Application Note
AM62x Family DDR Debug

i3 TEXAS INSTRUMENTS

Rio Chan, Tushar Thakur

ABSTRACT
This document helps users to know how to debug the DDR TI processor by using Tl Sitara AM62x as an
example. This document presents a clear guideline on how to debug the DDR. This document focuses on the
HS-FS device. If the device is HS-SE, the user must unlock the JTAG on the HS-SE before debugging the DDR.

Three methods are introduced:

1. CCS with JTAG: How to debug and test DDR
2. U-Boot Stage: How to debug and test DDR
3. Kernel Stage: How to debug and test DDR

Navigate here and here for the required HW EVM. Navigate here for the required SW SDK.
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1 Introduction
Use the DDR development flow when using Tl processors.
In general, some key points are:

Follow the DDR/LPDDR layout guide strictly.

Use a single die for design simplicity; this prevents some risks.

When the PCB comes, use the CCS JTAG to verify the read /write consistency.

When the CCS JTAG DDR testing is complete, the user can use the PCB and is ready on the DDR part.
Patch the DDR parameters in U-Boot. Configure the related code.

Select the right DDR/LPDDR
Decide the Topology of the DDR/LPDDR
T-Type or Fly-By mode

Read the DDR/LPDDR layout Guide from TI for the AM62x Redesign
platform (Design or Re-design?)

gL =

Use the Sysconfig Cloud tool to fill in the right parameters

Use the CCS + JITAG to R/W test the DDR/LPDDR first on
users’ PCB

CCS + JTAG DDR/LPDDR pass? Y /N m

4
Sysconfig will generate the DDR/LPDDR paras in the dtsi

Patch the DDR related files for U-Boot and Kernel

Perform U-Boot DDR R/W Test

Perform Kernel DDR R/W Test

Boot Kernel to User Space completed

Figure 1-1. TI DDR4/LPDDR4 Developing flow
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CCS with JTAG: How to Test and Debug DDR

2 CCS with JTAG: How to Test and Debug DDR

This section shows how to use the TI CCS JTAG to debug and verify the DDR. Use the newest version of the
AM62x DDR config tool here. Before using the DDR config tool, use the readme link.

Below is the TI DDR config for the AM62x family. Please see Figure 2-1.

There are five sections:

Config A: This is an important section; review key factors from the DDR datasheet. Determine memory
frequency width, density, and chip select value according to the DDR datasheet.
DRAM Timing A: Set the CL/CWL (Clock write latency) / CA. These three factors must be matched with the

DDR datasheet.

DRAM Timing B: Tl recommends not modifying the parameters here if the user is not familiar with them.
IO Control A: The parameters inside this section must match the PCB design impedance and voltage.
IO Control B: The parameters inside this section must match the PCB design impedance and voltage.

& - Software » AM623/AM625 DDR Subsystem

DDR Memory Type DDR4

Reference Design None

DDR4

Config A) System Configuration

Memory Frequency (MHz) 800

Data Bus Width (per device) 16

Density (per device) (Gb) 16

Chip Selects / Ranks 1

Operating Temperature Range -40C to 85C

Read DBI

LPASR mode Manual mode, Normal temp
TCR mode Disabled

TCRrange Normal

DRAM Timing A) Latency Parameters
DRAM Timing B) Timing Parameters
10Control A) Processor / DDR Controller |0 Configuration

10 Control B) DRAM 10 Configuration

() Problems

There are no problems in the current design.

N < > Generated Files
Filter: all

File name Category

D board_ddrReginit.h AM623/AM625 DDR Subsystem
- D) k3-am62x-ddr-config.dtsi AM623/AM625 DDR Subsystem
. Y ams2x-DDRConfig.gel AM623/AM625 DDR Subsystem
v [ AMs2x-DDRConfig.cmm AM623/AM625 DDR Subsystem

D settings_info.syscfg AM623/AM625 DDR Subsystem
: D untitled.syscfg Configuration Script

v 6 Total Files

Figure 2-1. AM62X DDR Tool Overview
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Select the DDR or the LPDDR. If the LPDDR is used, check the system Power IC (PMIC) design, because

the key point here is in the sleep / power-save mode for keeping the LPDDR power retention.

