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Overview

- This presentation is covering the tools used by the factory to
optimize and debug DRAM interface on I.MX

- This is not a deep dive in to various i.MX DRAM controller designs
- This is not a training on various DRAM technologies
= Please refer to the JEDEC specs

- These tools are available for use by our customers through the
assigned Freescale FAE's.

- New Information:

- The Processor Expert tool will not be modified to perform the DDR
Stress calibration routines and the actual stress testing.

- Only the “unsupported” tools will be available.
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Overview:. Random But Important Facts

- The MMDC is the first part of the processor to be Initialized
In any boot/startup process.

- If booting the processor from JTAG or the serial downloader, the
MMDC is initialized using a script file.

= Typically identified by .inc or .ds.

- If booting from an operating system, the MMDC register settings
are set apart in a header file. Typically:
= DCD file
= Flash header file

L
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Overview:. Random But Important Facts

(Continued)

- The order of programming MMDC registers is extremely
Important.

- Preliminary: Turn on all necessary clocks
- Section 1:  Program IOMUX Pad setting Registers.
- Section 2:  Program Calibrations Setting Registers.

= Last line: Issue frc_msr to set calibration values in PHY.

- Section 3: Program MMDC timing parameters in Core.
= Last line: Turn on/Initialize core

- Section 4. Program DDR device Mode Registers

- Post: Program Miscellaneous Registers

= Last line: Allows AXI bus to begin passing data to MMDC
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Overview: IOMUX Pad Registers

- Registers are important because:

- Sets the rough range of Drive Strength for dealing with specific DRAM
types and voltages.

- Sets a specific drive strength for the output signal to DDR.
- Selects the method for determining values on incoming signals.

- Register range is not the same across the i.MX6 family:
-i.MX 6DQ: 0x020E050C — 0x020E05C4, 0x020E0748 — 0x020EQ7AC
-1.MX 6SDL: 0x020E0424 — 0x020E04DC, 0x020E0748 — 0x020E078C
-I.MX 6SL: 0x020E020C — 0x020E0354, 0x020EO05AC — 0x020E05D8
-I.MX 6SX: 0x020E02AC — 0x020E0340, 0x020E05F4 — 0x020E0620

- Some register settings are overridden by Group Settings.

L
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Overview: MMDC Timing Registers

- Registers are important because:
- Defines the Memory Address Space available from Physical DRAM.
- Sets timing parameters for Core/PHY to match timing of Physical DRAM.
- Provides mechanism to program DRAM Mode Registers
- Control Register turn on/initializes MMDC Controller.
- Register range is the same across the 1.MX6 family:
- MMDC1.: 0x021B0000 — 0x021B0040
-MMDC2:  0x021B4000 — 0x021B4040  (i.MX 6DQ and 6DL only)
- Settings for registers primarily come from DDR Datasheets.
- These registers must be updated for specific customer boards.
- MMDC2 registers are not programmed for DDR3 operations
- Only necessary for LPDDR2 operations

L
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Overview: MMDC Status/Debug Registers

- Registers are important because:

- Allows for software interaction with MMDC once initialized.

- Allows for debug of MMDC core operations.

- Allows for changing Priorities of incoming data from AXI bus
- Register range is the same across the I.MX6 family:

- MMDC1: 0x021B0400 — 0x021B0440

-MMDC2:  0x021B4400 — 0x021B4440  (i.MX 6DQ and 6DL only)
- These registers are primarily used by software.

- These registers are not typically changed as part of initialization.

L
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Overview: MMDC Calibration Registers

- Registers are important because:
- Allows for adjusting timing parameters to customer specific boards.
- Allows for adjusting drive strengths for current operating conditions.
- Provides a method for determining correct calibration values.
- Register range is the same across the I.MX6 family:
- MMDC1: 0x021B0800 — 0x021B08CO
- MMDC2: 0x021B4800 — 0x021B48C0 (i.MX 6DQ and 6DL only)

- Responsibility for determining correct calibration values is on
customers and values will depend on customer designs.

- MMDC2 registers allow for entering calibration parameters for
bytes 4 — 7, and SDCLK1.

L
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[

- Board bring-up: where DRAM bring-up fits in
- Introduce the tools used for DRAM bring-up

J

- DRAM Register Programming Aid
- Introduction/Overview
- Walkthrough
- DRAM Stress Test
- Introduction/Overview
- How to build and run; deep dive into sub-tests
- DRAM Calibration Overview
- Case Study: MX508 and LPDDR?2 Failure
- Board Design Considerations
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Checklist Item

Details

| owner | Findings & Status

The following items need to be completed serially

Visual Inspection

Check major components to make sure nothing has been misplaced or rotated before applying power.

Verify all SoC voltage rails

Confirm that the voltages match to what is required in the data sheet. Be sure to check voltages not only at
the voltage source, but also as close to the SoC as possible, like on a bypass capacitor. This will reveal any
IR drops on the board which will later cause issues. Ideally all of the SoC voltage rails should be checked,
but noteworthy voltages include those that power the core, internal logic, boot devices, and DRAM (which is
often overlooked).

Verify power up sequence

Verity that Power On Reset (POR) is de-asserted (high) after all power rails have come up and are stable.
Refer to the SoC data sheet for details on power up sequencing. This is an important if not overlooked
process as many complex processors may be very sensitive to the proper power up sequencing.

Measure/probe input clocks (32kHz, 24MHz, others)

Without a properly running clock, the SoC will not function properly. Look for jitter and noise.

JTAG connectivity (RV-ICE, Lauterbach, Macraigor, etc)

This is one of the most fundamental and basic access points to the SoC to allow the debug and execution of
low level code.

Access internal RAM

Verify basic operation of the SoC in system. The on chip internal RAM starts at an address defined in the
reference manual (normally in the Memory Map chapter) and includes the density of the on chip RAM. A
basic test would simply be to perform a write-read-verify to the internal RAM via a JTAG debugger. No
software initialization should be necessary to access internal RAM.

Run basic DDR initialization and test memory

Assuming the use of a JTAG debugger, run the DDR initialization and open a debugger memory
window pointing to the DDR memory map starting address. Try writing a few words and verify if
they can be read correctly. If not, re-check the DDR initialization sequence and if the DDR has been
correctly soldered onto the board. Itis also recommended to re-check the schematic to ensure the
DDR memory has been connected to the SoC correctly. In some cases, a DRAM calibration routine
may need to be executed, see next row.

Run DRAM Stress test (some SoC’s include a DRAM
calibration routine)

A unit test that focuses on the robustness of the DRAM interface. Downloaded through JTAG
debugger into internal RAM. Some SoC’s DRAM stress test, like MX6Q, includes option to run
DRAM calibration.

The following items may be worked on in parallel with other bring up tasks

Verify CLKO outputs (measure and verify default clock
frequencies for desired clock output options); this assumes that
the board design supports probing of the CLKO pin.

This ensures that the corresponding clock is working and that the PLLs are working. This step does require
some chip initialization, for example via the JTAG debugger, to properly set up the IOMUX to output
CLKO and to set up the Clock Control Module to output the desired clock. Refer to the External Signals
and Pin Multiplexing, CCM, and IOMUX sections of the SoC’s reference manual for further details.

Measure boot mode frequencies (set the boot mode switch for
each boot mode and measure the following, depending on what
is available in the system):

- NAND (probe CE to verify boot, measure RE frequency)

- SPI-NOR (probe slave select and measure clock freq)

- MMC/SD (measure clock freq)

This verifies connectivity (at least for a few signals) between the SoC and boot device and that the boot
mode signals are properly set.

Run other unit tests

Once the DRAM interface has been verified as stable, the next step is to run other stand-alone unit tests to
ensure the robustness of other peripherals and external components.

&
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Tools for DRAM Bring-up and Debug

DRAM Register Programming aid

Assuming the use of a JTAG debugger, run the DDR
initialization and open a debugger memory window pointing to
the DDR memory map starting address. Try writing a few words
and verify if they can be read correctly. If not, re-check the

Run basic DDR initialization and test memory DDR initialization sequence and if the DDR has been correctly
soldered onto the board. It is also recommended to re-check the
schematic to ensure the DDR memory has been connected to the
SoC correctly. In some cases, a DRAM calibration routine may
need to be executed, see next row.

A unit test that focuses on the robustness of the DRAM
Run DRAM Stress test (some SoC’s include a interface. Downloaded through JTAG debugger into internal
DRAM calibration routine) RAM. Some SoC’s DRAM stress test, like MX6Q, includes
option to run DRAM calibration.

DRAM Stress Test

L
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 Board bring-up: where DRAM bring-up fits in
- Introduce the tools used for DRAM bring-up

(. DRAM Register Programming Aid h
- Introduction/Overview
— Walkthrough y

- DRAM Stress Test
- Introduction/Overview
- How to build and run; deep dive into sub-tests
- DRAM Calibration Overview
- Case Study: MX508 and LPDDR?2 Failure
- Board Design Considerations

Z “freescale .... .



DRAM Register Programming Aid — Intro

- Tool to help create DRAM init scripts for specific memory types
- Mainly used to help program JEDEC timing parameters
» {RCD, tRC, tRFC, etc...
= and for different DRAM parameters like rows, cols, and chip selects
- Internal tool: Customers told to contact FAE for information
- Excel spread sheet based, transparent, ease-of-use
- “Automatically” creates RVD init script (.inc file)

= To convert RVD to Lauterbach script format, Contact FAE.

= How to modify *.inc script to *.ds for use with D5-Stream:
- Change file name to *.ds
- Substitute “mem set <reg_add> 32 <reg_val>"
- For “set mem /32 <reg_add> = <reg_val>"
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DRAM Register Programming Aid — Intro

(Continued)

- Based on scripts provided by design/validation
- Anyone can use it, change it, fix it, etc...

