacitor With ESL and ESR

O

The magnitude of the impedance of this series model is given as:

2
|ﬂ=Jam2+@ES——Lj
oC

where: o= 2xf

SWPS040-002

Figure A-10. Series Model Impedance Equation

Figure A-11 shows the resonant frequency response of a typical capacitor with self-resonant frequency of
55 MHz. The impedance of the capacitor is a combination of its series resistance and reactive capacitance
and inductance as shown in the equation above.
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Figure A-11. Typical Impedance Profile of a Capacitor

Since a capacitor has series inductance and resistance that will impact its effectiveness, it is important
that the following recommendations are adopted in placing them on the power distribution network.
Whenever possible, please mount the capacitor with the geometry that will minimize the mounting
inductance and resistance. This was shown earlier in Figure A-1. The capacitor mounting inductance and
resistance here includes the inductance and resistance of the pads, trace, and vias.

The length of a trace use to connect a capacitor has a big impact on parasitic inductance and resistance
of the mounting. This trace must be as short and wide as possible. Wherever possible, minimize the trace
by locating vias near the solder pad landing. Further improvements can be made to the mounting by
placing vias to the side of capacitor lands or doubling the number of vias as shown in Figure A-12. If the
PCB manufacturing processes allow and if cost-effective, via-in-pad (VIP) geometries are strongly
recommended.

In addition to mounting inductance and resistance associated with placing a capacitor on the PCB, the
effectiveness of a decoupling capacitor also depends on the spreading inductance and resistance that the
capacitor sees with respect to the load. The spreading inductance and resistance is strongly dependent on
the layer assignment in the PCB stack-up (as shown in Figure A-2).
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Mounting geometry for reduced inductance
SWPS040-177

Figure A-12. Capacitor Placement Geometry for Improved Mounting Inductance

A.2.2.3 Step 3: Static IR Drop PDN Guidelines

Delivering reliable power to circuits is always a critical importance because IR drops can happen at every
level in a chip, package, and board system. Components that are distant from their associated power
source are particularly susceptible to IR drop. The designs that rely on battery power must minimize
voltage drop to avoid unacceptable power loss. Early dc assessments help determine power distribution
basics such as the best available entry point for power, layer stackup choices, and estimates for the
amount of copper needed to carry the current.

The resistance Rs of a plane conductor
for a unit length and unit width is called
the surface resistivity (ohms per square).

Y
Nz |

<—W—>T

Rs=_L _P
c-t

R:Rs~i
w

SWPS040-178

Figure A-13. Depiction of Sheet Resistivity and Resistance

Ohm’s Law (V = |1 * R) relates conduction current to voltage drop and at dc the relation coefficient is a
constant representing the resistance of the conductor. Conductors also dissipate power due to their
resistance. Both voltage drop and power dissipation are proportional to the resistance of the conductor.

System-level IR drop budget is made up of three portions: on-chip, package and PCB board. Static IR or
dc analysis/design methodology consists of designing the power distribution network such that the voltage
drop (under dc operating conditions) across power and ground pads of the transistors of the application
processor device is within a specified value of the nominal voltage for proper functionality of the device.

Figure A-14 shows the PCB-level static IR drop budget is defined between the pins of the power
management device PMIC/VRM and the BGA pads on the PCB to the application processor device to
which the PMIC is supplying power.
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| PCB

Static IR drop budget of
PMIC < 30 mV (worst-case)

SMPS/VRM

OMAP4430

| BGA pad on PCB '

SWPS040-201

Figure A-14. Static IR Drop Budget for PCB Only

The total system-level margin allowed for proper device functionality is given, allowable voltage variation
at the BGA of the device is specified at 1.5% of the nominal voltage. For a 1.35-V supply, this must be
<20 mV.

It is highly recommended to connect the VRM or the PMIC as close as physically possible on the PCB to
the OMAP4430 device.

To accurately analyze PCB static IR drop, the actual geometry of the PDN must often be properly
modeled and simulated to accurately characterize long distribution paths, low weight copper,
electro-migration violations of current-carrying vias, and swiss-cheese effects. It is recommended to
perform the following analyses:

1. Lumped resistance/IR drop analysis
2. Distributed resistance/IR drop analysis
The requirements are present to perform both analyses and to show compliance. In the following sections

each methodology is described in detail and examples provided of analysis flow that can be used by the
PCB designer to validate compliance to the requirements on their PCB PDN design.

A.2.3 Lumped and Distributed Resistance/IR Drop Analysis Methodology

Lumped methodology consists of grouping all of the power/ground pins of the PMIC and the processor
device; this is followed by extracting the lumped resistance or dc voltage drop of the equivalent path by
applying a voltage source at the PMIC end and a current sink at the device end. Figure A-15 describes the
pin-grouping concept.

Sources Multiport net Sources
(o o o @ ~—
Grouped Power/Ground = Branch
pins to create 1 equivalent < T
resistive branch \ Port/Pin
—,
(@ @ <3 °)
Sinks Sinks

SWPS040-179

Figure A-15. Pin-grouping Concept: Lumped and Distributed Methodologies

The lumped methodology consists of importing the PCB layout database (from Cadence Allegro tool or
any other layout design tool) into the static IR drop modeling and simulation tool of preference for the PCB
designer. This is followed by applying the correct PCB stack-up information (thickness, material
properties) of the PCB dielectric and metallization layers. The material properties of dielectric consist of
permittivity (Dk) and loss tangent (Df).
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For the conductor layers, the correct conductivity needs to be programmed into the simulation tool. This is
followed by pin-grouping of the power and ground nets, and applying appropriate voltage/current sources.

The current and voltage information can be obtained from the power and voltage specifications of the
device under different operating conditions / use-modes. After running the simulation, the lumped
resistance and lumped IR drop can be examined as shown in Figure A-15.

A.2.4 System ESD Generic Guidelines

NOTE
IEC61000-4-2: The ESD discharges described in this section apply only to HDMI, USBAO
PHY, SD/MMC card cage, composite video, JTAG, ¢cJTAG, and points and surfaces of the
Equipment Under Test (EUT) that are accessible to the end-user during normal use.

The following exclusions apply (that is, discharges are not applied to these items):

* In the case of the contacts of coaxial and multipin connectors which are provided with a metallic
connector shell, contact discharges are only applied to the metallic shell contacts. Falling into this
category:

HDMI/USB connectors, SD/MMC card cage, audio headset jack connector

» Those points and surfaces which are only accessible under service by the end-user. Examples of
these rarely accessed points are battery contacts while changing batteries. Falling into this category:

Battery connector

» Those points and surfaces which are only accessible under maintenance. In this case, special ESD
mitigation procedures are given in the accompanying documentation. Falling into this category:
JTAG test points

» Those points and surfaces of equipment which are no longer accessible after fixed installation or after
following the instructions for use, for example, the bottom and/or wall side of equipment or areas
behind fitted connectors. Potentially falling into this category:

Audio speaker spring contacts

A.2.4.1 |EC61000-4-2 Standard Overview—System ESD

System ESD differs from the usual component level ESD tests such as HBM (ANSI/ESDA/JEDEC
JS-001-2010) or CDM (JESD22 C101) described in Table 3-1, Absolute Maximum Ratings. HBM and
CDM are tests to evaluate product robustness to ESD events in the manufacturing environment. System
ESD is designed to evaluate events that occur when the end-users interact with the final product as they
use it. IEC 61000-4-2 is one of the major system level standards used to qualify products for human
contact. Sometimes these events are referred to as EMC immunity events.

The standard defines immunity requirements for ESD which can be coupled into the equipment directly
(contact discharge) or indirectly through radiation .The charging model is defined with a discharging
150-pF capacitor through a 330-Q resistor. Direct coupling includes any user accessible entry points such
as external connectors, keypad, panel displays, equipment housings, etc.

The ESD stress level is divided into four levels. Level 1 is considered the least severe while Level 4 is the
most severe. IEC 61000-4-2 also specifies the ESD current waveform and parameters shown in
Figure A-16 and Table A-3. The rise time is extremely fast, defined as 0.7 to 1 ns to reach the first peak,
with a second peak at 30 ns and a total duration of only 60 ns.

408

OMAP4430 Processor Multimedia Device PCB Guideline
Submit Documentation Feedback
Product Folder Link(s): OMAP4430

Copyright © 2010-2012, Texas Instruments Incorporated


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

13 TEXAS
INSTRUMENTS

www.ti.com

Public Version

OMAP4430

SWPS041D —DECEMBER 2010-REVISED JANUARY 2012

| at 30 ns

| at 60 ns

peak
100%-
90%-1--

10%—1—

——30 ns—p

60 ns

A4

e

tr=0.7to1ns

~V

SWPS040-218

Figure A-16. IEC61000-4-2 Waveform

Table A-3. Waveform Parameters

LEVEL INDICATE(ll(DV\)/OLTAGE E{TSFIE'T\IETA; S'SSCEHR';Q"&%V\\;Y'TTCHH CURRENT r5230%) a | CURRENT n(:30%) at
DISCHARGE £10% (A) (ns)
1 2 75 0.7t01 2
2 4 15 0.7t01 8 4
3 6 225 0.7t01 12 6
4 8 30 0.7t01 16 8

Test results are classified in terms of the loss of function or degradation of performance for the system
under test .The recommended classification is as follows:

1.
2.