Decide the topology of the DDR/LPDDR T-type or fly-by mode. Look at the DDR/LPDDR datasheet density
and memory topology config. If the user needs 4G Bytes size DDR, then, there are some kinds of those
topologies. Case 1: Die inside per chip, and one chip is 1GB, thus the user needs four Chips. Thus, 4x1G
=4G. Case 2: Two dies inside per chip, and one chip is 2GB, thus the user needs two chips. Thus, 2x2G =
4G. Case 3: Four dies inside per chip, and 1 chip is 4GB, as a result the user needs one chip. Thus, 1x4G
= 4G. Select Case 3 is simpler to design than cases one and two. Case 3: (Recommended): Users need to
consider the T-Topology vs Fly-By-Topology design; consult the memory vendors.
Read the DDR/LPDDR layout guide from Tl for the AM62x platform. When the HW RD is drawing the DDR/
LPDDR layout, please follow the TI AM62x family processor layout guide. Specify the DDR/LPDDR trace
length and keep the length is in the reasonable length. Select the topology as simply as possible. Single chip
DDR/LPDDR that has the size that fits the user’s needs is the best.
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4. Use the SysConfig Cloud tool to fill in the right parameters. Use the Tl SysConfig Cloud tool (TI recommends
using this tool due to live updates and bug fixes). Use this link. A ti.com account is required. Detailed
configuration steps are shown in Step 6.

5. Use the CCS and JTAG to R/W test the DDR/LPDDR first on the PCB. Use this video to access the AM62x
EVM CCS + JTAG debug demonstration. Detail steps are revealed as the following (applicable only for GP
devices)

Config the AM62X EVM SW3/SW2 as No Boot . For example, JTAG boot.
Connect the XDS200 (XDS200 is an example here) USB port to the NB/PC.
Create the AM62x CCXML, set this as Default, launch the program.
Connect to the TIFS core first.

Connect to the R5F_0_0 core.

Navigate to the menu bar. Navigate to Scripts, There is a DDR testing script

ok whN =

Applicable on HSFS devices:
1. Modify the SBL NULL example’s main.c file to enable only the DDR clock. See Figure 2-2.

\r\n"):

status = SOC moduleClockEnable(TISCI DEV EMIF DATA ISO VD, 1);
status += S0C_moduleClockEnable(TISCI DEV DDR16558, 1);

| (status == : =
loop_forever

status = Board driversOpen();
P 3 status == i

Figure 2-2. DDR Clock Enable
2. Remove the DDR configuration from the example.syscfq file. See Figure 2-3

IE,:_F:_L:HEF 99 oon et adted

& MPORTANT HOTE
i F ¥ 3 eches SORAM zize
F an L 0 ol SORAM snsce is weed for EEC storaoe and the re = i
MCAN
i ¥
MO BiST 7 Clic thee Add bumon to-a3d & DOR B0 your degigr
MMCSD
155 ]
RTC -'...
{ART &
B a3
Figure 2-3. Remove DDR Configuration
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3. Build the SBL example using the following command.

> cd ${MCU+SDK}
> ${gmake|make} -s -C examples\drivers\boot\sbl_null\${device}\r5fss0-0_nortos\ti-arm-clang\
PROFILE=${release|debug}

Keep the EVM in either UART or DFU boot mode

Flash the newly built SBL binary on the EVM either via UART or DFU.

Launch the AM62x.ccxml (target configuration) file and connect to R5F0-0 core
Navigate to the menu bar. Navigate to Scripts and the DDR testing script

No ok

6. SysConfig generates the DDR/LPDDR paras in the dtsi. This DTSI is like this file name: devicetree.The
SysConfig defaults to a generated name if a name is not assigned.

wa Py ¥ ol 5 TING S ib Y ) &
= K 4 & 2 Sofware + AME2: D0 Subsysten G' R D

v DR SUBSYSTEM REGISTE AME2% DOR Subsystem

'y
AMETEDDR Su_ V] =

Category Inchud in build

DOR4

Config A} System Canfiguration

D 8 & 0 O o oo

Figure 2-4. AM62X DDR Tool Key Part

7. Porting the paras in the dtsi to U-Boot. Once the SysConfig tool generates the DDR/LPDDR parameters, the
user must port the parameters onto this file:

U-Boot file:
seéarch/arm/dts/k3-am62x-sk-ddr4-1600MTs.dtsi

8 Use the DDR related files for U-Boot and Kernel. U-Boot Files: earch/arm/dts/k3-am625-r5-sk.dts,
arch/arm/dts/k3-am625-sk.dts, arch/arm/dts/k3-am62x-sk-ddr4-1600MTs.dtsi, drivers/ram/k3-ddrss/k3-ddrss.c

Kernel Files: k3-am625-sk.dts
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9.