- Each Programming Aid tool based on DRAM tech (DDR3,
DDR2, LPDDR2, etc)

- What's been created to date:
- MX7D: DDR3, LPDDRS3
- MX6DQ: DDR3, LPDDR2; MX6DL: DDR3,LPDDR2; MX6SL.:
DDR3,LPDDR?2; MX6SX: DDR3, LPDDR2
- MX50: mDDR, LPDDR2, DDR2
- MX28: mDDR, DDR?2

- What about other i.MX? No plans yet, need to resource this if
enough interest

L
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DRAM Register Programming Aid — Intro

(Continued)

- Originated due to Denali controller on MX28 and MX50
- Denali controller complex, many registers to program

- Required use of Denali-specific tools available only to factory
engineers (due to Denali license); burden on factory support

- Even with Denali tools, the DRAM init scripts required further
“tweaking” due to i.MX design integration

- Register programming aid takes into account any “tweaking” and
Incorporates i.MX design specifics (based on scripts from
design/validation)

- Register programming aid offers more visibility on how the DRAM
controller is being programmed

- Register programming aid tool concept carried over to i.MX FIL
base controllers, starting with MX53 and MX6 series

- Tools are available to customers through assigned FAE’s

L
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DRAM Register Programming Aid —

Usage Overview

- Programming aid tool Excel Spreadsheet based

- There are three tabs (worksheets)

P | | e | e [ |
OO = | T | M| = | L [ RO

A0
4 4 » M| How To Use - Register Configuration -~ Realiew .inc file <%

/ N

overview on how to use the tool

“RealView .inc file” tab contains the

Start with “How To Use” tab for automatically generated DRAM initialization

in the ARM RVD vernacular

“Register Configuration” tab is
where the user inputs various
DRAM parameters

L
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DRAM Register Programming Aid —

Usag e Overview (Continued)

How to use the DRAM register programming aid outline | How To Use .~ Register Configuration .~ RealView .inc file ]

Step 1. Obtain the desired DRAM data sheet from the DRAM vendor

The following are to be completed in the Register Configuration Worksheet tab.

egister Configuration .~ RealView .inc file

Note, each spread sheet is for a specific i.MX

dl
Step 2. Update the Device Information table to include the DRAM information and system usage SoC and DRAM memory type.
|Device Information
MTAGHEAMIBLE 5
5003
1
L
1
16
200
Clock Cycle Time {ns) 5

Step 3. Go through the various shaded cells in the spread sheet to update with data from the DRAM sheet (take
special note of the “Legend” table to ascertain the meaning of different shaded cells; in many cases, the cells may
not need to be updated).

Instructions

(On Register Configuration Tab. this color indicates the bitfields
that may be updated but should typically not require it

On Regrster Configuration Tab, this color indicates the bitfields

Pay attention to shaded cells — this is where

Shaded cells may require updating per the DRAM memory data sheet parameters. Certain ‘.;:':: m:::::}‘:;tfzm:ﬁmﬁ: :;'::: :'o:h:. X w yOU InPUt data

registers should not need to be moddied by the user. f a register is not provided then it is changed manually Automatically

[assumed this parameter is not to be changed per the prowded initialzation scapt or that the Updated Setting

register is read-only Certain registers are peonded though they may be noted a3 On Register Configuration Tab. an unshaded call means that the

recommanded to not changs vatue should remamn as is and should not be modified. In these S Don’t touch un-shaded cells

cases, the settings are prowded for completeness

On ather tabs, thes color indicates the cells that are affected by
changes on the Regester Configuration tab. Note, this cell

shading shoukd not used i this worksheet Register Configuration <—_____ Thisisrelevant to the “RealView .inc file”

tab._caly in other tabs that ae affected by cells in this tab tab
a

The following refers to the RealView .inc file Worksheet tab. In this tab, the entire DRAM initialization can be
obtained. This initialization can be used as a RealView include file (see below) or are reference for the bootloader
DRAM initialization.

Step 4. Go to the RealView .inc file Worksheet tab and copy and paste this into a text document (make sure to
rename the document with a “.inc” file ending); this is ready to use with the RealView development system.

Step 5. This .inc file can also be used as a reference for other debugger tools and bootloaders.
R -
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DRAM Register Programming Aid —

Usage Overview (Continued)

* Register
values are
calculated
automatically
from user
inputs

* These
values are
also
automatically
updated to
the
“RealView
.incfile” tab

How To Use ister Configuration .~ RealView .inc file
* These columns are where the user binary
Inputs various DRAM parameters 7“« setting
within parameter Reglster Reglster
dram parameter ns clk reqgister description Register name | address (HER)
Four bank scikste window This pacametar could not be Sound n
Examp|e tRC: sl mODR data shests Mowever to maam consistency
K - with previcus versions of the mODR initiakzation. recommend fo T 2 <
1. User inputs ‘55 wap (s vaius 86 Lo 50 85 @ has no affect on perdormance or W_DRAM_CTLI8 | - GxB00ED0SC . RREIANI0N
(in ‘ns’) TEAW gFAW) £ 19 0AD00000 _|Sunctionalty
TOLL - 0 00000000  [For mDOR. there = no DLL Heep s sal tha 10 0
2. Tool calculates ORAM TMRD parameter in cycles. Detnss the minemum rumbsr
that 55ns=11clks* of cycles mgursd betwean two mods 19gister wiits commands
3 Then configures This is the time required to complete the write operabion to the
: ; TMRD aMRD; 2 02000000 | mods register W ~
blnary settlng for DDR data shest doss nol ke 8 UNIT paramatar hogese this HW_DRAI_CTLA0 | 0xBO0ECOAD. Jj 0x02009C40
reqister timing specifiss the wan tme aftar s1able powser up and stabls
g clock before ramng CKE hagh JEDEC recommands watng a
4. Tool takes all TINET (INIT) 200000 40000 00005C40  [minemum of 200us. No nead fo change ths paamelsr
binary settings to e : 2 Sikiiads ;::::d-! TPLEX paramater » cycles. Thes = the power doan wat
create final register x DRAI TRCD parametsr » cycles. Definee the DRAM RAS to
value TRCO_WT 0RCO) v 15 3 00000300 ‘a"‘nzl“"‘T;?':.f;:_';‘" e e HW_DRAM_CTLA1 | 0xB00E00A4 | 0x00020308
Detween active commands far the same bank in cycles This s
tha sum of tRASHIRP {for tRP. ugs tha all banks paamstar
TRC AIRC) 11 Q0000008 |tRP_AS for safer margin)
* Clock: 200MHz, Z DRAM TRAS_MAX ,.fmma. In cycies Defings the DRAM
clock period: 5ns TRAS JAAX (IRAS fnax|| ] 13000 0OMS000  [maximum row actre time_in cycles y
P / DRATY TRAS_MIHl paramatse in cycias  Definos tha DRAM HW_DRAN_CTLAZ |  0xB00E00AB ) 0XD0368008
TRAS MN tRHS imin)) 40 8 00000008  |minsmum sow activate bme. in cycles
/ DRAI TRP (single bank) parameter m cycles Dafines the
TRP (1) 15 3 03000000 |ORAM pre-charge command time in cycles
Example based on / DRAI TRFC paramater in cycles Definas the DRAM rebesh
TRFC (JRFC) 110 2 00160000 |command time_in cycles
MX28 ORAJA TREF parameter in cycles This iz the auto refresh daty
oyche (alsg called tREFT m some dats shaets) This is the
maximum time alowsd batwean auto refrash commands 10
guarantee that a specified number of acto refresh commands are
sent with 3 Gdms ime peiod The DOR data sheet should AN SN g
Spbclly this peramatir I “Us" pMiCrs seconds). I SOMS Cosss HW_DRAM_CTLS3 | (xB00E00AC Jf Coc03180612
this valoe may haw to be caiculatsd ¢ the DOR data sheet only
spechies the number of meo refresh commands n a Bdms time
nannd i thin case simnlu takes fdme and drada it o the
ACTIVE-to-PRECHARGE WAS |\ 40 | 70,000] 42 |70,000] 42 |70000] 45 |70000] ns | 22 N
command
ACTIVE to ACTIVE/ACTIVE to AU-|  'RC S - 58.2 - &0 - 675 - ns _ H
TO REFRESH command period ? Example Micron mDDR data sheet spec
Active ta read or write delay wmeo Us) - |62 - [ 8] - [25] - | ms
R -
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DRAM Register Programming Aid —

Usage Overview (continued)

» Changing device information, automatic update to register fields

1. Type in device parameters here

iguration ,

RealView .inc file

—
Device Information /
Memory type: DDR3 /
Manufacturer: Micron /

Memory part number:

MT41J128M16HA-15£

Density of each DDR3 device

MMDC Control Parameter

N/A

control bit setting bit setting
decimal within register

Notes

Register
name

| Register address |Register value (HEX)

Number of BANKS?

(Gb): 2 SDE 0 1 80000000 |SDE_0: Enable Chip Select 0, set to 0 (disable) or 1 (enable)
quber of DRAM devices per / SDE 1 1 40000000 |SDE_1: Enable Chip Select 1, set to 0 (disable) or 1 (enable)
chip select 4 [ROW: number of ROW addresses. NOTE: this value s taken
Density per chip select (Gb)t: 8 / ROW 3 03000000 [from the Device Information table above. Modify this value only
/ in the table above.

i 2 COL number of Column addresses. NOTE: : this value is taken
Number of Chip Selects used 2 1 4 COL 1 00100000 [from the Device Information table above. Modify this value only
[Total DRAM density (Gb) 16 in the table above.
Number of ROW Addresses? Ci1s ) BL 1 00080000 [BL: Burst length. For DDR3, set to 1 for burst length 8.
Number of COLUMN S DSIZ: Data bus size. Note: this value is taken from the Device
[Addresses? 10 DSIZ 2 00020000 |Information table above. Modify this value only in the table

above.

MDCTL |0x021B0000

0xC31A0000

Bus Width (input 16, 32, or 64
bits)2

Clock Cycle Freq (MHz)3 533
Clock Cycle Time (ns) 1.876

2. Gets updated here |

3. Final register setting here

1. ROW, COL, Bus width are now changed from above

Density of each DDR3 device

MMDC Control Parameter

N/A

Notes

Register
name

control bit setting bit setting
decimal within register

| Register address |Register value (HEX)]

Number of BANKS?

Bus Width (input 16, 32, or 64
bits)2

(Gb): 2 /
Number of DRAM devices per SDE 0 1 80000000 |SDE_0: Enable Chip Select 0, set to 0 (disable) or 1 (enable)
chip select 4 SDE 1 1 40000000 |SDE_1: Enable Chip Select 1, set to 0 (disable) or 1 (enable)

" . ) [ROW: number of ROW addresses. NOTE: this value is taken
[Density per chip select (Gb): 8 / ROW 4 04000000 |from the Device Information table above. Modify this value only
Number of Chip Selects used? 2 / in the table above.

. - ICOL number of Column addresses. NOTE: : this value is taken
Total DRAM density (Gb) 16 v COL 2 ~(Q20m from the Device Information table above. Modify this value only
Number of ROW Addresses? (& . inthe table above.
Number of COLUMN N—r BL 1 00080000-{BL: Burstlength. For DDRS, set to 1 for burst length 8.
Addresses? 11 DSIZ: Data bus size. Note: this value is taken from the Device
Y DSIZ 1 000 Informationéﬁleab\o . Modify this value only in the table

labove.