Normal performance within limits specified by the manufacturer

Temporary loss of function or degradation of performance which ceases after the disturbance ceases,
and the system recovers its normal performance without operator intervention

Temporary loss of function or degradation of performance, the correction of which requires operator

intervention

Loss of function or degradation of performance which is not recoverable, due to damage to hardware
or software, or loss of data
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A.2.4.2 Objective and Limitation of the Protection Strategy

CAUTION

System level (IEC61000-4-2) ESD results are dependent on the product (Boards and
Mechanics) implementation and the components being used. Thus, the protection
strategy defined in this document, does not assure to meet IEC61000-4-2 compliance
requirement on any final product. Document suggestions must be considered as
guidance to help protecting OMAP4430 exposed interfaces against physical damage.
Soft failures cannot be simulated and are not accounted for in these recommendations.

The protection strategy is intended to protect against £+8 kV direct contact discharge.
The protection strategy is based upon simulations replicating a general board design
with an |IEC ESD pulse exhibiting the current waveform as defined in Figure A-16,
IEC61000-4-2 Waveform, and Table A-3, Waveform Parameters. External protections,
additional isolation resistors, and other passives have been selected or dimensioned
accordingly.

Part numbers that are different than the provided reference schematic are not assured
to meet system level ESD requirements.

A.2.4.3 Concept of Isolation Impedance

IEC pulse
+/-8 kV

I

I

Stress |
x point |
I

External protection on PCB

Isolation impedance

Residual pulse current

Internal protection on IC

PCB tracks
Bypass capacitors

Connector

Common mode filter
Chip ferrite beads

Figure A-17. Simplified Current Distribution

SWPS040-219

Under an ESD event the external and internal ESD protection turns on and current is distributed between
internal and external ESD protection; the distribution ratio being defined, at first order, by the ratio
between the dynamic resistances Rdyn of the two protections. To further minimize the current flowing into
the internal protection IC, whenever possible (signal integrity constraints), isolation impedance can be
increased by taking advantage of the PCB implementation:

* PCB routing track length

+ Decoupling capacitor on power supply

« Common mode filter on differential lines
* Chip ferrite bead

* Isolation resistors

A.2.4.4 System ESD Generic PCB Guideline

External interface using a connector must be protected by following the IEC61000-4-2 level 4 system ESD
(8 kV in contact mode or £15 kV air discharge mode).
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Protection devices must be placed close to the ESD source which means close to the connector. This
allows the device to subtract the energy associated with ESD strike before it reaches the internal circuitry
of the application board.

To help minimize the residual voltage pulse that will be built-up at the protection device, due to its nonzero
turn-on impedance, it is mandatory to route the ESD device with minimum stub length so that the
low-resistive, low-inductive path from the signal to the ground is granted and not increasing the impedance
between signal and ground.

For ESD protection array being railed to a power supply when no decoupling capacitor is available in close
vicinity, consider using a decoupling capacitor (= 0.1 pF) tight to the VCC pin of the ESD protection. A
positive strike will be partially diverted to this capacitance resulting in a lower residual voltage pulse.

Ensure that there is enough metallization for the supply of signals at the interconnect side (VCC and GND
in Figure A-18) from connector to external protection because the interconnect may see between 15-A to
30-A current in a short period of time during the ESD event.

NOTE
System level ESD results (IEC61000-4-2 level 4) are dependent on the components being
connected to the product.

Part numbers that are different than the reference board specification are not assured to
meet system level ESD requirements.

Bypass

capacitor 0.1 pf (minimum)
Stub
inductance

Stub
inductance

i

- §
VCC | g
c
igna
9 Interconnection O vce
Protected inductance : ;H:—
circuit
1
Signa N
Minimize such : Stub 9 ESD
inductance by | inductance strike
h .
optimizing layout ' External
protection
e ———————— ——————— »>

Keep distance
between protected =
circuit and external

protection

Keep external
protection closed by
connector

SWPS040-180

Figure A-18. Placement Recommendation for an ESD External Protection

A.2.4.5 Miscellaneous EMC Guidelines to Mitigate ESD Immunity
« Avoid running critical signal traces (clocks, resets, interrupts, control signals, etc.) near PCB edges.

* Add high frequency filtering: Decoupling capacitors close to the receivers rather than close to the
drivers to minimize ESD coupling

« Put a ground (guard) ring around the entire periphery of the PCB to act as a lightning rod
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« Connect the guard ring to the PCB ground plane to provide low impedance path for ESD-coupled
current on the ring

* Fill unused portions of the PCB with ground plane.

* Minimize circuit loops between power and ground by using multilayer PCB with dedicated power and
ground planes

« Shield long line length (strip lines) to minimize radiated ESD

* Avoid running traces over split ground planes. It is better to use a bridge connecting the two planes in
one area

BAD BETTER

SWPS040-220

Figure A-19. Trace Examples

* Always route signal traces and their associated ground returns as close to one another as possible to
minimize the loop area enclosed by current flow:

— At high frequencies current follows the path of least inductance.
— At low frequencies current flows through the path of least resistance.

A.3 Single-Ended Interfaces

A.3.1 General Routing Guidelines

The following paragraphs detail the routing guidelines that must be observed when routing the various
functional LVCMOS interfaces.
* Line spacing:

— For aline width equal to W, the spacing between two lines must be 2W, at least. This minimizes the
crosstalk between switching signals between the different lines. On the PCB, this is not achievable
everywhere (for example, when breaking signals out from the OMAP4430 package), but it is
recommended to follow this rule as much as possible. When violating this guideline, minimize the
length of the traces running parallel to each other (See Figure A-24).

* Length matching:

— For bus or traces at frequencies lesser than 10 MHz: the trace length matching (maximum length
difference between the longest and the shortest lines) must be less than 25 mm.
— For bus or traces at frequencies greater than 10 MHz: the trace length matching (maximum length
difference between the longest and the shortest lines) must be less than 2.5 mm.
» Characteristic impedance

— Characteristic impedance for single-ended interfaces is recommended to be between 30 and 60 Q
and in some specific cases between 40 and 55 Q to minimize overshoot and undershoot on far-end
loads.
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A.3.2 Single-Ended PCB Guideline in OMAP4

A.3.2.1 OMAP4430 Single-Ended Interfaces—PCB Guideline

The following interfaces follow the general guideline of single-ended interfaces.

A3.211

A.3.2.1.2

A.3.2.13

A3.2.14

A.3.2.15

A.3.2.1.6

A.3.2.1.7

OMAP4430 Single-Ended Interfaces—GPMC PCB Guideline

NOTE
GPMC: For more information on PCB guideline, see Section 6.4.1, General-Purpose Memory
Controller (GPMC), especially the timing condition tables, PCB Conditions part.

OMAP4430 Single-Ended Interfaces—DISPC PCB Guideline

NOTE
DISPC: For more information on PCB guideline, see Section 6.5.2.1.1, DSS—DISPC—Quad
eXtended Graphics Array (QXGA) Application—SDR Mode, especially the timing condition
tables, PCB Conditions part.

OMAP4430 Single-Ended Interfaces—RFBI LCD Panel PCB Guideline

NOTE
RFBI MIPI DBI 2.0: For more information on PCB guideline, see Section 6.5.2.2.1,
DSS—Remote Frame Buffer Interface (RFBI)—MIPI DBI2.0—LCD Panel, especially the
timing condition tables, PCB Conditions part.

OMAP4430 Single-Ended Interfaces—RFBI DLP Pico PCB Guideline

NOTE
RFBI MIPI Pico DLP: For more information on PCB guideline, see Section 6.5.2.2.2,
DSS—Remote Frame Buffer Interface (RFBI)—Pico DLP, especially the timing condition
tables, PCB Conditions part.

OMAP4430 Single-Ended Interfaces—McBSP PCB Guideline

NOTE
McBSP: For more information on PCB guideline, see Section 6.6.1, Multichannel Buffered
Serial Port (McBSP), especially the timing condition tables, PCB Conditions part.

OMAP4430 Single-Ended Interfaces—McASP PCB Guideline

NOTE
McASP: For more information on PCB guideline, see Section 6.6.2, Multichannel Buffered
Serial Port (McASP), especially the timing condition tables, PCB Conditions part.

OMAP4430 Single-Ended Interfaces—McSPI PCB Guideline

NOTE
McSPI: For more information on PCB guideline, see Section 6.6.3, Multichannel Serial Port
Interface (McSPI), especially the timing condition tables, PCB Conditions part.
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A.3.2.1.8 OMAP4430 Single-Ended Interfaces—DMIC PCB Guideline

NOTE
DMIC: For more information on PCB guideline, see Section 6.6.4, Digital Microphone
(DMIC), especially the timing condition tables, PCB Conditions part.

A.3.2.1.9 OMAP4430 Single-Ended Interfaces—McPDM PCB Guideline

NOTE
McPDM: For more information on PCB guideline, see Section 6.6.5, Multichannel Pulse
Density Modulation (McPDM), especially the timing condition tables, PCB Conditions part.

A.3.2.1.10 OMAP4430 Single-Ended Interfaces—SlimBus PCB Guideline

NOTE
SlimBus: For more information on PCB guideline, see Section 6.6.6, SlimBus, especially the
timing condition tables, PCB Conditions part.