Perform the U-Boot DDR R/W Test

U-Boot tool is: Mtest. Click the link to access Tl's U-Boot Mtest document.

=> md 0x100000 0x10 (This means to display 16 bytes from the 0x100000)
00100000: 0000000f 00000010 00000011 00000012  ...........ouun.
00100010: 00000013 00000014 00000015 00000016  ....cevvvvunnnnnn
00100020: 00000017 00000018 00000019 0000001la  ....c.euvvvvuunnnnn
00100030: 0000001b 0000001c 0000001d 0000001le  ..........cevuunn

=> mw 0x100000 Oxaabbccdd (This means to write the Oxaabbccdd to 0x100000
=> md 0x100000 0x10 (This means to display 16 bytes from the 0x100000)
00100000: aabbccdd 00000010 00000011 00000012  ................
00100010: 00000013 00000014 00000015 00000016  ....vvvvvuunnnnn
00100020: 00000017 00000018 00000019 0000001la  ....c.vuvvvvunnnnnn
00100030: 0000001b 0000001c 0000001d 0000001le  ..........oevnvunn

=> mw 0x100000 0 6 (This means to write O for 6 bytes from the 0x100000.)
=> md 0x100000 0x10 (This means to display 16 bytes from the 0x100000)
00100000: 00000000 00000000 00000000 00000000  ..........eou...
00100010: 00000000 00000000 00000015 00000016  ....civvvvnnnnnnn
00100020: 00000017 00000018 00000019 0000001la  .....vvvvvunnnnnn
00100030: 0000001b 0000001c 0000001d 0000001le  ..........cvuunn

10. Perform the Kernel DDR R/W Test. Kernel tool is: Memtest Please make sure the Kernel has this config
enabled before using the Memtest: eECONFIG_MEMTEST=y The Memtest Example command is like this:

Virtual Address Memory Test: memtester 512M 1. Write 1 with 512M size onto the Virtual Memory (System
OS to decide where to write, but the user does not know the physical or actual address.

Physical Address Memory Test (with -p, p means Physical.)

memtester -p 0x880000000 32M 1: This means to write 1 with 32M size onto the Physical Memory address of
0x880000000.

11. Boot Kernel to User Space completed. See Figure 2-5. The Kernel test tool command used below is: Ismsm
+ memtester.

1.
2.
3.

This is section of 4G DDR in total. The DDR tested here is 2Gx2 in 1 DDR Chip.
This shows the online memory can be used in total 4G.
Now, 3G of 4G to do the Memory testing has been tested.

root@am62xx-evm: ~#
root@am62xx-evm:~# lsmem

RANGE IZE STATE REMOVABLE BLOCK
Ox0000000080000000-0x0000RRRRT I f 2G online yes 16-31
Ox0000000880000000-0x0RRRRRBT I 2G online yes 272-287
Memory block size: 128M

Total online memory: 4G @e e

Total offline memory: oB

root@am62xx-evm: ~#

root@am62xx-evm:~# memtester time memtester 3G 1

memtester version 4.5.1 (64-bit)
Copyright (C) 2001-2020 Charles Cazabon.
Licensed under the GNU General Public License version 2 (only).

pagesize is 4096
pagesizemask is Oxfffffffffffffooo

want 3072MB (3221225472 bytes) a———oAl)

got 3072MB (3221225472 bytes), trying mlock ...locked.
Loop 1/1:

Figure 2-5. Kernel DDR Success Log Example
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3 U-Boot Stage: Debug Tips for the DDR

This section describes what abnormal U-Boot logs are related to DDR. Figure 3-1shows the U-Boot stuck in
DDR initialization. This means that the CPU tried to load the SPL onto the DDR, but the DDR is not initialized
correctly. So, the U-Boot is stuck at that stage. This kind of abnormal log is very common to see if there is DDR
that failed to initialize.