MDCTL |0x021B0000

0xC4290000

Clock Cycle Freq (MHz)3 685
Clock Cycle Time (ns) 1.876

2. Gets updated here

L
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DRAM Register Programming Aid —

Usage Overview (Continued)

* Another detailed look...
* Let’s say on MX6DQ, you had only one chip select populated (CSO0)
Before, the MX6DQ register was as follows for the validation board which has DDR3 on both chip selects

How To Use

Register Configuration

RealvView .inc file

bit setting
control bit setting within Register Register
MMDC Control Parameter N/A (decimal) register Notes Register name address |value (HEX)
SDE 0 - 1 80000000 |SDE_0: Enable Chip Select 0, set to 0 (disable) or 1 (enable)
SDE_1 - — 1 40000000 |SDE_1: Enable Chip Select 1, set to O (disable) or 1 (enable)
1 ROW: number of ROW addresses. NOTE: this value is taken
ROW - - 3 03000000 |[from the Device Information table above. Modify this value
-~ only in the table above.
Ve COL number of Column addresses. NOTE: : this value is
COL /7 - 1 00100000 ([taken from the Device Information table above. Modify this MDCTL 0X02180000/0XC31A0000
/ \value only in the table above. /
BL [ - 1 00080000 |BL: Burst length. For DDR3, set to 1 for burst length 8. //
\ DSIZ: Data bus size. Note: this value is taken from the Device /
DSIz \ - 2 00020000 (Information table above. Modify this value only in the table '/
AN above.
AN 7
“ /
\\Now, after the change to enable CSO0 only, here’s what the register looks like '\
N bit setting \
\\ control bit setting within Register Register
MMDC Control Parameter N/A 4 (decimal) register Notes Register name |\ address |value (HEX)
SDE 0 - Y 1 80000000 |SDE_0: Enable Chip Select 0, set to 0 (disable) or 1 (enable) \
SDE 1 - CO ) 00000000 |SDE_1: Enable Chip Select 1, set to O (disable) or 1 (enable) \
ROW: number of ROW addresses. NOTE: this value is taken N\
ROW - / 3 03000000 |[from the Device Information table above. Modify this value \\
§ only in the table above. g%
COL number of Column addresses. NOTE: : this value is
COL - / 1 00100000 (taken from the Device Information table above. Modify this MDCTL 0x021B0000
value only in the table above.
BL -/ 1 w 00080000 |BL: Burst length. For DDR3, set to 1 for burst length 8.
/ \ DSIZ: Data bus size. Note: this value is taken from the Device
DSIz - 2 00020000 |Information table above. Modify this value only in the table
above.

Clearing this means we are not enabling chip select 1

L
<
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Register setting gets automatically updated

Don’t touch. When BL cleared, burst length is 4
which is setting for LPDDR2




DRAM Register Programming Aid —

Usage Overview (Continued)

ontroller Registers ow To Use egister Configuration ealView .inc fi
I DDR Contraller R | How To Use ~ Register Configuration | RealV file |
jf======================sssssssssssossoosooms
/f Manufacturer: Micron
/f Device Part Number:  MT46HB4M16LF-5
M Clock Freq.: 200MHz
1 Density per C5 (Gb). 1 * DRAM initialization automatically generated per template
I Chip Selects:
JF Mumber of Banks: 4
/f Row address: 14 H H “ :
TR r— * Values in yellow are automatically updated from the “Register
. oy . .
jf=========================================== Conflguratlon tab (pre\nous S“de)
setmem /32 0xB300E0000= 0x00000000
setmem /32 0:x800E0040= 000000000
setmem /32 0x800E0054= 0x00000000 ° H H i H
setmem /32 0xB00E0058= 0x00000000 No user InpUt reql'“red In thlS tab
setmem /32 0:x800E005C= 000000000
setmem /32 0x800E0060= 0x00000000
setmem /32 0xB00E0064= 0x00000000
setmem /32 0:xx800E0063= 000010101
setmem /32 0x800E006C= 0x01010101
setmem /32 0xB00E0070= 0x000f0f01
setmem /32 0x800E0074= 0x0102010A
setmem /32 0x800E007C= 0x00000101 X .
setmem /32 0x300E0080= 0x00000100 A few slides back, we saw an example of programming tRC
setmem g; gﬁggggg:? gxg?ggg;gg and how the tool created the final value for this register
setmem | % = X : .
<etmem /32 OxB00E008C= 0x00000002 addrgss 0x$00EOOA4. The value is automatically transferred
satmem /32 0%800E0090= 0x01010000 to this location.
setmem /32 0x800E0094= 0x08060301
setmem /32 0xB300E0098= 0x06000001
setmem /32 0x800E009C= 0x0A000000
setmem /32 0x300E00AD= 0x02009C40
setmem /32 0xB300E00A4= 0x00020308
setmem /32 0x800E00AB= iy
se:me_ DREAM TPDEX parameter in cycles. This is the power down exit
Eitﬂi TPDEX {tXP) - 2 00020000 |tims.
setme;' DREAM TRCD parameter in cycles. Defines the DRAM RAS to
TRCD_INT tRCD) 15 3 00000300 CAS delay, in cycles.
221%: DRAM TRC parameter in cycles. Defines the DRAM peried HWW_DRAM_CTL41 | 080020044 ¢
between active commands for the same bank. in cycles. This is
the sum of tRAS+RP (for tRP. use the all banks parameter,
TRC [tRC) 55 i 0000000B  |tRP_AB for safer margi
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DRAM Register Programming Aid —

Usage Overview (Continued)

bit setting
control bit setting within Register Register
MMDC Control Parameter N/A (decimal) register Notes Register name | address |value (HEX)
SDE_0 - 1 80000000 |SDE_0: Enable Chip Select 0, set to 0 (disable) or 1 (enable)
SDE 1 - 1 40000000 [SDE_1: Enable Chip Select 1, set to 0 (disable) or 1 (enable)
ROW: number of ROW addresses. NOTE: this value is taken
ROW - 3 03000000 [from the Device Information table above. Modify this value
only in the table above.
ICOL number of Column addresses. NOTE: : this value is
COoL - 1 00100000 [taken from the Device Information table above. Modify this MDCTL 0x021B0000) 0xC31A0000
\value only in the table above.
BL - 1 00080000 [BL: Burst length. For DDR3, set to 1 for burst length 8.
DSIZ: Data bus size. Note: this value is taken from the Device
DSIZz - 2 00020000 [Information table above. Modify this value only in the table
above.
1£3
124 |setmem /32 0x021L0004 = 0x00020036 / MMDCO_MDPDC
125 |zatmem /32 0x021R0008 = 0x09444040 / MMDCO_MDQTC
126 |setmem /32 0x021k000c = 0x555A7975  // MMDCO_MBCFGO
127 |setmem /32 0x021L0010 = 0xFF538F64 // MMDCO_MDCFGA
. . . 128 |zatmem /32 0x021R0014 = 0x01FFOODB // MMDCO_MDCFGZ
This example from the MX6DQ DDR3 register programming 129 satmem /32 0x021b0018 = 0x00081740 / MIMDCO_MDMISC
aid illustrates that the register value for MDCTL in the E? — oo tb00Tc = [0x00008000
“RealView .inc file” tab is taken directly from the MDCTL 132 setmem /32 0x021h002¢ = 0x000026d2
Register value cell in the “Register Configuration” tab 133|setmem /32 0x021b0030 = 0x005A0E21
134 setmem /32 0x021h0040 = (000000 |
135 setmenm /32 0x02160000 = ..
136 /f Mode register writes
137 |setmem /32 0x021k001c = 0x04088032 / MMDCO_MDSCR, MR2 y
138 |setmem /32 0x021k001c = 0x00008033 // MMDCO_MDSCR, MR3 v
139 zatmem /32 0x021k001c = 0x00048031 // MMDCO_MDSCR, MR1 vy
140 |setmem /32 0x021k001c = 0x09408030 /# MMDCO_MDSCR, MRO v
141 |setmem /32 0x021k001c = 004005040 // MMDCO_MDSCR, Zd ca
142
143 |setmem (32 0x021R001c = 0x04088034 // MMDCO_MDSCR, MR2 y
144 |setmem (32 0x021k001c = 000008038 // MMDCO_MDSCR, MR3 v
145 |zatmem /32 0x021k001c = 0x00048039 / MMDCO_MDSCR, MR1 vy

L
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DRAM Register Programming Aid - Walkthrough

Instructions

[Shaded cells may require updating per the DRAM memory data sheet parameters. Certain registers should not need to be modified by the user. If a
register is not provided then it is assumed this parameter is not to be changed per the provided initialization script.Certain registers are provided
[though they may be noted as recommended to not change.

For Sabre boards with CS1 not

Legend

IOn Register Configuration Tab, this color indicates the
bitfields that would commonly require updating.

IOn Register Configuration Tab, this color indicates the
bitfields that may be updated, but should typically not
require it.

IOn Register Configuration Tab, this color indicates the
bitfields that are updated automatically from setting
provided in the "Device Information" table or other
cells, and should not be changed manually

Automatically Updated
Setting

IOn Register Configuration Tab, an unshaded cell

means that the value should remain as is and should

hot be modified. In these cases, the settings are
rovided for completeness.

On other tabs, this color indicates the cells that are
laffected by changes on the Register Configuration tab.

populated, set this to 1

Device Information / Revision History
Memory type: DDR3 / 0.9 - Fixed issue with SDCKEO0/1 IOMUX programming (DSE set in CTLDS)
Manufacturer: Micron 0.8 - Made calibration values update-able in the Register Configuration tab to
Memory part number: MT41J128M16HA-15€ leasily update the values in the RealView .inc file tab
Density of each DDR3 device (Gb): 2 0.7 - added DDR_SEL field to DRAM_RESET pad, changed MR1 write
INumber of DRAM devices per chip select 4 / (needed to align with DDR_SEL field set to 11).
Density per chip select (Gb)™: 8./ 0.6 - added power savings features to align with validation scripts
N - i > 0.5 - added MPODTCTRL register programming option
A 7 G i s z f 0.4 - updated tMOD field: In DDR3 mode this field shoud be set
Total DRAM density (Gb) 16 User inputs clock speed wégp‘MaoeD) feld: In mode this field shoud be set to max
Number of ROW Addresses? 14 G ” ) . o
Number of COLUMN Addresses? 10 Clock CyCIe_ (ns) Sl gg gf:ﬁgg;;;rsgweﬁfﬁsnpt'on
Number of BANKS? 8 change accordingly, value | |7 - iniia
Bus Width (input 16, 32, or 64 bits)? 64 - d h h |
Clock Cycle Freq (MHz)® 533 used throughout too
[Clock Cycle Time (ns) 1.876 &
1. Important: it is necessary to populate this field with the density in Gbits as it is used later in the CSO_END F th f |
calculation. This field is cacluated from the previous two fields. The user can also simply type in the total density rom e ref manual
as well in this field. Pull down menu for DSE
2. Important, these fields need to be filled out correctly as these values are used later in this tool for register 000 DISABLED  Ouput dwer dzabkd
settings. 001 2400HM 240 Com
3. Even though i.MX6Q runs at 528MHz, set timings according to 533MHz to allow for a little more margin 010 1200MM — 120 Ohm
D1 BOOHM — B0 Oftem
100 BOOHM — 80 Ot “ Pad
111 4BOHM — 47 Oren sgl'j;e’
. . . . 110 400HM — 40 Onen
DRAM Pad Name Field (i.e. DSE) | Binary Setting Notes 114 40 (HEX)
0x020e05a8
0x020e05b0
000: output driver disabled 0x020e0524
. 001: Weakest IOMUXC_SW_PAD_CTL_P| 0x020e051c
SDQSI7:0] DSE 111 00000038 AD_DRAM_SDQS[7:0] 0x020e051g | 0X00000038
111: Strongest 0x020e050¢c
0x020e05b8
Va 0x020e05¢0
- _' 0: CMOS mode (recommended) 0x020e05ac
DDR_INPUT - 00000000 1: Differential input mode 0x020e05b4
o = 0x020e0528
. 5]} 000: output driver disabled IOMUXC_SW_PAD_CTL_P| 0x020e0520
DQM[7:0] DSE i 00000030 001: Weakest AD_DRAM_DQM[7:0] | 0x020e0514 | 0x00000030
m 0x020e0510
111: Strongest 0x020e05bc
" 0x020e05c4
= pn____ ]