A.3.2.1.11 OMAP4430 Single-Ended Interfaces—HSI PCB Guideline

NOTE
HSI: For more information on PCB guideline, see Section 6.6.7, High-Speed Synchronous
Interface (HSI), especially the timing condition tables, PCB Conditions part.

A.3.2.1.12 OMAP4430 Single-Ended Interfaces—USB PCB Guideline

NOTE
USB: For more information on PCB guideline, see Section 6.6.8, Universal Serial Bus (USB),
especially the timing condition tables, PCB Conditions part.

A.3.2.1.13 OMAP4430 Single-Ended Interfaces—I?C PCB Guideline

NOTE
I2C: For more information on PCB guideline, see Section 6.6.9, Inter-Integrated Circuit
Interface (1C), especially the timing condition tables, PCB Conditions part.

A.3.2.1.14 OMAP4430 Single-Ended Interfaces—UART PCB Guideline

NOTE
UART: For more information on PCB guideline, see Section 6.6.11, Universal Asynchronous
Receiver Transmitter (UART), especially the timing condition tables, PCB Conditions part.
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A.3.2.1.15 OMAP4430 Single-Ended Interfaces—SDMMC PCB Guideline

NOTE
SDMMC: For more information on PCB guideline, see Section 6.7.1, Multimedia Memory
Card and Secure Digital IO Card (SDMMC), especially the timing condition tables, PCB
Conditions part.

For more information on SDMMC ESD guideline examples, see Section A.3.2.2.1, ESD
Implementation—MMC/SD/SDIO 1 Interface—SD Mode.

A.3.2.1.16 OMAP4430 Single-Ended Interfaces—TPIU PCB Guideline

NOTE
TPIU: For more information on PCB guideline, see Section 6.8.1.1, Trace Port Interface Unit
(TPIV), especially the timing condition tables, PCB Conditions part.

A.3.2.1.17 OMAP4430 Single-Ended Interfaces—STM PCB Guideline

NOTE
STM: For more information on PCB guideline, see Section 6.8.1.2, System Trace Module
Interface (STM), especially the timing condition tables, PCB Conditions part.

A.3.2.1.18 OMAP4430 Single-Ended Interfaces—JTAG PCB Guideline

NOTE
JTAG: For more information on PCB guideline, see Section 6.8.2, JTAG Interface (JTAG),
especially the timing condition tables, PCB Conditions part.

A.3.2.1.19 OMAP4430 Single-Ended Interfaces—cJTAG PCB Guideline

NOTE
cJTAG: For more information on PCB guideline, see Section 6.8.3, cJTAG Interface
(cJTAG), especially the timing condition tables, PCB Conditions part.

A.3.2.1.20 OMAP4430 Single-Ended Interfaces—KeyPad PCB Guideline

NOTE
Here is the routing of the keypad row and column signals (for all keypad signals):

* The trace impedance must be between 20 Q and 70 Q.
+ Maximum trace length is equal to 20 cm.

A.3.2.1.21 OMAP4430 Single-Ended Interfaces—DM Timer PCB Guideline

NOTE
Here is the routing for all DM timer signals:

* The trace impedance must be between 20 Q and 70 Q.
* Maximum trace length is equal to 7 cm.
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A.3.2.2 OMAP4430 Single-Ended Interfaces—OMAP4430 System ESD Guideline

A.3.2.2.1 ESD Implementation—MMC/SD/SDIO 1 Interface—SD Mode

NOTE
For more information on system ESD, see Section A.2.4, System ESD Generic Guideline.

NOTE
For more information on far-end load, trace length, and characteristics impedance for SD
card types, see Section 6.7.1.1, MMC/SD/SDIO 1 Interface.

Figure A-20 shows a proposal of SDMMC1 implementation with an external SD card configuration.

CardConnector — SDMM-X0-0011 — Configuration B

|
1
1
1 SDMM-X0-0011 connector OMAP
: 1 SD/MMC Interface ! SDMMCT i
1 MC_CLK | sdmmc1_clk
1 MC_CMD | sdmmc1_cmd
! MC_DATO 10 sdmmc1_dat0
: MC_DAT1 IO sdmmc1_dati
1 MC_DAT2 10 sdmmc1_dat2
1 MC_DAT3 10 sdmmc1_dat3
: MC_DAT4 |10 sdmmc1_dat4
| MC_DAT5 10 sdmmc1_dat5
1 MC_DAT6 10 sdmmc1_dat6
I MC_DAT7 10 sdmmc1_dat7
1 ——— o [ A e
1 | g vowessrecw
: 4 Control lines S 1 i B zgjsr Ssudpn‘:ri,'m
. SD-WP oJ-+— NC R | S —————
1 CD 0 cD
1 . 7 1
L 1
: 7~ Power supply 1 1
MC_VCC P :
| S ————— =L Crooue f j
| L o =[G |
= | | = e e, 1 820

\ .
: 1
| HEE & BH5 PEE xS !
| A AKX AL BAAaX AAAN 1
1 0.1 pF (minimum) 1

TPD6E001 TPD6E001 1
1 o -/ 1 0.1 pF (minimum)
| = =

)

SWPS040-181

Figure A-20. SDMMC1 Implementation Proposal With External SD Card

Some guidelines regarding system ESD:

» It is recommended to use an ESD protection array in conjunction with serial resistors placed between
the protection device and OMAP4430 SDMMC pins. The ESD protection has to be placed close to the
SD card connector and the serial resistor has to be placed close to the OMAP device. The value
recommended for the serial resistor is 33 Q +5%.

* SD, MMC, or dual-support SD/MMC connectors must have card detect option and may have write
protect pins. In this case, it is recommended to use an ESD external protection device. In addition, for
the CD connector pin (for example attached to the TLW6030 MMC pin), a resistor needs to be placed
between the PMIC and the external protection.

» ESD protection devices must have a low turn-on resistance (Rpyy < 1 Q).
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CAUTION
System level ESD results are dependent on the components being connected to the
product.

Part numbers that are different than the reference board specification (see Table A-4)
are not assured to meet system level ESD requirements.

Table A-4. SDMMC Component Reference

INTERFACE DEVICE SUPPLIER PART NUMBER
VS I TPD6EOOIRSE
SDMMC [0.1 uF/10V/0402]
c Murata GRM155R71A104KA0

A.3.2.2.2 ESD Implementation—KeyPAD Interface

NOTE
For more information on system ESD, see Section A.2.4, System ESD Generic Guideline.

To protect against electromagnetic interference (EMI), the ESD recommendation is to implement an EMI
filter array. An alternate solution is to use ESD protection array. To further enhance ESD robustness, 5-Q
serial resistors may be placed in between protection device and OMAP4430 keypad. ESD protection
device must exhibit a low turn-on resistance (< 1 Q typical).

Table A-5. Keypad Components Reference

INTERFACE DEVICE SUPPLIER PART NUMBER

Keypad EMIF TI TPD6F003

A.3.2.2.3 ESD Implementation—JTAG and cJTAG Interfaces

NOTE
For more information on system ESD, see Section A.2.4, System ESD Generic Guideline.

NOTE
For more information on JTAG and cJTAG far end load, trace length and characteristics
impedance, see Section 6.8.2, JTAG Interface (JTAG), or Section 6.8.3, cJTAG Interface
(cJTAG).

For a system having JTAG test points accessible to end users (example when located under battery pack
for handheld device), system ESD protection can be achieved using TPD6EOO1 to target 8 kV direct
contact. Additional resistors of 3.9 Q could be used to strengthen ESD robustness.

ESD protection device must exhibit a low turn-on resistance (£ 1 Q typical).
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Figure A-21. JTAG ESD Protection Example
CAUTION
System level ESD results are dependent on the components being connected to the

product.

Part numbers that are different than the reference board specification (see Table A-6)
are not assured to meet system level ESD requirements.

Table A-6. JTAG Component Reference

INTERFACE DEVICE SUPPLIER PART NUMBER
ITAG TVS TI TPD6EO01RSE
Cc Murata [0.1 uF/10V/0402] GRM155R71A104KA0

A.4 Differential Interface PCB Guidelines

A.4.1 General Routing Guidelines

The following general routing guidelines describe the routing guidelines for MIPI differential lanes.

Each guideline is depicted in detail in Section A.4.2, Three-step Design and Validation Methodology for
OMAP Boards.

For more information, you can also refer to the MIPI D-PHY specification v1.00.

As much as possible, no other high frequency signals must be routed in close proximity to the
differential pair.

Must be routed as differential traces on the same layer. The trace width and spacing must be chosen
to yield a 100-Q differential impedance, along with a 50-Q single-ended impedance for each signal of
the pair.

Due to the fact that the MIPI signals are used for low-power, single-ended signaling in addition to their
high-speed differential implementation, the pairs must be loosely coupled.

The flight time for the signals must not exceed 2 ns, which assuming a PCB constructed from standard
FR-4 material, would imply a maximum trace length of approximately 10” (25.4 cm).

Minimize external components on differential lanes (like external ESD, probe points).
Through-hole pins are not recommended.
Differential lanes mustn’t cross image planes (ground planes).