| ddr4_4g_0900_boot_log.txt - 305874

BEF) #REE) B0 wR(V) =HE

LJ—Boot SPL 2023.04 (Nov 22 2823 - 18:18:55 +0800)

SYSFW ABI: 3.1 (firmware rev @x8@089 '9.8.5--v09.80.85 (Kool Koala)')
SPL initial stack usage: 13376 bytes

Trying to boot from MMC2

Figure 3-1. Abnormal U-Boot Log Example

Figure 3-2 shows the normal complete boot log on the 4G DDR on the newly designed PCB. Note the two red
arrows in the image. Bank 0 and Bank 1 are having the 2GB DDR4 adapted.

The 4GB is effective.

SDAA250 — FEBRUARY 2026 AMG62x Family DDR Debug

Submit Document Feedback
Copyright © 2026 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SDAA250
https://www.ti.com/feedbackform/techdocfeedback?litnum=SDAA250&partnum=

U-Boot Stage: Debug Tips for the DDR

I

TeExAS
INSTRUMENTS

www.ti.com

Cross checking on the other Tl Platform which adapted 8G LPDDR4, Figure 3-3 shows 8GB.

U-Boot 2023.04-00001-gf5b119738d-dirty (Nov 22 2023 - 10:18:20 +0860)
initcall: PPEEEEEBEEE220884

U-Boot code: B0B80088088 -> BBBDI738 BSS: -> BOBESS18
initcall: PPEEEEEBEEE21eb4d

initcall: PPEEEEEBEBE22198

initcall: PPPEEEEBEEEE2=48

SoC: AME2X SR1.© HS-FS

initcall: PPEEEEEBEEE22aB4

Model: Texas Instruments AMB25 SK

EEPROM not available at 88, trying to read at 81
Reading on-board EEPROM at 8x51 failed -121
initcall: PPEEEEEBEBBE22188

initcall: PPEEEEEBEBE22168

DRAM: initcall: PPPEEEEBEEEB3354

initcall: PPEEEEEBEBE22644

Monitor len: @@BE5010

Ram size: 80000000

Ram top: 100008008

initcall: PPEEEEEBEEE21=80

initcall: PPEEEEEBEEEB2d98

initcall: PPEEEEEBEEE22128

initcall: PPEEEEBBEBE2229c

initcall: PPEEEEBBEBE2281c

Reserving 916k for U-Boot at: ffelagee

initcall: PPEEEEBBEBE2232c

Reserving 32892k for malloc() at: fd5fbeee
initcall: POBOBBBOBOB222cc

Reserving 152 Bytes for Board Info at: fdSfafee
initcall: PPEEEEBBEBE2236cC

Reserving 472 Bytes for Global Data at: fdS5fadge
initcall: POBEBBBOBOB21fac

Reserving 63712 Bytes for FDT at: fdSebdad
initcall: PPEEEEEBEBE222a4

initcall: PPPEEEEBEEE21e94

initcall: PPEEEEEBEBE222bc

initcall: PPEEEEBBEBE226bc

initcall: PPEEEEEBEBEB3358

initcall: PPEEEEEBEBE223bE

RAM Configuration:
Bank #8: B00000088 2 GiB
Bank #1: BB300000088 2 GiB

DRAM: 2 GiB (effective 4 GiB) <=

initcall: POPOEBBOBOB226d0
initcall: POPOEBBOBOB21fB8

Figure 3-2. DDR 4G U-Boot Normal Log.
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U-Boot 2823.@4-gcb5blaf9a4 (Dec 19 2823 - 11:38:44 +0000)