Z “freescale’
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DRAM Register Programming Aid - Walkthrough

0: CMOS mode (recommended) IOMUEC_Sw_PAD_CTL_FAD_

EDDolFFerentla‘:| |!1putdrlno:|9 . DRAR_SOCLE_D 0302020533

SDCLK_O, SDCLK_1 : cutput driver disable 0x00000030
- - 001 We akest IOMUKC_SWwW_PAD_CTL_PaD_ 402020554

DsE 10| tovonoso DFRARM_SOCLK_1 Hete

1t Strongest

DOR Select Field

DOR_INPUT 0 00000000

UUI;(: one out of next values for pad: DRAM_RESET. Continuation Of “IOM UX partu Of

01FReserved A A A
DDR_SEL 11 000C0000  |10LPDDRE mods (24 driver unit calibration, 240, 120, 30, 60, 48, 40, 32 DRAM RegISter Programmlng ald

Ohm drive strengths at
12v)

DRAM_RESET 11 DDOR2 mode (2400hm driver unit calibration, 2
- drive strengths at 1.5Y

0: CRAOS mode [recommended)

IOMUKC_Shw_PAD_CTL_PAD_
50,60, 43, 40, 32 Ohm DRAM_RESET 0x020e057c | 0x000C0020

DOR_INPUT 0 00000000

1: Differential input mode

e o oot e Note, for Sabre boards with only
e Srantet one CS populated, we found we can
DDR_INPUT 0 gooooggp | MCMOS mode recommended) reduce all DRAM 10 DSE to 101

1: Differential input mode

0: Hysteresis dizable [recommended)
1 Hysteresiz enable
Full Up ¢ Diown Config. Field
00: 100KOkm Pull Dawn [recommendead]
PUS 0 00000000 | 0t 47KOkm Pull Up
10: 100K Dhrn Pull Up / IOMUKC_Sw_PaD_CTL_PaD_

SDCKED, SOCKE1 11: 22K 0hm Pull Up DRa&M_SOCKED 0302020530
(DSE (drive strength} configured in RUE 1 0000z00p | Ul Keep Selet Field / 0x00003000

CTLDS) 0:Keeper IOMURC S PAD CTL_PAD | Ds020e0533

Pull { Keep Enable Field DRaM_SOCKE!

PKE 1 00001000 | 0:Pulieeper Disabled /
1: Pullikeeper Enabled [recommended]
O Die Termination Field
000: off [recommended)
001120 Okm OOT

HY'S 0 00000000

Qo7 000 00000000

1020 Ohm ODT
WFESERVED

DDR_INPUT 0 0000000 U:CMDSmode[recommended]/

1: Differential input mode

Hv's 0 00000000 0: Hysteresis dizable [recoWed]

1: Hysteresis enable

Pull Up ¢ Diown Config. Bréld

00: 100KOkm Pull Dgpén [recommended]
PUS 0 00000000 01: 47K Ohm Full
10: 100K Okhm il Up
11: 22K 00 ull Up.

Pl ;.7{ Select Field IOMUKC. Sh_PADLCTL_PAD.
0:Ke DRAM_SDODTO D053

5DODTO, SDODTH ?ﬂf Keep Enable Field (OMUKC. S PA0 CTL PAD 0x00003030

PKE 1 oooo1000 ullikeeper Dizabled iyttt - - 0u020e0530

/ 1: Fullikeeper Enabled [recommended] DRAM_SDODTI

O Die Termination Field

000: off [recammended)
001120 Okm OOT

PUE 1 00002000

Qo7 000 0p000000

11020 0hm ODT
/ M RESERVED

Z 000: output driver disabled
00t Weakest
00000030 Fakes

DSE 110
4

Z“freescale .....
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DRAM Register Programming Aid - Walkthrough

Many 10’s are grouped together

Continuation of “lOMUX part” of
DRAM Register Programming aid

g

[A

BODS, B10S, B20S, B30S, B4DS,
B505S, BEDS, BYDS DSE 110
[ORAM data byte groups]

00000030

000: cutput driver dizabled
001: weakest I0MUEC_SW_PAD CTL_PAD
CRAM_E[T:0]DS

11: Strongest

002020754
002020783
002020794
0020079
002007 a0
002007 24
0020207 2%
Da020=0742

0x00000030

ADDDS v

[DRAM Address pads A[15:0] and DSE 110
SOEA[Z])

00000030

000 cutput driver dizabled
001 weakest 10MUEE_SW_Pal_CTL_PaD_
DRAN_ADDOS

M: Strongest

Q020074

0=00000030

CTLDS
[(DRAM Control pads CS0, ©51, SDEN2, DSE 110
SDCKED, SOCKEL S0WE)

00000030

000: output driver disabled
001: weak.est IOMUKC_SW_PAD_CTL_GRP_
CTLDS

1k Strongest

0020078

000000030

DODRMODE_CTL DDR_INPUT 1

00020000

DOOR ¢ CKO0S Input Maode Field

Select one out of next walues for group: OORMODE_CTL [Pads:
ORANM_SDES0 ORAM_SOGS1

DRANM_SDES2 ORAM_SD0S3 DRAM_SORS4 DRAN_SDESS
CRANM_SDRESE DRANM_SOGIST).

0: CRIOS input type

1 Differentisl inpyt mode [recommended]

IOMUKC_Sw_Pa0_CTL_GRP_
DORMODE_CTL

Ou020e0780

0=00020000

DDRKMODE DDR_INPUT 1

00020000

DOR ¢ CROE Input Mode Field
Select one out of next walues for group: OORMODE (P ads: DRAM_D[E3:0]). | IOMUXC_SW _PaD_CTL_GRP_
0: CRIOS input type OORMODE

1: Differential input mode [recommended)

002020774

000020000

DOR_TPE DDR_SEL "

000Co000

DOR Select Field

Select one out of next values for group: OOR_TYPE for all DOR address,
data, and control pads

00: reserved

01: reserved

10: LFODR2 miode [2400km driver unit calibration, 240, 120, 30, &0, 45, 40, 34
Ohm drive strengths] at 1.2 power

1: DORZ mode [2400hm driver unit calibration, 240, 120, 80, 60, 42, 40, 34 Ohm
drive strengths) gt 18 power [reguired for DOF2]

IORALRC_SW_PADCTL_GRP_
OOF_TYPE

002020732

0x000C0000

DDRPKE PKE 0

00000000

Full f Keep Enable Field for OOR pads
0: Pullfkeeper Disabled [recommended)
1 Pullikecper Enabled

IOMUKXC_SW_Fa0_CTL_GRP_
DDRPKE

Ou020e0752

000000000

L
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DRAM Register Programming Aid - Walkthrough

For Sabre boards with CS1 not populated, we

need to clear this bit (SDE_1)

bit setting
control kit setting withi Register Register
MMDC Control Parameter HNIA (decimal) gister Notes Register name address value (HEX)
SDE_O - 1 ‘/ 20000000 SDE_0: Enable Chip Select 0, =et to 0 (disable) or 1 (enakble)
SOE 1 - 1 40000000 SOE_1: Enable Chip Select 1, set to 0 (dizable) or 1 (gnable)
/— ROW: number of ROW addrez=ez. NOTE: thiz valus iz taken from
ROWY - 3 ‘ 03000000 the Device Information table above. Modify this value only in the
table above.
COL number of Column addresses. NOTE: : thig value is taken - - aq s
coL - 1 00100000 frem the Device Infermation table above. Modify thiz value only in MDETL 002180000 OxC2140000
lthe table above.
BL - 1 0o0&000a BL: Bursat length. For I a2t length 8.
nez . 00020000 DSlZ: Data bus zize. Note: thiz valug iz taken from the Device ] These are aUtomatlca”y updated
= - \ ° ‘ Information table above. Madify thiz value only in the table above. from previous parameter Settings
bit setting
MMDC timing parameter (DOR | value from DDR Clock Cycle or within Register Register
device timing parameter) data sheet (ns) Binary Setting register Notes Register name address (HEX) | value (HEX)
tCKE - CKE minimum pulze width. Obtain thiz valy ) )
tCKE 5.625 3 00020000 |shest. There are two separate settings, :
tCKSRX - Thiz field determines the amount of cl q O OnAA o H
CKSRY, 10 8 00000030 |selirefresh extt. Obtain this value from DDR2 aaf 1IFST fOF INitialization, the second 000020036 [
. _ enables power savings, it gets '
tCKSRE - Thiz field determines the ameount of clo oL . 1
{CKSRE 10 6 00000008 |self-refresh entry. Obtain this value som DRz | Placed at end of initialization
Poweer Down Timer - Chip Select 1. Freescale valdation :
determined a value of 5 was the most optimal. For systems with i
only one chip select with devices on C50, thess bitz don't apply, MOPDC 0x021B0004 '
but keeping them =&t will allow backwards compatibility with
PWDT 1 - 5 Qoo0so00 syvstems with two chip selects.
Poweer Down Timer - Chip Select 0. Freescale validation P
/ PWDT 0 - 5 Qoooosoo determined a valug of 5 was the most optimal. Ox0D02=5TE
Parallel power down entry to both chip selectz. Leave thiz set =0
that both chip 2electz will enter power down tegether. For
gyvetems with only one chip =elect, this bit doesn't apply, but
keeping it 2t will allow backwards compatibility with systems
BOTH_CS_PD - 1 ™~ 00000040 with twe chip aelects.
e For Sabre boards with CS1 not populated, we can keep
JEDEC standard timing
. these parameters untouched as they have no adverse
parameters, obtain value from o . . .
affect and will minimize differences between init scripts
>4 DDR3 data sheet
L 4
' 'f I ™
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DRAM Register Programming Aid - Walkthrough

tAOFPD - Thiz field determines the time ketween termination
cuircuit =tarts to turn off the ODT resistance fill termination has
t&0OFPD 2 2 0&000000 reached high impedance. Qbtain thiz value from DDR3 data sheet.