418

OMAP4430 Processor Multimedia Device PCB Guideline

Copyright © 2010-2012, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Link(s): OMAP4430


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://focus.ti.com/lit/ds/symlink/tpd6e001.pdf
http://search.murata.co.jp/Ceramy/image/img/PDF/ENG/GRM155R71A104KA01.pdf
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

Public Version

13 TEXAS
INSTRUMENTS OMAP4430
www.ti.com SWPS041D -DECEMBER 2010-REVISED JANUARY 2012

* No sharp bend on differential lanes.
* Number of vias on the differential pairs must be minimized.

+ Shielded routing is to be promoted as much as possible (for instance, signals must be routed on
internal layers that are inside power and/or ground planes).

A.4.2 Three-step Design and Validation Methodology for OMAP Boards

A.4.2.1 Three-step Design and Validation Methodology—General Guidelines

The following requirements are not dependent on the 10 names, such as CSI, DSI, HDMI, and USB,
because the differential interfaces basically have the same requirements for the PCB lines.

On the other hand, the PCB requirement is dependent on the operating speed of the circuits because the
length mismatch is given by the bit time (UI) of the signal.

The PCB guidelines for the OMAP differential interfaces are based on the three-step design and validation
methodology in Figure A-22.

The three-step methodology provides a guideline for the design of the PCB differential lines as well as a
validation methodology of the designed differential lines to ensure that the PCB differential lines are
designed well.

The first step is the general guidelines showing the ideal condition of the PCB differential lines. The first
step is important for the PCB designers since it shows the general requirements for the PCB differential
lines.

The second step is the length mismatch requirement to satisfy the system-level specification of the
differential interfaces along with the OMAP package. Step 1 and Step 2 comprise the design guideline.

As a validation methodology, the third step is the frequency-domain specification of the differential lines
that the lines need to satisfy in the frequency domain. If the PCB lines satisfy the frequency-domain
specification, the design is done. Otherwise, the lines need to be improved.

Step1: General guidelines
1) Draw transmission lines with Z, = 50 Q
2) Total conductor length < 100 mm

Designof ________ »
board

Step2: Length mismatch for each board
part of the Transmission line interconnect system
(TLIS) assuming no degradation through connector
or cable
1) Intralane length mismatch < UI/300
(between N and P lines of a differential pair)
2) Interlane length mismatch < UI/100
(between differential pairs)

l S-parameter extraction

Validation of > Step3: Frequency-domain specification guidelines 4| -

board 1) Afeasible specification is proposed W

SWPS040-183

Figure A-22. Summary of Three-step PCB Design and Validation Methodology for OMAPA4 Differential
Interfaces

The differential interfaces are connected from the OMAP circuit to the device circuit through the OMAP
package, OMAP board, cable, device board, and device package.
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In this section, the guidelines for the OMAP PCB differential lines are presented.

The PCB guidelines are developed to align the OMAP board with the OMAP package since the
specification of the differential interfaces has one consolidated requirement for the package and board,
which can be tested by measurement equipment such as oscilloscopes.

Host board (OMAP) Device board
Host package (OMAP) cable Device package

SWPS040-184

Figure A-23. Transmission Line Interconnect System (TLIS)

The ideal electrical condition of the PCB differential lines is basically the same for all the OMAP differential
interfaces, which are shown as:

* Single-ended Z, = 50 Q, differential Z, = 100 Q

* Negligible length mismatch among differential lines.

The loss of the differential lines is not a big concern since the loss causes intersymbol interference (ISI)
that can be compensated by equalization techniques. But, for the differential interfaces without
equalization techniques, the length is recommended to be kept at a minimum for a smaller ISI. For the
OMAP board, we recommend that the length of the PCB differential lines be less than 100 mm.

In the above requirements, the length mismatch requirement is not clear. It is always better to have
smaller length mismatch. But, how small is good enough? Toclarify the length mismatch requirement for
the OMAP board lines, we recommend using the below conditions:

+ Intralane length mismatch < (Ul / 300)
* Interlane length mismatch < (Ul / 100)

Ul is the bit time of the signal. The intralane length mismatch is the length mismatch between the N and P
lines of a differential pair, and the interlane length mismatch is between the differential pairs.

A.4.2.2 Step 1: General Guidelines for OMAP Boards

NOTE
The OMAP differential interfaces, such as CSI and DSI, require the PCB differential lines
with the following two conditions:

» Single-ended Z, = 50 Q, differential Z, = 100 Q
+ Total conductor length < 100 mm

The total conductor length is limited for the PCB lines not to have too much intersymbol interference (ISI).
In general, the conductor length is recommended to be kept at a minimum for a smaller ISI.

In Step 1, the general rule of thumb for the space S = 2 * W is not designated. It is because although the
S =2 *W rule is a good rule of thumb, it is not always the best solution.

Sometimes, the lines with ground guard between the lines are better. It remains up to the PCB designers
whether the S = 2 * W rule is used or not.

However, the electrical performance needs to be better than the frequency-domain specification in Step 3.
The S =2 * W rule is generally recommended.
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Figure A-24. Ground Guard lllustration

A.4.2.3 Step 2: Length Mismatch Guidelines for OMAP Boards

NOTE
The guidelines for the length mismatch of the PCB differential lines are presented as:

+ Intralane skew between N and P < (Ul/300)
+ Interlane skew between differential pairs < (UI/100)

Ul is the bit time of the signal. The intralane length mismatch is the length mismatch between the N and P
lines of a differential pair, and the interlane length mismatch between the differential pairs.

The time skew can be converted to the physical length with the below equation as 500 uym for the
intralane skew and 1500 um for the interlane skew for a speed of 1000 Mbps, based on the dielectric
material of Er = 4.0.

8
Length = 3x107Gm/s) . (time interval) [m]

N/

SWPS040-003

The length mismatch requirement can be formatted in Table A-7 as (assuming operating speed is 1000
Mbps):

Table A-7. Length Mismatch Guidelines of Differential Lines®

PARAMETER TYPICAL VALUE UNIT
Operating Speed 1000 Mbps
Ul (bit time) 1000 ps
Intralane skew (Ul / 300) 3.3 ps
Length between N and P traces 0.5 mm
Interlane Skew (Ul / 100) 10 ps
Length between pairs 15 mm

(1) The interlane skew is actually applied to data and clock lines.

Step 1 and Step 2 comprise the design guidelines for the PCB differential lines. The PCB designers can
draw the PCB differential lines satisfying the Step 1 and Step 2 requirements.

Then, Step 3 in Section A.4.2.4 is a validation methodology for the designed PCB differential lines
checking whether the electrical performance of the differential lines is good enough.
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A.4.2.4 Step 3: Frequency-domain Specification Guidelines for OMAP Boards

Although the PCB designers will draw the lines carefully with the Step 1 and Step 2 guidelines, the lines
can have poor electrical performance due to many reasons.

The vertical connections such as vias and nonuniform line connection such as the escape traces can
degrade the electrical performance of the differential lines.

In addition, the ground design around the lines can also affect the electrical performance. So, to ensure
that the differential lines are good, the frequency-domain behavior of the lines needs to be checked and
compared to the frequency-domain specification given here.

Then, the S-parameters needs to be extracted with a 3D Maxwell Equations’ solver such as
high-frequency structure simulator (HFSS) or equivalent. The 2D and 2.5D Maxwell Equations’ solvers are
not recommended to extract the S-parameter of the differential lines because they could not catch the
effect of the vias.

The frequency-domain specification is the frequency-domain behavior of a differential pair that has good
electrical performance.

The frequency-domain specification for the PCB differential lines is made up of the intralane
frequency-domain specification and the interlane frequency-domain specification, as shown below:
1. Intralane frequency-domain specification

— Differential-mode characteristics: Sdd12, Sdd11 / Sdd22

— Common-mode characteristics: Sccll / Scc22

— Mode-conversion characteristics: Scd11, Scd12, Scd21, Scd22, Sdcl11, Sdc12, Sdc21, Sdc22
2. Interlane frequency-domain specification

— Differential-mode characteristics: Sdd11 / Sdd22
— Common-mode characteristics: Sccll / Scc22

A.4.2.4.1 Intralane Frequency-domain Specification

The port assignment for the intralane frequency domain specification test is shown in Figure A-25. For the
intralane specification test, the four ports are assigned to the N and P lines of a differential pair. The
S-parameters can be extracted from dc to 5 GHz.

p1— F— p2
p3 — —— p4

}Differential pair 1

SWPS040-186

Figure A-25. Port Assignment for the Intralane Frequency-domain Specification

A4.2411 Sddl2

Sdd12 represents the differential-mode insertion loss of the differential line. Bigger Sdd12 indicates that
the transmission line has smaller loss. Since the insertion loss is proportional to the length of the lossy
transmission line, Sdd12 will be smaller as the length increases.

So for the OMAP board, we recommend that the total conductor length be smaller than 100 mm for the
PCB differential lines, whose electrical behavior is similar to that in Figure A-26. The ideal lossless
differential line has Sdd12 = 1, which is 0 dB. The Sdd12 is recommended to be larger than the below line
from dc to 5 GHz. If the designed differential lines have lower Sdd12 than the specification, the lines can
be improved by reducing the length of the differential lines.
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Figure A-26. Intralane Sdd12 Frequency-domain Specification

A.4.24.1.2 Sddll/Sdd22

Sdd11 / Sdd22 represents the differential-mode return loss of the differential line. Smaller Sdd11 / Sdd22
indicates that the transmission line has smaller return loss. The ideal differential line with Zg = 50 Q (Z,diff
=100 Q) has Sdd11 / Sdd22 = 0, which is —~ dB. Sdd11 / Sdd22 is tightly related to the differential-mode
characteristic impedance of the differential line. Sdd11 / Sdd22 is recommended to be smaller than the

below line.