SoC: 17225 5R1.8 HS-FS
Model: Texas Instruments 317225 EVM
Board: J722SX-EVM rev E2
DRAM: 2 GiB (effective 8 GiB) <=
Core: 68 devices, 29 uclasses, devicetree: separate
Warning: Device tree includes old 'u-boot,dm-' tags: please fix by 2023.87!
MMC : mmc@faleeee: o, mmc@faeeeee: 1
Loading Environment from nowhere... OK
In: serial@280080e
Out: serial@23oeeee
Err: serial@28e000e
Net:
wWarning: ethernet@geeeeeeport@l (ethe@) using random MAC address - 6a:53:69:69:9e:e5
ethe: ethernet@geeesseport@l
Hit any key to stop autoboot: @
switch to partitions #@, OK
mmcl is current device
sSD/MMC found on device 1
Failed to load 'boot.scr'
574 bytes read in 29 ms (18.6 KiB/s)
Loaded env from uknv.txt
Importing environment from mmcl ...
21588480 bytes read in 1751 ms (11.8 MiB/s)
68714 bytes read in 36 ms (1.8 MiB/s)
Working FDT set to g3eeeeee
## Flattened Device Tree blob at 8seeeeee
Booting using the fdt blob at exsseeeeee
Working FDT set to 8800eeee
Loading Device Tree to 000000003 feecool, end @3 ... OK
Working FDT set to Bfeecoee

starting kernel ...
Figure 3-3. DDR 8G U-Boot Normal Log

Using the AM62 platform as an example, what are the DDR configurations and related files in U-Boot?
DDR/LPDDR config related file in the U-Boot.

arch/arm/dts/k3-am625-r5-sk.dts b/arch/arm/dts/k3-am625-r5-sk.dts

arch/arm/dts/k3-am625-sk.dts b/arch/arm/dts/k3-am625-sk.dts

k3-am62x-r5-sk-common.dtsi

k3-am62x-sk-ddr4-1600MTs.dtsi

k3-ddrss.c

U-Boot Debug related files:

mmc.c

fat.c

spl.c
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4 Kernel Stage: Debug Tips for the DDR

Figure 4-1 shows the abnormal kernel logs related to DDR. The Arm register value shows when the kernel is
stuck in place, such as PC / SP (Stack pointer) / x29 (FP, frame pointer registers). The DDR is malfunctioning so
that the Arm core cannot access the register with the correct value.

2.

2.

691230

697005 ]

.7032438]
.707324]
.711315]
.714871]
.720421]
.725972]
.731522]
.737073]

.742623]

Hardware name: Texas Instruments AM625 SK (DT)

pstate: 8e@ee005 (Nzcv daif -PAN -UAQ -TCO BTYPE=--)

pc

1r :

sp :

X29:

X27:

X25:

X23:

x21:

x19:

ffffseve1126bdoe

ffffseve1126bdoe

ffff3oool0eecn4da

slajelslatelalalelslalel s aTels)

slajelslatelalalelslalel s aTels)

ffffeeoseoleoeon

slelalelalalalalalalalalalalele)

: alloc fd+oxe8/0x1ed

__alloc fd+ex38/exled

xX28:
X26:
X24;
X22:
X20:

X181

slajelslatelalalelslalel s aTels)

ffffoooso0100080

slajelslatelalalelslalel s Rtels)

slajelslatelalalelslalel s aTels)

ffffeeeelefs1073

000VEVEBEBRBRB1C

Figure 4-1. Abnormal Kernel Log Example

So, what are the DDR configs related files in kernel?
k3-am625-sk.dts
The user can look into this dts and use the section below to modify the DDR size from 2G to 4G.
memory@80000000 {

device_type = "memory";
#/*2G RAM , comment out these for 2G™/
# reg = <0x00000000 0x80000000 0x00000000 0x80000000>;
/* 4G RAM, adding the below for 4G */
reg = <0x00000000 0x80000000 0x00000000 0x80000000>,
<0x00000008 0x80000000 0x00000000 0x80000000>;
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5 Summary

From this application note, users can learn how to debug the DDR by using those tools: JTAG UBoot cmd.
Kernel cmd, and how to check the size of the DDR in the whole system.

6 References

Texas Instruments, SK-AM62B: JTAG DDR4G R/W testing cannot be performed on AM62HS-FS, forum.
Texas Instruments, SK-AM62B: 4G DDR issue, forum.

Texasw Instruments, AM263: Memory can't be configured to 4GB from device-tree, forum.

Texas Instruments, SK-AM62B: AM62B EVM JTAG testing is mul-function?, forum.

Texas Instruments, Unlock JTAG on an HS-SE device, resource explorer.

Texas Instruments, index: ti-u-boot/ti-u-boot, code block.

Samsung, K4ABG165WA-MCTD, datasheet.

Micron, MT40A2G16TBB-062E:F part detail, datasheet.
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