LAONPD - This field determines the time between termination
cuircuit getz out of high impedance and begins to turn en till ODT

TAONPD 2 2 01000000 rezistance are fully on. Obtain thiz walue from DOR3 data sheet.
N tANPD - Agynchronous ODT to power down entry delay. In DOR3
‘ should be =&t to tCVWL-1. Obtain thig value frem DDR3 data shest.
tANPD - 5 00400000 |Thiz iz alzo calcuated frem MDCGFG1[ICWL].

tAXPD - Azynchrenous ODT to power down exit delay. In DDR3 MpoTe [x02150002 | Dx08424040

should be =&t to tCWL-1. Obtain thiz value frem DDR3 data shest.
taxPD - 5 00040000 |This iz alzo calcuated frem MOCGFG1[RCYWL].

Lon - Thiz fisld determines the delay betweesn QDT =ignal and

the azzociate ; cording to JEDEC standard it equals
WiLiwrite latency) - 2. Therefore, the va s-canfiqured to These are automatica"y updated

t0ODTLen field 2hould correzpond the value that iz configured to

MDCGFGCILL. Obtain this valus from DDR? data sheet, This = | 1TOM Other parameter settings

tO0TLon - N 4 )‘ 00004000 |alse calcuated fram MDCGFG1[tCWL].
memoery ODT off. Obtain thiz value frem DDR3 data sheet. Usually
tODT_idle_off - 4 00000040 fjust tCWL-2.
tRFC - Refresh cemmand to Active or Refresh command time.
tRFC 180 86 55000000 Obtain thiz valug from DDR3 data shest.
tX3 - Exit s&lf refregh te non READ command. Obtain this value
s 170 21 00540000  |from DDOR3 data sheet.
tXP - Exit power down with DLL-on to any valid command. Obtain
tXP 1] 4 00006000 thig valug from DDR3 data sheet.
MOCFGO 0x021B000C | 0x555ATSTS
tXDPLL - Exit prechargs power down with DLL frezen to
tXPOLL 24 13 Qooo1200 commands reguiring DLL. Obtain thig value from DOR3 data shest.
tFAWY - Four Active Window (all banks). Obtain thiz value from
tFAW 45 24 00000170 |DDR3 data shest.
tCL 135 2 goooooos  |[tCL - CAS Read Latency. Obtain thiz value from DDOR3 data zheet.
JEDEC standard timing
parameters, obtain value from
DDR3 data sheet

L
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Walk

through

X JEDEC standard timing parameters, obtain value from DDR3 data sheet
tRCD 13.5 8
tRP - Precharge command period (same bank). Obtain this value from
tRP 13.5 8 1C000000 DDR3 data sheet.
tRC - Active to Active or Refresh command period (same bank). Obtain
tRC 49.5 27 03400000 this value from DDR3 data sheet.
tRAS - Active to Precharge command period (same bank). Obtain this
tRAS 36 20 00130000 alue from DDR3 data sheet.
tRPA - Precharge-all command period. Obtain this value from DDR3 data MDCFG1 0x021B0010 OxFF538F64
tRPA - 1 00008000 Isheet.
tWR - WRITE recovery time (same bank). Obtain this value from DDR3
tWR 15 8 00000E00 data sheet.
tMRD - Mode Register Set command cycle (all banks). Obtain this value
- 12 from DDR3 data sheet. In DDR3 mode this field shoud be set to max
tMRD 00000160 (tMRD,tMOD).
tCWL - 6 00000004 ICWL - CAS Write Latency. Olypssstied 4 : ‘
tDLLK - 512 01FF0000  [tDLLK - DLL locking time. 512 MMDC pin Chip st O pin Chip salect 1 pin
tRTP - Internal READ comman A3 A3 A
tRTP 7.5 4 000000C0O bank). Obtain this value from
tWTR - Internal WRITE to REA] | #4 A4 d
tWTR 7.5 4 00000018 alue from DDR3 data sheet. | | a5 A5 AB
tRRD - Active to Active commag
tRRD. 6 4 00000003 __|from DDR3 data sheet. A A A
XPR 170 91 005A0000 [[XPR - Obtain this value from ¥ | &7 AT AR
SDE to RST - 13 00000E00 ISDE to RST T R T
RST to CKE - 32 00000021 RST to CKE
Bo B Bl
control bit setting bit setting within B1 B BO
MMDC Control Parameter N/A (decimal) register -
ICALIB_PER_CS: determines which chip select the associated calibration
is targetted to. Set to 0 for CSO0 or 1 for CS1. Note if both chip selects are
CAl @ CS - 0 00000000 onulated recommend to setto O
IADDR_MIRROR: for DDR3, address bits in the following pairs [A3,A4],
[A5,A6], [A7,A8], [BO,B1] are swapped from the MMDC to CS1 to aid in
routing of the DDR device on CS1. As DDR devices on CS1 are placed on| i A
the opgposite side of the board from CS0, swapping these signalspaids in Needs to allgn Wlth board IayOUt
the board routing. If the board enables this feature and routes these ’
ADDR_MIRROR - 1 00080000 |§ignals accordin%ly, then set this bit. Otherwise, this bit should be cleared. Sabre boards don t pOPUIate
(S |y .
LHD - 0 00000000 latency hiding and improve performance. CSl! SO Clear thls blt
ALAT: Write Additional latency. Recommend to clear these bits. Propeﬁ
board design should ensure that the DDR3 devices are placed close
lenough to the MMDC to ensure the shew between CLK and DQS is less MDMISC 0x021B0018 0x00081740
WALAT - 0 00000000 than 1 cycle.
BI_ON: Bank Interleaving On. RecomWet this bit to enable bank
Bl ON - 1 00001000 interleaving; improves performance.
LPDDR2 S2 - 0 00000000 Set to 0; not applicable to DDR3.
MIF3_MODE: Command prediction working mode; sWor optimal
MIF3 _MODE - 3 00000600 erformance.
RALAT - 5 00000140 RALAT: Read Additional Latency. Set to 0x5 for optimal performai
DDR_4_BANK: set to O for 8 banks, 1 for 4 banks. NOTE: this value is H H
taken from the Device Information table above. Modify this value only in \ If any WL Callbratlon parameter
DDR_4 _BANK - 0 00000000 lthe table above. —
DDR TYPE - 0 00000000 DDR3 mode - set to 0. Do not change. >0X20’ ShOUId Set WALAT - 1
LPDDR2 2CH - 0 00000000 Set to 0; not applicable to DDR3.
RST - 0 00000000 Set to 0 for normal operation. | | |

Because this is a dedicated DDR3 programming aid, these values are pre-set and not to be changed

freescale
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Calculated End

Address (starting at bit setting within Register value
MMDC Parameter offset 0x10000000; control bit setting (decimal) register Notes Register name Register address (HEX)

Note: DO NOT change the values directly in these cells, instead, program the Density of
leach DDR device and number of devices in the cells at the top of the page. End Address
is calculated from cells above: Density of each DDR device multiplies by the number of MDASP
devices per chip select, then add offset of 256MB. Note that the total DDR density on CSO|
is offset by 01000000, which is the starting address of the CSO memory region. Hence
CS0_END 050000000 S~

d
| /' | bit settirw\ | Register value
MMDC Control Parameter N/A control bit setting (decimal) register Notes Register name Register address HEX
/

IOn chip ODT byte3 re: = This field determines the Rtt_Nom of the on chip ODT byte3
resistor during read accesses. configuration, this applies to byte 7 with register
laddress at 0x021B4818.
000 Rtt_Nom Disabled.
001 Rtt_Nom 120 Ohm/75 Ohm
010 Rtt_Nom 60 Ohm/150 Ohm (default setting for FSL boards)
011 Rtt_Nom 40 Ohm/50 Ohm

1100 Rtt_Nom 30 Ohm/37.5 Ohm

1101 Rtt_Nom 24 Ohm/30 Ohm

1110 Rtt_Nom 20 Ohm/25 Ohm

ODT3 INT RES - 1 00020000 111 Rtt Nom 17 Ohm/21 Ohm

IOn chip ODT byte2 resistor - This field determines the Rtt_Nom of the on chip ODT byte2
resistor during read accesses. For x64 configuration, this applies to byte 6 with register
ODT2 INT RE! - 1 00002000 laddress at 0x021B4818.

IOn chip ODT bytel resistor - This field determines the Rtt_Nom of the on chip ODT bytel
resistor during read accesses. For x64 configuration, this applies to byte 5 with register

0x021B0040 0x00000027

ODT1 INT S - 1 00000200 laddress at 0x021B4818.
IOn chip ODT byteO0 resistor - This field determines the Rtt_Nom of the on chip ODT byte0
resistor during read accesses. For x64 configuration, this applies to byte 4 with register
ODTO | RES - 1 00000020 laddress at 0x021B4818.

|Active read CS ODT enable. The bit determines if ODT pin of the active CS will be
lasserted during read accesses.

0 Active CS ODT pin is disabled during read access.

1 Active CS ODT pin is enabled during read access. 0x021B0818
ODT JRD_ACT EN - 0 00000000 [This is generally not set for Freescale boards MPODTCTRL 0X00011117
Inactive read CS ODT enable. The bit determines if ODT pin of the inactive CS will be 0x021B4818
lasserted during read accesses.

0 Inactive CS ODT pin is disabled during read accesses to other CS.

1 Inactive CS ODT pin is enabled during read accesses to other CS.

For Freescale boards with devices on both chip selects, this bit is generally set as the
board layout considers termination applied for the non-active chip select device. For
boards with a device on only one chip select, this bit can be cleared, however, leaving it
OPT RD PAS EN - 1 00000004 |set should not cause any issues.
|Active write CS ODT enable. The bit determines if ODT pin of the active CS will be
lasserted during write accesses.

0 Active CS ODT pin is disabled during write access.

1 Active CS ODT pin is enabled during write access.

- For Freescale boards with devices on both chip selects, this bit is generally set. In some
cases, the board may be designed to account for the termination of only the other
(passive) device during writes, hence this bit can be cleared. However, evenin such a
case, leaving it set does not cause any issues. For boards with only one chip select

o] WR_ACT_EN 1 0000000: opulated, it is recommended to set this bit. Hence, by default, this bit remains set.
Inactive write CS ODT enable. The bit determines if ODT pin of the inactive CS will be
lasserted during write accesses.