Sdd11/Sdd22

0
-10
-20
Q _30
-40
Frequency | Sdd11/Sdd22

0.1 GHz >-35dB

-50 1 GHz >-20dB

5 GHz >-5dB
-60

10° 10°

Frequency (GHz)

SWPS040-188

Figure A-27. Sdd11/Sd22 Frequency-domain Specification

If the designed differential lines have higher Sdd11 / Sdd22 than the specification, the differential lines can
be improved by adjusting the space distance between the N and P lines of a differential pair. It is because
the differential-mode characteristic impedance is mostly affected by the space.

Copyright © 2010-2012, Texas Instruments Incorporated

OMAP4430 Processor Multimedia Device PCB Guideline 423
Submit Documentation Feedback
Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

A.4.2.4.13 Sccll/Scc22

Sccll / Scc22 represents the common-mode return loss of the differential transmission line. The smaller
of Sccll / Scc22 indicates the transmission line has smaller return loss. Sccll / Scc22 is tightly related to
the common-mode characteristic impedance of the differential line. The ideal differential line with Z, = 50
Q (Z,diff = 100 Q) has Sccll / Scc22 = 0, which is —~ dB. Sccll / Scc22 is recommended to be smaller
than the line below.

Intralane Scc11/Scc22

dB

&

o
\
\

Frequency| Scc 11/Scc22
0.1 GHz > -40 dB

1 GHz >-25dB

-50 5 GHz >-10 dB
-60 > .
10 10

Frequency (GHz) SWPSOI0188

Figure A-28. Intralane Scc11/Scc22 Frequency-domain Specification

If the designed differential lines have higher Sccll / Scc22 than the specification, the differential lines can
be improved by changing the power and ground nets around the lines. It is because the common-mode
characteristic impedance is mostly affected by the power and ground nets around.

A.4.2.41.4 Scdll, Scd12, Scd21, Scd22, Sdcll, Sdcl12, Sdc21, Sdc22

Scdl11, Scd12, Scd21, Scd22, Sdcll, Sdcl2, Sdc21 and Sdc22 represent the mode-conversion factors
between the common-mode signal and the differential-mode signal. The lower number means that the
conversion is smaller. They are recommended to be smaller than the below line. If the designed
differential lines have higher mode-conversion factors than the specification, the differential lines can be
improved by improving the symmetry between the N and P lines of a differential pair. If the two lines are
perfectly symmetric, the mode-conversion factors will be 0, which is —~ dB.
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Figure A-29. Intralane Scd11, Scd12, Sdc11, Sdc12 Frequency-domain Specification

A.4.2.4.2 Interlane Frequency-domain Specification

In this section, the interlane frequency-domain specification is described between differential lines. In the
interlane specification test, one line is chosen from a differential pair and the other line is chosen from
another differential pair, as shown in Figure A-30. Then, the S-parameters will be extracted from dc to 5
GHz with a 3D Maxwell Equation solver such as high-frequency structure simulator (HFSS) or equivalent,
and the frequency-domain behavior will be compared to the frequency-domain specification given here.
Since it is desired that the crosstalk between differential pairs be smaller, the differential-mode and
common-mode characteristics requirement is stricter than the intralane specification.

_| |_
Differential pair 2
p1 — —— p2
p3 — — p4
Differential pair 3
_' '_

SWPS040-191

Figure A-30. Port Assignment for the Interlane Frequency-domain Specification

A.4.2421 Sddll/Sdd22

Sdd11 / Sdd22 represents the differential-mode return loss of the two lines. The ideal condition for the
interlane specification is to place the two lines far away from each other not to have any crosstalk. Then,
the ideal interlane Sdd11 / Sdd22 = 0, which is —~ dB. Sdd11 / Sdd22 is recommended to be smaller than
the below line.
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Figure A-31. Interlane Sdd11 / Sdd22 Frequency-domain Specification
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If the designed differential lines have higher Sdd11 / Sdd22 than the specification, the differential lines can
be improved by two ways. One way is to adjust the space distance between the N and P lines of a
differential pair, and the other way is to put ground/power nets between the two lines to reduce the

crosstalk.

A.4.2.4.2.2 Sccll/ Scc22

Sccll / Scc22 represents the common-mode return loss of the two lines. The ideal interlane Sccll /
Scc22 =0, which is —~ dB. Sccll / Scc22 is recommended to be smaller than the below line. If the
designed differential lines have higher Sccll / Scc22 than the specification, the differential lines can be
improved by putting ground/power nets between the two lines.

dB

Figure A-32. Interlane Sccl1l/ Scc22 Frequency-domain Specification
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A.4.3 MIPI D-PHY PCB Guidelines in OMAP4

The MIPI D-PHY signals include the CSI21, CSI22, DSI1, and DSI2 interfaces to or from the OMAP4430.
For more information regarding the MIPI-PHY signals and corresponding balls, see Section 2.4, Signal
Descriptions.

Note that OMAP4460 features an additional CSI2 lane. For more information, see the OMAP4460 ES1.0
data manual or OMAP4460 vs OMAP4430 DM Delta addendum.

In next section, the PCB guidelines of the following six differential interfaces are presented.

* CSI21 and CSI22 MIPI CSI-2 @ 1.0 Gbps

* CSI21 and CSI22 MIPI CSI-2 @ 824 Mbps

* CSI21 and CSI22 MIPI CSI-2 @ 800 Mbps

+ DSI1 and DSI2 MIPI DSI1 @ 900 Mbps

+ DSI1 and DSI2 MIPI DSI1 @ 824 Mbps

A.4.3.1 CSI21 and CSI22 MIPI CSI-2 @ 1 Gbps (Up to 3 Data Lanes, OPP100), @ 824 Mbps (Up to 4 Data
Lanes, OPP100), @ 800 Mbps (Up to 4 Data Lanes, OPP50) Device PCB Guidelines

CAUTION

If the skew degradation due to the interconnect (from the output transmitter ball to the
input receiver ball) between the clock and the data lanes is less than £170 ps (instead of
+200 ps in the MIPI D-PHY specification), then 1 Gbps per data lane is achievable with
4 data lanes at OPP100 operating point. This must be met for an interconnect length
less than 10 cm.

NOTE
The CSI21 and CSI22 MIPI CSI-2 application timings are described in Section 6.5.1.1,
Camera Serial Interface (CSI2) (especially, the timing conditions are specified in the “Timing
Conditions” tables of this section).

First, the following PCB guidelines for CSI2 working up to 1.0 Ghps are presented based on the three-step
design and validation methodology described in Section A.4.2, Three-step Design and Validation
Methodology for OMAP Boards.

For the design of the PCB differential lines on the OMAP board, the PCB designers need to keep in mind
the requirements of Step 1 and Step 2: the characteristic impedance must be 50 Q, the total length must
be smaller than 100 mm, and the length mismatch requirements must be satisfied.

Then, after the PCB design is finished, the S-parameters of the PCB differential lines will be extracted with
a 3D Maxwell Equation Solver such as high-frequency structure simulator (HFSS) or equivalent, and
compared to the frequency-domain specification as outlined in Step 3 of design methodology. If the PCB
lines satisfy the frequency-domain spec, the design is done. Otherwise, the design needs to be improved.

A.4.3.1.1 Step 1: General Guidelines

The general guidelines for the PCB differential lines of CSI2 are given as:
* Single-ended Z;, =50 Q
+ Total conductor length on OMAP board < 100 mm.

In the step, the general rule of thumb for the space S = 2 * W is not designated (see Figure A-24). It is
because although the S = 2 * W rule is a good rule of thumb, it is not always the best solution. The
electrical performance will be checked with the frequency-domain specification in Step 3. Even though the
designers does not follow the S = 2 * W rule, the differential lines are ok if the lines satisfy the
frequency-domain specification in Step 3.
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A.4.3.1.2 Step 2: Length Mismatch Guidelines

A.4.3.1.2.1 Step 2: Length Mismatch Guidelines—CSI21 and CSI22 MIPI CSI-2 @ 1.0 Gbps

The guidelines of the length mismatch for CSI-2 are presented in Table A-8. The intralane length
mismatch must be less than 0.5 mm, and the interlane length mismatch must be less than 1.5 mm.

A.4.3.1.2.2 Step 2: Length Mismatch Guidelines—CSI21 and CSI22 MIPI CSI-2 @ 824 Mbps

Table A-8. Length Mismatch Guidelines for CSI-2 @ 1.0 Gbps

PARAMETER TYPICAL VALUE UNIT
Operating speed 1000 Mbps
Ul (bit time) 1000 ps
Intralane skew (Ul / 300) 3 ps
Length between N and P traces 0.5 mm
Interlane skew (Ul / 100) 10 ps
Length between pairs 15 mm

The guidelines of the length mismatch for CSI-2 are presented in Table A-9.