0 Inactive CS ODT pin is disabled during write accesses to other CS.

1 Inactive CS ODT pin is enabled during write accesses to other CS.

For Freescale boards with devices on both chip selects, this bit is generally set as the
board layout considers termination applied for the non-active chip select device. For
boards with a device on only one chip select, this bit can be cleared, however, leaving it
ODT WR PAS EN - 1 00000001 jset should not cause any issues.

This gets calculated from the “density parameter per chip select “(cell C21). : —
You can click on the cells to see the following formulas: More details of this in the
="0x"&DEC2HEX ( ( (C21*1024*1024*1024) /8+ 256*1024*1024), 8) / next slide

=((((C19*C20*1024*1024*1024) /8+ 256*1024*1024)/(32*1024*1024))-1)
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DRAM Register Programming Aid - Walkthrough

* MDASP: CS0_END defines the absolute last address associated with CS0 with increments of 256Mb (32MB)
CSO0_END bit settings:
Register bit setting
0000000 - 256Mb (32MB)
0000001 - 512Mb
0000010 - 768Mb

0011111 - 8Gb (1GB)
0111111 - 16Gb (2GB)
1111111 - 32Gb (4GB)

» Note, these offsets start from address 0x0, in general CSO starts at 0x10000000; these are not offsets from 0x10000000!
» So, a CS0_END setting of 0000000 means that CS0 ends at 0x02000000 (before it begins).. Yeah, this setting is meaningless

* Actually, any setting from 0000000 to 0000111 is meaningless (0000111 is 256MB (2Gb) which is 0x10000000)
* Example, assume there is 1GB (8Gbits) of DDR3 memory on CS0O

OXFFFFFFFF: End of memory map
2.75GB
We know this address, simply by adding the density (1GB) to 0x10000000:
0x50000000: CS1 start 0x10000000 + 0x40000000 (1GB) = 0x50000000
1GB But how do we calculate CSO_END bit setting?
reserved
on chip
register 0x10000000: CSO start
space —>{ 256MB

To calculate CSO_END setting, first remember this is the absolute address starting from 0x0.
Next, as seen in the figure above, calculate the end address of CS0O by adding the DRAM density to 0x10000000.
Now that we have the end (absolute) address, take this value and divide by 256MB (32MB) then subtract 1 (since CSO_END = 0 starts at 256Mb).

Taking the example above, density = 1GB, so CS0 end is 0x10000000 + 0x40000000 = 0x50000000
(0x50000000 / 0x2000000) - 1 = 39 decimal (or 0x27) (or 0100111)

Generically: [(0x10000000 + density_MB) / 0x2000000] — 1 = CSO_END setting 32MB = 0x2000000
\

L
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DRAM Register Programming Aid - Walkthrough

DDR mapping to MMDC controller ports
- Section 2.3 of the Reference Manual
- Specifies the DDR setting used by the Network Interconnect Bus System
- Must be set correctly for the AXI bus (or buses) to work with the MMDCs.
- Allowed values:

=00 Fixed memory Map for use with DDR3 memory (Default)

=’01 Fixed memory Map for use with LPDDR2 memory

=10 Interleaved memory Map for use with 2-channel LPDDR2 memory.
Can be set by customer in one of two ways:
- BTCFG3[5:4] pins EIM_A20 (bit4), EIM_A21 (bit5)
- Blow internal OTP fuses for BTCFG3[5:4]

= Un-documented register 0xOOB0O0O0OOO allows Freescale to override external settings.
Interleaving is done internal to the NIC-301 controller

- Memory enters MMDC already addressed for 2-channel mode, except:
= Channel O starts at 0x88000000
= Channel 1 starts at 0x08000000

Z “freescale ... =



DRAM Register Programming Aid - Walkthrough

- MDASP: CSO0_END 2-channel LPDDR2: “Fixed Mode”

- Each channel has a set starting address
= Channel 0: 0x80000000
= Channel 1: 0x10000000

- You can use a 1-channel LPDDR?2 device, need to pick a channel (channel 0 is most common choice)
= MX6SL (aka Megrez) only has channel 0, so MMDC DRAM memory space starts at 0x80000000

- For MX6DQ (Arik) and MX6DL (Rigel), there are two MDASP:CS0O_END, one for each LPDDR2 channel

OXFFFFFFFF: End of memory map

_______ l«— MDASP:CS0_END Channel 0

0x80000000: channel O start

eseved | «— MDASP:CSO_END Channell reserved on MX6SL
on chip
register 0x10000000: channel 1 start

space s} 256MB
- Calculate CSO_END for each channel
- Channel 0: [(0x80000000 + density_MB) / 0x2000000] - 1
Examplel: 2 chip select, each with 512MB, CS0_END=[(0x80000000+0x20000000)/0x2000000]-1=0x4F
Example2: 2 chip select, each with 256MB, CS0_END=[(0x80000000+0x10000000)/0x2000000]-1=0x47
- Channel 1: [(0x10000000 + density_MB) / 0x2000000] — 1 (not for MX6SL)

Examplel: 2 chip select, each with 512MB, CS0_END=[(0x10000000+0x20000000)/0x2000000]-1=0x17
Example2: 2 chip select, each with 256MB, CS0_END=[(0x10000000+0x10000000)/0x2000000]-1=0xF

L
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DRAM Register Programming Aid - Walkthrough

- MDASP: CS0_END 2-channel LPDDR2: “Interleaved Mode”

- Slightly different.

- Each channel has a set starting address
= Channel 0: 0x88000000
= Channel 1: 0x08000000

- Calculate CSO_END for each channel

- Channel 0: [(0x88000000 + density MB) / 0x2000000] — 1

Examplel: 2 chip select, each with 512MB, CS0_END=[(0x88000000+0x20000000)/0x2000000]-1=0x53
Example2: 2 chip select, each with 256MB, CS0_END=[(0x88000000+0x10000000)/0x2000000]-1=0x4B

- Channel 1: [(0x08000000 + density MB) / 0x2000000] — 1
Examplel: 2 chip select, each with 512MB, CS0_END=[(0x08000000+0x20000000)/0x2000000]-1=0x13
Example2: 2 chip select, each with 256MB, CS0_END=[(0x08000000+0x10000000)/0x2000000]-1=0xB

L
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» BDra a »
DRA ~ 0Qrd 0 AIC oug
DDR3 MR2 Parameter or MMDC control bit setting bit setting Register
MDSCR Parameter decimal) within register Notes Register name Register address| value (HEX) |
\Dmi&@cr(\_’/:ﬂoo-disable; 01-RZQ/4; 10-RZQ/2; 11-
MR2: RTT - 2 04000000 _reserved (RZQ=2400hm) .
MR2: SRT - 0 00000000 _[SRT: Self refresh temperature, set to 0 for normal operation Mode Reglster #
MR2: ASR - 0 00000000 |ASR: Auto self refresh, set to 0 for normal operation
e MMDC
MR2: CWL ) 3 00080000 modify this bit a MDSCR 0x021B001C | 0x04088032
CON_REQ - 1 00008000 iguration request - setto 1 fouhés.’ogeration.
WL_EN - 0 000 _[Set to 0; not applicable to mode register programmizg.
CMD - 33— 00000030 __|CMD: set to 0x3 for Joad mode register commane,
CMD_CS - 0 00000000  |Determines Mhip select command is targetted to.
CMD_BA - 2 00000002 [CMD_BA™ set to 0x2 for MR2
DDR3 MR3 Parameter or MMBE control bit setting bit settin Register
MDSCR Parameter N/A (decimal) withj_uare/g/ gister es Register name Register address| value (HEX) |
MR3: MPR - 0 00000000  |[MPR enable - set to 0 for ngrral operation
MR3: MPR_RF - 0 00000000 __|Set to O for normal operation
CON_REQ - T 00008000 _|Configuration request”~ set to 1 for this operation.
WL_EN - 0 00000000 _|Set to 0; not applicable to mode register programming. MDSCR 0x021B001C 0x00008033
CMD - 3 00000030 |CMD: set to for load mode register command.
CMD _CS d 0 00000000 |Determines which chip select command is targeted to.
CMD_BA 4 - 3 00000003 - set to 0x3 for MR3
DDR3 MR1 Parameter or MMDC control bit setting bit setting Register
MDSCR Parameter N/A (decimal) within regist Notes Register name Register address| value (HEX) |
MR1: Q Off - 0 000000/ Set to 0 for normal operation
ITermination data strobe (TDQS) is a function of the x8 DDR3
MR1: TDQS - 0 00000000 |[SDRAM configuration; set to 0 for x16 and x32 memories
MR1: RTT (M9) - 0 00000000 __|On-die termination (ODT) resistance RTT. 000-disabled; 001-
MR1: RTT (M6) - 0 00000000 |RZQ/4; 010-RZQ/2; 011-RZQ/6; 100-RZQ/12; 101-RZQ/8;
MR1: RTT (M2) - [ 00040000  [110&111-reserved (RZQ=2400hm)
MR1: WL - /g 00000000 rite leveling enable - set to 0 for normal operation
MR1: ODS (M5) - 00000000 |Output Drive Strength: 00-RZQ/6 (40ohm); 01-RZQ/7 (34ohm);
MRL: ODS (M1) - ) 00000000 J10&1 1 reserved ( : ( : MDSCR 0x021B001C | 0x00048031
MR1: AL - 0 00000000 |AL: Additive Latency, set to O
MR1:DLL - 0 00000000 __|DLL Enable - setto O
CON REQ - 1 00008000 _|Configuration request - set to 1 for this operation.
WL _EN P 0 00000000 _|Set to 0; not applicable to mode register programming.
CMD - 3 00000030  |CMD: set to 0x3 for load mode register command.
CMD_CS - 0 00000000 |Determines which chip select command is targeted to.
CMD_BA . - 1 00000001 _ |CMD_BA - set to 0x1 for MR1
DDR3 MRO Parameter or MMDC‘ control bit setting bit setting Register
MDSCR Parameter N/A (decimal) within register Notes Register name Register address| value (HEX) |
MRO: PD - 0 00000000 _|Precharge power-down (PD) - set to O for normal operation
rite recovery. 000-16; 001-5; 010-6; 011-7; 100-8; 101-10; 110-
MRO: WR - 4 08000000 |12;111-14. Make sure to match MMDC tWR.
MRO: DLL - 1 01000000  |DLL reset - setto 1 to reset DLL; self clearing
MRO: BT - 0 00000000  |Burst type: setto 0
MRO: CL (M6) - 1 00400000
MRO: CL (M5) - 0 00000000 __|CAS latency: 0010-5; 0100-6;0110-7;1000-8; 1010-9; 1100-10;
MRO: CL (M4) - 0 00000000 ]1110-11; 0001-12; 0011-13. Make sure to match CAS to MMDC MDSCR 0x021B001C | 0x09408030
MRO: CL (M2) - 0 00000000 {tCL
MRO:BL - 0 00000000 __[Burst length - set to 00 for fixed 8 burst length
CON _REQ - 1 00008000 _|Configuration request - set to 1 for this operation.
WL _EN - 0 00000000 _|Set to 0; not applicable to mode register programming.
CMD - 3 00000030 |CMD: set to 0x3 for load mode register command.
CMD CS - 0 00000000 _|Determines which chip select command is targeted to.
CMD _BA - 0 00000000 __|ICMD_BA - set to 0x0 for MRO

K2
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DRAM Register Programming Aid - Walkthrough

Rest of CS1 mode register programming is exactly the same as CS0

DDR3 MR2 Parameter or MMDC control bit setting bit setting Register
MDSCR Parameter N/A (decimal) within register Notes Register name Register address| value (HEX
Dynamic ODT (RTT(WR)). 00-disable; 01-RZQ/4; 10-RZQ/2; 11-
MR2: RTT 2 04000000 _reserved (RZQ=2400hm)
MR2: SRT 0 00000000 |SRT: Self refresh temperature, set to 0 for normal operation
MR2: ASR 0 00000000 |ASR: Auto self refresh, set to 0 for normal operation
CAS Write Latency. This value is taken from the MMDC tCWL
paramter setting above. Do not modify this bit as it is automatically
MR2: CWL 6 00080000 ___[programmed. MDSCR 0x021BO01C | 0x0408803A
CON_REQ 1 00008000 [Configuration request - set to 1 for this operation.
WL _EN 0 00000000 _|Set to 0; not applicable to mode register programming.
CMD 3 00000030 |CMD: set to 0x3 for load mode register command.
CMD CS 1 00000008 |Determines which chip select command is targetted to.
CMD_BA 2 00000002 |[CMD_BA - set to 0x2 for MR2
DDR3 MR3 Parameter or MMDC control bit setting bit setting Register
MDSCR Parameter N/A (decimal) within register Notes Register name Register address| value (HEX
(]
(]
(]

* If board doesn’t populate CS1, can still perform mode register writes to CS1 even though nothing there, but preferably...

* Other option, remove CS1 mode register writes in “RealView .inc file” tab:

L
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A Mode register writes

setmem /32 0x021k001c = 0x04088032 // MMDCO_MDSCE, MR2 write, C30

setmem /32 0x021L001c = 0x00008033 // MMDCO_MDSCE, MR3 write, 30

setmem /32 0x021k001c = 0x00048031 7/ MMDCO_MDSCR, MR1 write, CS0

setmem /32 0x021k001c = 0x09408030 // MMDCO_MDSCR, MRO write, CS0

setmem /32 0x021b001c = 0x04008040 & MMDCO_MDSCR, Z2Q calibration command sent to device on C30
setmem /32 0x021k001c = 004088034 7/ MMDCO0_MDSCR, MR2 write, C51

setmem /32 0x021k001c = 0x0000803B /7 MMDCO_MDSCR, MR3 write, C51

setmem /32 0x021L001c = 0x0004803% /7 MMDCO_MDSCE, MR1 write, ©51

setmem /32 0x021B001c = 0x09408038 / MMDCO_MDSCE, MRO write. ©51

setmem /32 0x021b001c = 0x04008045 / MMDCO MDSCE. ZQ calibration command sent to device on C51
setmem /32 0x021L0020 = 0x00005800 // MMDCO_MDREF

setmem /32 0x021k0518 = 000022227 7/ DDR_PHY_P0_MPODTCTRL

setmem /32 0x021h4518 = 0x00022227 // DDR_PHY_P1_MPODTCTRL

escale
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DRAM Register Programming Aid - Walkthrough

The final configurable parameters in the Register Configuration tab —

calibration values

Register Register
Register name address value (HEX)|

MPDGCTRLO PHYO 0x021b083c  |0x434b0350

MPDGCTRL1 PHYO 0x021b0840 [0x034c0359

) ) o MPDGCTRLO PHY1 0x021b483c  |0x434b0350

These .parameters are determined alfter running calibration. The. parameters MPDGCTRLL PHY1 0x021b4840 |0x03650348
provided here are from Freescale's development board and will work as

initial values. Update these values after running calibration. MPRDDLCTL PHYO 0x021b0848 |0x4436383b

MPRDDLCTL PHY1 0x021b4848 [0x39393341

MPWRDLCTL PHYO 0x021b0850 |0x35373933

MPWRDLCTL PHY1 0x021b4850 |0x48254a36

MPWLDECTRLO PHYO | 0x021b080c |0x001F001F

These are for write leveling calibration, which is needed for fly-by board MPWLDECTRL1 PHYO | 0x021b0810 |0x001F001F

layout topology MPWLDECTRLO PHY1 | 0x021b480c [0x00440044

MPWLDECTRL1 PHY1 0x021b4810 |0x00440044

Y

Y

Y

Y

If you run calibration, then
you can update these
values with the values

found in calibration

L
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Read DQS gating

Read delay line:
read DQS-to-DQ delay

Write delay line:
write DQS-to-DQ delay

Write leveling

more on calibration later ...



 Board bring-up: where DRAM bring-up fits in
- Introduce the tools used for DRAM bring-up

- DRAM Register Programming Aid
- Introduction/Overview

- Walkthrough

(. DRAM Stress Test A
- Introduction/Overview

.~ How to build and run; deep dive into sub-tests

- DRAM Calibration Overview
- Case Study: MX508 and LPDDR?2 Failure
- Board Design Considerations
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DRAM Stress Test — Overview and History

- Took years to develop, constantly evolving to catch elusive DRAM failures
- Compilation of various DRAM sub tests

- Each sub test contains various data patterns/methods to stress the DRAM
interface

- Started with a few tests using memcpy and various data patterns (1’s and 0’s;
A’s and 5’s; pseudo-random, etc)

- Each new SoC/board presented new DRAM challenges/issues
= New tests were created to debug
- Historically, each test was run one-by-one, took time
- Tests were compiled together into one overall test
= Each test now called sub-test, executed through a function call
= Marked beginning of ‘stress test’, sub-tests run in a loop, overnight
- Cache enabled — important, needed to mimic OS-type transactions; more stress

- Increment DRAM frequency — method to stress interface accounting for
variations in PVT

= How much above frequency max is considered ample?
- Historically 30MHz or more seemed good
= Useful for gathering statistical data; outliers may point to other issues

L
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DRAM Stress Test — Overview and History

(Continued)

- Non-OS test to exercise DRAM interface
- Non-OS: easier than OS to catch/debug DRAM failures
- Used by factory as part of DRAM validation
- Helps diagnose but doesn’t fix DDR problems
- Purpose: Root out potential signal integrity issues due to inadequate board layout

- Primarily uses sequential bursts of back-to-back data looking for simultaneous
switching noise (SSN)

- Validation vehicle that reports how robust DRAM interface is given current set of
parameters (i.e. drive strength settings, timing parameters, board layout, etc)

« Runs from internal RAM
- Device under test is DRAM itself, don’t execute out of same memory being tested
- Download to IRAM via JTAG debugger tools (RVD, Lauterbach, Macraigor)
- Now available in a USB version.
- FAE’s are able to provide tailored code if necessary.
- Any debugger that supports specific SoC ARM core and elf should work

- Factory not responsible to test every debugger or debug it if doesn’t work on other
debuggers

L
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DRAM Stress Test — Overview and History

(Continued)

- Once DRAM stress test passes with ample margin, are we guaranteed
the OS will never fail due to DRAM issues?

- High degree of confidence DRAM robust enough, but...
= OS is still the most stressful, particularly an OS stress test like Bonnie++
= Recommend to run any OS stress tests to double check

- Currently Supported SoC:

- MX28, MX508, MX51, MX53, MX6DQ (Arik) MX6DL (Rigel), MX6SL (Megrez),
MX6SX (Pele), MX7D

- No plans to back port to older legacy processors
= Issues encountered as some only have 16KB of IRAM

- Challenges

- Test becoming too big to fit inside IRAM (128KB becoming a limiting
factor)

- When new sub-tests are created, no plan in place to back port to older
processors

Zfreescale ... «



DRAM Stress Test — How to Run

Debugger Setup

- Stress test outputs .elf; can be run from various debuggers

- Debuggers necessary for new SoC bring up; highly useful for new board
bring up

- Debuggers don't rely on bootloaders or on anything running
= Simply having a debugger connect means the SoC is powered up and running

- Debuggers allow user to quickly test fundamental DRAM init
= Open a debugger memory window to perform simple write-read-verify

- There are less expensive debugger options than ARM (like Macraigor)

= May give up some functionality, but good enough to download and run stress
test

- To run from a debugger
- Run DRAM init (.inc, .ds, .cmm, .mac)
= Refer to DRAM Register Programming Aid tool
- Load and run the .elf file

L
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DRAM Stress Test — How to Run

Serial Port Setup

- DRAM Stress Test uses serial port output (UART) for user
Interaction

- Terminal program needed on the Host PC
- Host PC: Tera Term or Hyperterminal
= Ensure the correct COM port usage
- Set up:

BAUD RATE - 115200
DATA - 8 bit
PARITY- none

STOP - 1lbit

FLOW CONTROL - none

- Once test runs, look for output messages on the terminal
- Various run control options
- DRAM density to test, frequency range, etc

L
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DRAM Stress Test — How to Run

USB Option

- Makes use of *.bin file output.
- Need all in the same windows folder:
- USB executable file (DDR_Stress_Tester)
- *.bin file generated from source code (ddr-stress-test-<TGT>.bin)
- *.inc script file (from Register Programming Aid)
- Enter at the command prompt:
- DDR_STRESS TESTER -t <tgt> -df <prog_aid> -usb
- DDR_STRESS TESTER -h (Help Menu)
- Allowable targets are:
- Mx53
- MX6X

- Test runs from Windows command prompt just like Serial
UART Terminal.

L
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DRAM Stress Test — Interpreting DRAM Failures

- Failures observed may help narrow down a root cause; following are some pointers:

- Bit wise failures

Normally indicates one or more data lines experiencing glitch due to signal integrity issues (too slow rise/fall time, or too fast
rise and fall time attributing to ringing)

Varying temperature is one method to narrow down the root cause

If cooling down the part causes more failures, then it is likely the drive strength is too high causing more overshoots and
undershoots

If heating up the part causes more failures, then the drive strength is too low and the signals may not rise/fall fast enough
Playing around with drive strengths often help (start with i.MX side and then try DRAM side)

- Byte wise failures

This is usually indicative of a problem with the DQS signals: too slow a rise/fall time, there is a glitch, or over/under shoots
(signal integrity issues)

Temperature testing (see bit-wise failures) to assist in narrowing down the issue with the DQS signal
Playing around with drive strengths help; also try playing around with DQS to data timing

- Entire word is wrong or random

L

This may indicate something more catastrophic either in the logic of the DRAM controller, or some issue with address and/or
command signals

Could be a problem with board layout
Try playing around with DRAM controller’s timings like ‘RALAT’
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DRAM Stress Test — Interpreting DRAM Failures

Continued)

- Keep in mind that these are only pointers to help diagnose DRAM related memory
failures. In the past, DRAM failures were attributed to:

Poor board layout resulting in simultaneous switching noise (SSN) causing glitches.