Table A-9. Length Mismatch Guidelines for CSI-2 @ 824 Mbps

PARAMETER TYPICAL VALUE UNIT
Operating speed 824 Mbps
Ul (bit time) 1213 ps
Intralane skew (Ul / 300) 4 ps
Length between N and P traces 0.6 mm
Interlane skew (Ul / 100) 12 ps
Length between pairs 1.8 mm

A.4.3.1.2.3 Step 2: Length Mismatch Guidelines—CSI21 and CSI22 MIPI CSI-2 @ 800 Mbps

The guidelines of the length mismatch for CSI-2 are presented in Table A-10. The intralane length
mismatch must be less than 0.6 mm, and the interlane length mismatch must be less than 1.8 mm.

Table A-10. Length Mismatch Guidelines for CSI-2 @ 800 Mbps

PARAMETER TYPICAL VALUE UNIT
Operating speed 800 Mbps
Ul (bit time) 1250 ps
Intralane skew (Ul / 300) 4 ps
Length between N and P traces 0.6 mm
Interlane skew (Ul / 100) 12 ps
Length between pairs 1.8 mm

A.4.3.1.3 Step 3: Frequency-domain Specification Guidelines

With the information in Step 1 and Step 2, the PCB designers can draw the PCB differential lines

satisfying the Step 1 and Step 2 requirements.

However, although the PCB designers draw the lines carefully, the lines can have poor electrical
performance due to many reasons.
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The vertical connections such as vias and nonuniform line connection can degrade the electrical
performance of the differential lines. And the ground design around the lines can also affect the electrical
performance.

So, to ensure that the differential lines are well designed, the frequency-domain behavior must be
compared to the frequency-domain specification in Section A.4.2.4, Step 3: Frequency-domain
Specification Guidelines for OMAP Boards.
1. Intralane frequency-domain specification

— Differential-mode characteristics: Sdd12, Sdd11 / Sdd22

— Common-mode characteristics: Scc11/Scc22

— Mode-conversion characteristics: Scd11, Scd12, Scd21, Scd22, Sdcll, Sdcl12, Sdc21, Sdc22
2. Interlane frequency-domain specification

— Differential-mode characteristics: Sdd11 / Sdd22
— Common-mode characteristics: Sccll / Scc22

A.4.3.2 DSI1 and DSI2 MIPI DSI1 @ 900 Mbps (Up to 3 Data Lanes), @ 824 Mbps (Up to 4 Data Lanes)

Device PCB Guideline

NOTE
The DSI1 and DSI2 MIPI DSI1 application timings are described in Section 6.5.2.3, Display
Serial Interface (DSI) (especially, the timing conditions specified in the “Timing Conditions”
tables of this section).

In this section, the PCB guidelines for DSI1 working up to 900 Mbps are presented based on the
three-step design and validation methodology described on Section A.4.2, Three-step Design and
Validation Methodology for OMAP Boards.

A.4.3.2.1 Step 1: General Guidelines

The general guidelines for the PCB differential lines of DSI1 are given as:
* Single-ended Z, =50 Q
+ Total conductor length on OMAP board < 100 mm.

In the step, the general rule of thumb for the space S = 2*W is not designated (see Figure A-24). It is
because although the S = 2*W rule is a good rule of thumb, it is not always the best solution. The
electrical performance will be checked with the frequency-domain specification in Step 3. Even though the
designers does not follow the S = 2*W rule, the differential lines are ok if the lines satisfy the
frequency-domain specification in Step 3.

A.4.3.2.2 Step 2: Length Mismatch Guidelines

A.4.3.2.2.1 Step 2: Length Mismatch Guidelines—DSI1 and DSI2 MIPI DSI1 @ 900 Mbps

The guidelines of the length mismatch for DSI1 are presented in Table A-11.

Table A-11. Length Mismatch Guidelines for DSI1 @ 900 Mbps

PARAMETER TYPICAL VALUE UNIT
Operating speed 900 Mbps
Ul (bit time) 1111 ps
Intralane skew (Ul / 300) 3.7 ps
Length between N and P traces 0.55 mm
Interlane skew (Ul / 100) 11.1 ps
Length between pairs 1.66 mm
Copyright © 2010-2012, Texas Instruments Incorporated OMAP4430 Processor Multimedia Device PCB Guideline 429

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

OMAP4430 I3 TEXAS

INSTRUMENTS

SWPS041D —DECEMBER 2010—-REVISED JANUARY 2012

www.ti.com

A.4.3.2.2.2 Step 2: Length Mismatch Guidelines—DSI1 and DSI2 MIPI DSI1 @ 824 Mbps

The guidelines of the length mismatch for DSI1 are presented in Table A-12. The intralane length
mismatch must be less than 0.6 mm, and the interlane length mismatch must be less than 1.8 mm.

Table A-12. Length Mismatch Guidelines for DSI1 @ 824 Mbps

PARAMETER TYPICAL VALUE UNIT
Operating speed 824 Mbps
Ul (bit time) 1213.59 ps
Intralane skew (Ul / 300) 4 ps
Length between N and P traces 0.6 mm
Interlane skew (Ul / 100) 12 ps
Length between pairs 1.8 mm

A.4.3.2.3 Step 3: Frequency-domain Specification Guidelines

The frequency-domain specification is given in Section A.4.2.4, Step 3: Frequency-domain Specification

Guidelines for OMAP Boards.

A.4.4 USBAO PHY Interface in OMAP4

The USBAO interface DP and DM signals are the positive and negative signals from the USB transceiver
contained within the OMAP4430. These signals (DP or D+ (ushaO_otg_dp) and DM or D-

(usbaO_otg_dm)) are connected to the OMAP4430 on balls B5 and B4, respectively.

Section A.4.4.1 describes the USBAO DP and DM PCB guidelines recommended for the OMAP4430

device.

A.4.41 USBAO PHY PCB Guideline

The length of DP / DM traces measured between OMAP4 and the common mode choke must follow the
requirements detailed in Table A-13 to make sure that the reflections always hit the eye diagram at an

optimum point in the unit interval.

NOTE
Distance between the common mode choke filter (ACM2012H in Figure A-33) and IEC ESD
protection (TPD4S012 in Figure A-33) device must be as short as possible: < 30 ps

Similarly, the distance between IEC ESD protection device (TPD4S012DRY in Figure A-33)
and the USB connector (Mini A-B receptacle in Figure A-33) must be as short as possible: <
30 ps

USB standard connector must be used (micro-AB or mini-AB)

USB grounds must be shorted to the board ground plane with minimum routing (only VIA
must be used to connect to ground plane to avoid loop creation and so to reduce
electromagnetic interference (EMI) effect.

Table A-13. USB Optimized Trace Length

PARAMETER MIN TYP MAX UNIT
DP and DM differential impedance 90 100 Q
DP and DM individual impedance 45 49 Q
Trace length delay for 1 mm 6.66 ps
Recommended intralane mismatch between DP | Distance 1 mm
and DM Skew 6.66 ps
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Table A-13. USB Optimized Trace Length (continued)

PARAMETER MIN TYP MAX UNIT
HS operating speed 480 Mbps
Unit interval (bit time) 2080 ps
Recommended board delay for optimum eye aperture between OMAP and CMF-ESDW 510 530 680 ps
Recommended distance between OMAP and CMF-ESD® 76.58 79.58 102.10 mm

(1) The board delay is the delay between DP and DM OMAP4 ball levels (usha0_otg_dp and usbaO_otg_dm) and the common mode choke

filter (CMF, ACM2012H).

For more information see Figure A-33, USB Implementation Proposal with TWL6030 PMIC.
(2) The board distance between the DP and DM OMAP ball level (usba0_otg_dp and usba0_otg_dm) and the common mode choke filter

(CMF, ACM2012H) is calculated based on the trace length delay for 1 mm (6.66 ps).

If the above recommended requirement are not possible on customer board, the following requirements
are also possible between the OMAP and the common mode choke. These values have been computed
to minimize the bad effect of the reflection on the eye diagram.
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Table A-14. USB Trace Length With N Multiple

PARAMETER MIN TYP MAX UNIT
Unit interval (480 Mbps) 2080 ps
Recommended board characteristics for optimum | N =0 510 530 680 ps
eye aperture@E (Recommended Value)
N=1 1550 1570 1720 ps
N=2 2590 2610 2760 ps
N=3 3630 3650 3800 ps

(1) The board delay is the delay between DP and DM OMAP ball levels (usba0O_otg_dp and usba0_otg_dm) and the common mode choke
filter (CMF, ACM2012H). For more information see Figure A-33, USB Implementation Proposal with TWL6030 PMIC.

(2) The possible board delay value is calculated as follows:

N * % * Ul + Optimum Board delay (530 ps), with N =0, 1, 2, or 3.

(3) The board distance between the DP and DM OMAP ball level (usba0_otg_dp and usba0_otg_dm) and the common mode choke filter
(CMF, ACM2012H) is calculated based on the trace length delay for 1 mm (6.66 ps).

NOTE

Remember that the distance between the common mode choke filter (ACM2012H in
Figure A-33) and IEC ESD protection (TPD4S012 in Figure A-33) device must be as short as
possible (< 30 ps).

Similarly, for the distance between

IEC ESD protection device (TPD4S012DRY in

Figure A-33) and the USB connector (Mini A-B receptacle in Figure A-33) must be as short
as possible (< 30 ps).

A.4.4.2 USBAO PHY Implementation Example

Figure A-33 proposes an example of USBAO PHY implementation with a TWL6030 PMIC and a
TPD4S012 component.

USB-0OTG
OMAP
ACM2012H USB10TG
m% ( DP } 10 usba0_otg_dp
é;g; ~ }, DN [, 10 usba0_otg_dm
§§ A O | usba0_otg_ce
CCONﬁUSE
4.7 uF TWL6030
T Canves USsB
0.1 uF N vBUS_BI3:1]
I D
- = CHRG_DET_N_PROG| | (C CHEN )e—r— Power
Cuaus_uss VUSB PO »( VUSB_3P3 P | vdda_usbalotg_3p3v
CHRG_SW_B[3:1] [ie VBAT  Je— _L
= Lsw_uss Rens_uss T
CHRG_BOOT PO - Csoonusa - _;_ P | vssa_usbaOotg_3p3v
CHRG_CSIN| PI I comuse
CHRG_CSOUT| PI B vada_usbasotg_1p8v
CHRG_AUXPWR | PI }_ _L
CHRG_PMID_B[3:1] T
CPMMUSB —E E ]T:CAUXPWFLUSE _;_ —
C_'_
'VREF_USB LDO
= JT- Vexio BATTERY
0 | vBAT
SWPS040-194
Figure A-33. USB Implementation Proposal with TWL6030 PMIC
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A.4.4.3 ESD Implementation—USBAO PHY

NOTE
For more information on system ESD, see Section A.2.4, System ESD Generic Guideline.

+ ESD: USB standard connector has 4 pins: DP and DM attached to OMAP4430 and ID and VBUS pins
attached to the TLW6030 PMIC IC device.

— For DP and DM pins:

« ESD protection device must be preferably an array with a low capacitance (< 1.0 pF typical) and
a low turn-on resistance (Rdyn < 1.2 Q) while VBUS pin is designed to tolerate 20 V.

« Common mode choke filter (CMF) must be placed between the ESD protection and the
OMAP4430 to minimize electromagnetic interference (EMI).

« If CMF is implemented, no isolation resistor is required and system ESD is greatly strengthened.

» DC series resistance of the CMF needs to be 1 Q maximum. Common mode bandwidth (Scc21)
must not exceed 50 MHz.

— For VBUS and ID pins:

* For the VBUS pin, a broadband decoupling capacitor reduces noise in the VBUS power line. In
addition, a large decoupling capacitor will absorb the ESD pulse energy.

* For the ID pin, a chip ferrite bead placed between the ESD protection and the PMIC is
recommended.

NOTE
System level ESD results (following IEC 61000-4-2 standard) are dependent on the
components being connected to the product.

Part numbers that are different than the reference board specification described in
Table A-15 are not assured to meet system level ESD requirements.

Table A-15. USB Component References

INTERFACE DEVICE SUPPLIER PART NUMBER
USBPHY TVS TI TPD4S012DRY
CMF TDK ACM2012H-900-2P
CFB Murata BLM15PD121SN1
Cc Murata [1 uF /25V/0603] GRM188R71E105KA12D
EMICAP Murata [0.1 yF /16V ] NFM18PC104R1C3

A.45 HDMI Interface in OMAP4

NOTE
For more information on HDMI, please contact your TI representative.

NOTE
For more information on system ESD, see Section A.2.4, System ESD Generic Guideline.

A5 TVOUT Interface in OMAP4

NOTE
For more information, see Section 5, Video DAC Specifications.
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A.5.1 TV-OUT PCB Requirements

The total parasitic seen on analog I/O node have severe impact on the performance of the Video DAC.
Table A-16 shows the total parasitic that can be tolerated by the module.

Table A-16. Video DAC Total Parasitic

NODE R (Q) L (nH) C (pF) COMMENTS

cvideo_vfb (VFB) See® See® 1 Very sensitive node. Increased resistance introduces gain
error.

cvideo_tvout (TVOUT) See® See® 14 Increased resistance introduces nonlinearity.

vdda_hdmi_vdac (VDDA) 0.08 25 - Low resistance is critical to avoid headroom issues.

vssa_hdmi_vdac (VSSA) 0.08 3 - Low resistance is critical to avoid headroom issues.

cvideo_rset (RSET) 0.06 1.1 5 Low resistance results in better noise performance.

(1) On-board trace lead to the Video DAC node needs to have a characteristic impedance of 75 Q.

A.5.1.1 Self Parasitic Requirements

Table A-17. TV-OUT PCB Requirements (Self Parasitics)®

NODE R (Q) L (nH) C (pF) COMMENTS

cvideo_vib (VFB) See® See® 1 :}/rer(r)yr sensitive node. Increased resistance introduces gain
cvideo_tvout (TVOUT) See® See® 14 Increased resistance introduces nonlinearity.
vdda_hdmi_vdac (VDDA) 0.08 2.5 - Low resistance is critical to avoid headroom issues.
vssa_hdmi_vdac (VSSA) 0.08 3 - Low resistance is critical to avoid headroom issues.
cvideo_rset (RSET) 0.06 1.1 5 Low resistance results in better noise performance.

(1) On-board trace lead to the TVOUT node needs to have a characteristic impedance of 75 Q.

A.5.1.2 Mutual Capacitance Requirements

Table A-18. TV-OUT PCB Requirements (Mutual Capacitance)

CAPACITOR VALUE

cvideo_vfb (VFB)

NODE1 NODE2 CAPACITOR NAME (fF) COMMENTS
cvideo,_rset (RSET) cvideo_vib (VFB) c1 See® Maximum total coupling including parasitics
from PCB
. cvideo_tvout Maximum total coupling including parasitics
cvideo_rset (RSET) (TVOUT) c2 16 from PCB
Any other net accept
for cvideo_tvout
(TVOUT),
. vdda_hdmi_vdac Maximum total coupling including parasitics
cvideo_rset (RSET) (VDDA), C3 30 from PCB
vssa_hdmi_vdac
(VSSA), and

(1) There is some flexibility for budgeting the coupling between RSET and VFB and between RSET and TVOUT since the VFB signal
follows the TVOUT signal. C1 or C2 can be greater than 60 fF but the sum of C1 plus C2 must be less than or equal to 120 fF. C3 must
be less than or equal to 30 fF even if the sum of C1 plus C2 is less than 120 fF.
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A.5.1.3 Mutual Inductance Requirements

Table A-19. TV-OUT PCB Requirements (Mutual Inductance)®

cvideo_vfb (VFB)

MUTUAL
NODE1 NODE2 INDUCTANCE INDUCTANCE COMMENTS
VALUE (nH)
NAME
cvideo_rset (RSET) cvideo_vfb (VFB) M1 24 P:I;Xn'rglég total coupling including parasitics
cvideo_rset (RSET) ((:':'l{(/jOe?J_‘IE;IOUt M2 295 ;\:ngnln;gné total coupling including parasitics
Any other net accept
for cvideo_tvout
(TVOouT),
cvideo_rset (RSET) \(/\(;IcDiaD_Ar\l)dml_vdac M3 1.5 ;\:ngnln;gné total coupling including parasitics
vssa_hdmi_vdac
(VSSA), and

(1) Itis recommended to shield RSET with VSSA to achieve above requirements for low mutual coupling.

A.5.2 TV-OUT Implementation Proposal

I Analog TV

O | Cvideo_vfb

*—/ W

O | Cvideo_tvout

fm T T T T T T T T e e e e e \
: TV-Out :
1 1
! Connector |
|- 1 R

I Analog TV | FB_CVID
! g 270 nH ! 2.7KQ
| Cvideo | | |« \ 4 VDAC /Y VY ‘—( Cvideo }:
! GND | P T !
1 ! RrseT_cvip
Bt — = — = = Sk — | 4.7KQ

\ J VD-/iC
79

TPD2E009

| | Cvideo_rset

Power supply

220 nF

CVDDAfHDM-VDAC

n vdda_hdmi_vdac

-

P | vssa_hdmi_vdac

SWPS040-195

Figure A-34. TV-Out—Full Scale DC-Coupled Interconnections

A.5.3 ESD Implementation—TV-OUT

NOTE

For more information on system ESD, see Section A.2.4, System ESD Generic Guideline.

If the ac or dc modes are used, then external ESD protection is required for the TVOUT pin.

The TV-OUT interface has been designed for a maximum application mode ESD strike of 8 kV with an
external protection circuit consisting of a series inductor of at least 270 nH with one of its terminals

connected to TVOUT and its other terminal connected to an ESD diode clamp.

Copyright © 2010-2012, Texas Instruments Incorporated

OMAP4430 Processor Multimedia Device PCB Guideline

Submit Documentation Feedback
Product Folder Link(s): OMAP4430

435

PRODUCT PREVIEW


http://www.ti.com/product/omap4430?qgpn=omap4430
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SWPS041D&partnum=OMAP4430
http://www.ti.com/product/omap4430?qgpn=omap4430

M3IATHd 109NnAO0dd

Public Version

13 TEXAS
OMAP4430 INSTRUMENTS
SWPS041D —-DECEMBER 2010—REVISED JANUARY 2012 www.ti.com

It is recommended to use at least two ESD diode clamps in parallel. The TI-TPD2EO09 ESD diode clamp
is recommended for IEC protection.

NOTE
System level (IEC) ESD results are dependent on the components being connected to the
product.

Part numbers that are different than the reference board specification are not assured to
meet the system level requirements.

Table A-20. TVOUT Component Reference

DEVICE SUPPLIER PART NUMBER
TVOUT TVS Tl TPD2EO09DRY
L 0402/270 nH
A.6 Clock Guidelines
NOTE

For more information on system clocks, see Section 4, Clock Specifications.

A.6.1 32-kHz Oscillator Routing

When designing the printed-circuit board:

Keep the crystal as close as possible to the crystal pins X1 and X2.

Keep the trace lengths short and small to reduce capacitor loading and prevent unwanted noise
pickup.

Place a guard ring around the crystal and tie the ring to ground to help isolate the crystal from
unwanted noise pickup.

Keep all signals out from beneath the crystal and the X1 and X2 pins to prevent noise coupling.

Finally, an additional local ground plane on an adjacent PCB layer can be added under the crystal to
shield it from unwanted pickup from traces on other layers of the board. This plane must be isolated
from the regular PCB ground plane and tied to the GND pin of the RTC. The plane mustn't be any
larger than the perimeter of the guard ring. Make sure that this ground plane doesn't contribute to
significant capacitance (a few pF) between the signal line and ground on the connections that run from
X1 and X2 to the crystal.
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Figure A-35. Slow Clock PCB Requirements

A.6.2 Oscillator Ground Connection

Although the impedance of a ground plane is low it is, of course, not zero. Therefore, any noise current in
the ground plane causes a voltage drop in the ground. If the two capacitors of the oscillator are connected
directly to the ground plane, the voltage drop in the red portion of the ground in Figure A-36 will be
overlaid to the oscillator signals. If the noise related voltage drop is big enough, the oscillator may be
disturbed.

Device

Lo
[

Noise current

A
<«
SWPS040-197

Figure A-36. Poor Oscillator Ground Connection

The overlay of ground noise may be avoided by providing an extra ground trace for the oscillator ground
as indicated in green in Figure A-37. Even in a multilayer PCB this is a powerful measure to improve the
susceptibility of the oscillator.
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Figure A-37. Optimized Oscillator Ground Connection

A.6.3 Electromagnetic Interference (EMI) Prevention in Clock Distribution

The following section gives a series of guidelines and methods to reduce EMI. Here are some of these
methods:

Place the clock drivers near the center of the PCB rather than at the periphery. A periphery location
increases the magnetic dipole moments.

For clock traces that are routed on the surface plane, to further reduce EMI, it is better to route parallel
ground traces on either side of the clock trace. However, it is even better to place the clock traces in
the layer in between ground and the Vcc plane.

Not use right angles or ‘T’ crosses. Right angles increase trace capacitance and also add an
impedance discontinuity that effect the signal degradation.

Impedance must be matched as closely as possible. Usually cases impedance mismatches cause
emissions. Signal integrity mainly depends on impedance matching.

Do not run long clock traces parallel to each other because they affect crosstalk that contributes to
EMI.

It is a good idea to make sure that the spacing between traces is at least equal to the trace width.

A.7 Ground Guidelines

A.7.1 Guard Ring on PCB Edges

The mayor advantage of a multilayer PCB with ground-plane is the ground return path below each and

every signal or power trace.

As shown in Figure A-38 the field lines of the signal return to PCB ground as long as an “infinite” ground is

available.

Traces near the PCB-edges do not have this “infinite” ground and therefore may radiate more than others.
Thus signals (clocks) or power traces (core power) identified to be critical must not be routed in the vicinity

of PCB-edges, or, if not avoidable, must be accompanied by a guard ring on the PCB edge.
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Figure A-38. Field Lines of a Signal Above Ground
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Figure A-39. Guard Ring Routing

The intention of the guard ring is that HF-energy, that otherwise would have been emitted from the
PCB-edge, is reflected back into the board where it partially will be absorbed. For this purpose ground
traces on the borders of all layers (including power layer) must be applied as shown in Figure A-39.

As these traces must have the same (HF-) potential as the ground plane they must be connected to the
ground plane at least every 10 mm.

A.7.2 Analog and Digital Ground

For the optimum solution, the AGND and the DGND planes must be connected together at the power
supply source in a same point. This ensures that both planes are at the same potential, while the transfer
of noise from the digital to the analog domain is minimized.
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B Glossary

B.1 Glossary

AC or ac Alternating Current

APLL Analog Phase-Locked Loop

ARM Advanced RISC Machine

ASIC Application-Specific Integrated Circuit
BG Bandgap

BGA Ball Grid Array

CAM Parallel Camera Interface

CCP Compact Camera Port

CDM Charged Device Modem

cJTAG Component Joint Test Action Group, IEEE 1149.1 Standard
CM Clock Manager

CMF Common Mode Filter

CMOS Complementary Metal Oxide Silicon
Csl Camera Serial Interface

DAC Digital-to-Analog Converter

DC or dc Direct Current

DDR Double Data Rate

DISPC Display Controller

DLL Delay-Locked Loop

DMA Direct Memory Access

DMIC Digital Microphone

DPLL Digital Phase-Locked Loop

DSl Display Serial Interface

DSS Display Subsystem

eFuse Electrical Fuse

EMC ElectroMagnetic Compatibility

EMI ElectroMagnetic Interference

EMIF External Memory Interface

EMU Emulation

ESD Electrostatic Discharge

ESL Equivalent Series Inductance

ESR Equivalent series resistance

ETK Embedded Trace kit

ETM Embedded Trace Macrocell

FIR Fast Infrared

FSR Full-Scale Range

FSUSB Full-Speed Universal Serial Bus
GP General-Purpose

GPIN General-Purpose Input

GPIO General-Purpose Input Output
GPMC General-Purpose Memory Controller
HBM Human Body Model

HDI High Density Interconnect

HDMI High-Definition Multimedia Interface
HDQ High-Speed Data Queue

HDTV High-Definition Television
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HFSS
HS

HSI
HSUSB
HWDBG
HYS
1’c

12S

IC

ICE
IEC

LVCMOS
LVDS
McBSP
McSPI
MIPI®

MIR
MMC
MPU
MS-PRO
NA
NAND
NOR
OMAP
PBGA
PCB
PCM
PD
PDM
PDN
PHY
PLL
PMIC

High Frequency Structure Simulator
High speed or high security
High-speed Synchronous Interface
High-Speed Universal Serial Bus
Hardware Debug

Hysteresis

Inter-Integrated Circuit

Inter IC Sound

Integrated Circuit

In-Circuit Emulator

International Electrotechnical Commission (standard organization)

Institute of Electrical and Electronics Engineers
Input Output

Infrared

Infrared Data Association

| * R Drop or Voltage Drop

Interference InterSymbol

Image Sensing Product

International Telecommunications Union

Image and Video Accelerator

Joint Electron Device Engineering Council
Joint Photographic Experts Group (Image format)
Joint Test Action Group, IEEE 1149.1 standard
Liquid-Crystal Display

Low Dropout

Left-Justified Format

Low Power

Low-Voltage CMOS

Low-Voltage Differential Signaling
Multichannel Buffered Serial Port

Multichannel Serial Port Interface

Mobile Industry Processor Interface (MIPI® is a registered trademark of Mobile Industry Processor (MIPI)

Alliance.)

Medium Infrared

MultiMedia Card

Microprocessor Unit

Memory Stick PRO

Not Applicable

Not AND (Boolean Logic)

Not OR (Boolean Logic)

Open Multimedia Applications Platform
Plastic Ball Grid Array

Printed Circuit Board

Pulse Code Modulation

Pull Down

Pulse Density Modulation

Power Delivery Network

Physical Layer Controller
Phase-Locked Loop

Power Management Integrated Circuit
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POP
PTH
PU
QXGA
RAW
RFBI
RGB
RMS
RX
SAP
scL
SDA
sDI
SDIO
SDMMC
SDR
SDRAM
SDRC
SDTI
SIM
SIR
SMPS
SPI
SRAM
ssl
STN
SYNC
sYs
TAP
TBD
TDM
TFT
TUIS
TLL
>
UART
U
ULPI
UsB
UsIM
uT™MI
WKUP
YUV

Package On Package

Plated Though Holes

Pull Up

Quad eXtended Graphics Array
Raw (Image format)

Remote Frame Buffer Interface
Red Green Blue (Image format)
Root Mean Square

Receiver / Receive

TBD

Serial Clock: programmable serial clock used in the I°C interface (can be called also SCLK).

Serial Data: serial data bus in the 1°C interface.
Serial Display Interface

Secure Digital Input Output

Secure Digital MultiMedia Card

Single Data Rate

Synchronous Dynamic Random Access Memory
SDRAM Controller

System Debug Trace Interface
Subscriber Identity Module

Slow Infrared

Switching-Mode Power Supply

Serial Port Interface

Synchronous Random Access Memory
Synchronous Serial Interface

Super Twist Nematic (LCD Panel)
Synchronous

System

Test Access Point

To Be Defined

Time Division Multiplexing

Thin Film Transistor (LCD Panel)
Transmission Line Interconnect System
Transceiver-less Link Logic

Transmitter / Transmit

Universal Asynchronous Receiver Transmitter
Unit Interval

UTMI Low Pin Interface

Universal Serial Bus

Universal Subscriber Identity Module
USB2.0 Transceiver Macrocell Interface
Wake-Up

Luminance + 2 Chrominance Difference Signals (PAL Y, Cr, Cb) Color Encoding
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TlI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
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Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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