Inadequate IO PAD design - often the IO PAD has poorly controlled impedance (either too high or too low a drive strength).
This can be easily proven when observing a data signal or DQS signal being sourced by the DRAM memory (read access) or
by the SoC (write access). One will often times observe that the DRAM memory provides a much cleaner waveform than that
of the SoC.

Internal package issues (poor routing of power/ground signals, not providing proper ground returns, ground bounce, etc.)

DRAM controller logic bugs, often found in corner use cases where an internal bus master causes a transaction or series of
subsequent transactions that were not anticipated or verified during the design process

Jitter on the SDCLK lines due to poor PLL design, or noise induced on the clock source itself (outside of the SoC from an
external crystal or oscillator).

For LPDDR2, make sure i.MX IOMUX has pull down enabled for DQS signals

- Always remember to double-check DRAM initialization (DRAM register programming
aid)

L
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- Board bring-up: where DRAM bring-up fits in
- Introduce the tools used for DRAM bring-up

- DRAM Register Programming Aid
- Introduction/Overview
- Walkthrough

- DRAM Stress Test

- Introduction/Overview
- How to build and run; deep dive into sub-tests

[ - DRAM Calibration Overview ]
- Case Study: MX508 and LPDDR?2 Failure

- Board Design Considerations

L
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DRAM Calibration in the DRAM Stress Test

- MX6 MMDC Calibration App Note (ANXXXX): highly recommended reading to understand calibration concepts
- MX6 series DRAM controller (MMDC) features HW supported calibration methods:
Read DQS Gating calibration
Read DQS delay calibration
Write DQS delay calibration
Write-leveling calibration
+ Previous i.MX SoC did not have this support in HW (with the exception of MX53)
- That doesn’t mean someone didn’t come along and write their own type of SW calibration code for previous parts

- ZQ calibration is something simply enabled, no user interaction

- Exception is MX508 where this requires a manual SW ZQ calibration routine
= This routine is part of the MX508 DRAM Stress Test

= This routine was obtained directly from design/validation and re-used in stress test

- DRAM Stress Tests that support calibration in some form or fashion:

MX6: Read DQS gating; read and write calibration; write-leveling

= MX6 Calibration app note describes other calibration methods, but these are manual or for fine tuning and are not commonly performed and are not
supported in the stress test

MX508: manual ZQ calibration
MX53: Read DQS gating; read and write calibration
All code received directly from design/validation and ported to stress test

L
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DRAM Calibration Conceptual Overview

Write Leveling Calibration

Address/Command/Clock
Fly-by topology

DQS and Data MMDC (source)

point-to-point

DDR3 (destination) CLK

Before write leveling
DQs \

DDR3

DDR3 (destination)
After write leveling

From the MX6DQ register programming aid example P
MPWLDECTRLO PHYO 0x021b080c |[0x001F001F Values from valldatlon

These are for write leveling calibration, which is needed for fly-by board | MPWLDECTRLL PHYO | 0x021b0810 |0x001FOO0LF board. For Sabre boards,

layout topology MPWLDECTRLO PHY1 0x021b480c  |0x00440044 which is routed point-to-
MPWLDECTRL1 PHY1 0x021b4810 [0x00440044 .
point, can set all values

to Ox1F.

* Compensates for CLK-t0-DQS skew incurred from fly-by topology

* Point-to-point memory layouts don’t need this
* Point-to-point memory layouts normally don’t use terminations, like FSL development boards

* Relevant to DDR3 memories only (not supported with LPDDR?2)

<« * Write Leveling Calibration code in MX6 DRAM Stress Test
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DRAM Stress Test — Calibration Routines

- The DDR Stress test can used to determine Write Leveling
Parameters

- To run stress test, need *.inc file from Register programming Aid.

- When test first starts up, answer preliminary questions:
- What core speed would you like to use?

- What DDR density would you like to use?
= Anything less than physically available memory is acceptable.

- What DDR Freqguency would you like to use?

Bl Administrator: CMD - Shortcut - DDR_Stress_Tester V1.03.exe -t muxbx -df MX6QLInC -ush l — | (s] Lﬂh]

llhat ARM core speed would wou like to »un?
Type B for 65BMH=. 1 for 8UOMH=z. 2 for 1GHz, 3 for 1_.2GH=
ARM zet to 800MH=

Pleaze select the DDR denszity per chip szelect <in bytez) on the hoard

For maximum supported density (4GB>, we can only access up to I.VP5GB. Type ? to
gelect this

DDR density szelected <MB>: 1824

Calibration will »un at DDR frequency 528MHz. Tupe ‘y* to continue.
If you want to run at other DDR frequency. Type *'n’
DDR Freq: 528 MH=
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DRAM Stress Test — Calibration Routines

- The next question from the DDR Stress test is:
- Do you want to run the Write Leveling Calibration. Press ‘y’

- The test will ask you to enter the four digit Mode Register 1
setting that you used in your initialization script.

- Once the MRL1 setting is entered, the Stress Test will complete
the Write Leveling Calibration Routine and report back the
calibration values:

@8 Administrator: CMD - Shortcut - DDR Stress_Tester V1.03.exe -t mubx -df MX6Q.inc -usb NGRS

lould vou like to run the write leveling calibration? Cusn>
Pleaze enter the MA1L value on the initilization script
Thiz will be re—-programmed into MR1 after write leveling calibration
Enter as a 4-digit HEX value, example @884, then hit enter
B384 ¥You have entered: BxB6004
Start write leveling calibration
llrite leveling calibration completed
» yrite level cal: BxBE2BBB23
_MPL » yrite level cal: BxBE2FBBE2A
MMDC_MPULDECTRLA chl after write level cal: OxB01BBB2ZE
MMDC_MPULDECTRL1 chl after write level cal: OxB8140800828

lould vou like to run the DS gating, readswrite delay calibration? <y~-n>

: - freescale . External Use 50



DRAM Calibration Conceptual Overview

Read DQS Gating Calibration

gating ok J _———— —— —
too early gating / |

DQSx signal !

Hi-Z , Read Preamble

Read Strobe :

From the MX6DQ register programming aid example

MPDGCTRLO PHYO 0x021b083c
MPDGCTRL1 PHYO 0x021b0840
MPDGCTRLO PHY1 0x021b483c
MPDGCTRL1 PHY1 0x021b4840
MPRDDLCTL PHYO 0x021b0848 |0x4436383b
MPRDDLCTL PHY1 0x021b4848 |0x39393341
MPWRDLCTL PHYO 0x021b0850 [0x35373933
MPWRDLCTL PHY1 0x021b4850 |0x48254a36

These parameters are determined after running calibration. The parameters
provided here are from Freescale's development board and will work as
initial values. Update these values after running calibration.

* Not a JEDEC standard; controls i.MX internal DQS gate timing parameters

* Mechanism for our DRAM controllers to correctly sample incoming read DQS signal
* Relevant to DDR3 memories only (not supported with LPDDR?2)

* Calibration code in MX6 and MX53 DRAM Stress Test

L
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DRAM Stress Test — Calibration Routines

- The DQS Gating,
Read/Write delay
calibration tests are next.

- Would you like to run the
DQS gating, read/write
delay calibration tests:
Press 'y’

- Test will automatically run
and provide results when
finished:

L
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& Administrator: CMD - Shortcut - DDR Stress, Tester V1.03.xe -t mu6 -df MX6Qunc -usb 520 o=

tlould you like to run the DQS gating,. read/write delay calibration? {y/n>
Starting D@8 gating calibration...

HC=Bx@1 ABS =088
HC=0Bx@4 ABS=Bx308
Mean: HC=0x82 ABS=8x57
End-B.5=tCK: HC=0Bx@3 ABS=Bx38
Final: HC=8x@3 ABS=Bx38

Start: HC=8x82 ABS=-BxAC
End: HC=8x#4 ABS=Bx18
Mean : HC=8x@3 ABS=Bx12
End-@.5*tCK: HC=8x@3 ABS=-Bx18

HC=8x83 ABS=-Bx18

HC=0xB2 ABS=0xAC
HC=8x84 ABS=BxAC
HC=8x@3 ABS=BxAC
HC=8x@3 ABS=8xAC
HC=0x@3 ABS=BxAC

HC=8x82 ABS=-AxA4
HC=8x@4 ABS=Ax14
HC=8x@3 ABS=BxAC
HC=8xH83 ABS=Bx14
HC=8x83 ABS=Bx14

HC=8xB2 ABS=-Bx18
HC=Bx84 ABS=Bx24
HC=8x@3 ABS=8x1A
End-B.5%tCK: HC=8x@3 ABS=\x24
Final: HC=8x83 ABS=-Bx24

Start: ABS =AxAC
End: ABS=Ax18
Mean: ABS =AxBE
End-@.5*tCHK: ABS=Bx1@
Final: ABS=Bx1@

ABS =Ax48
ABS =Ax54
Mean: ABS =AxBE
End-@A.5=tCHK: ABS =Ax54
Final: HC=Bx82 ABS=Bx54

Start: HC=Bx@2 ABS=BxAC
End: HC=8x84 ABS=Bx14
Mean : HC=8x@3 ABS=Bx18
End-@_5xtCHK: HC=0xA3 ABS=0x14
Final: HC=8x83 ABS=Bx14

DQS calibration MMDCB MPDGCTRLE = 8x43188338. MPDGCTRL1 BxB314830C
DQS calibration MMDC1 MPDGCTRLE = 8x43188324,. MPDGCTRL1 BxB3140254




DRAM Calibration Conceptual Overview

Read DQS Delay Calibration (Continued)

Read data direction

4

DQS[0]

DDR3
MMDC <°°“‘>:( n+1 >’<n+2

DQ[7:0]
: Inside | Outside
$ MMDC MMDC
i | besig | : Delayed DQS pas
//-' + N /0N - ~ center aligned | edge aligned
: N ¢ N - B
: 4 . Delay Circuit
v odut o Ddut N5 pdu N :
:<\‘ /\ nt1 /:\\ n{2 ,-'):'\\_ < | BATA
" oqpro)

From the MX6DO register programming aid example

MPDGCTRLO PHYO 0x021b083c_ |0x434b0350
MPDGCTRL1 PHYO 0x021b0840 |0x034c0359
MPDGCTRLO PHY1 0x021b483c  |0x434b0350
MPDGCTRL1 PHY1 0x021b4840 |0x03650348
MPRDDLCTL PHYO 0x021b0848
MPRDDLCTL PHY1 0x021b4848
MPWRDLCTL PHYO 0x021b0850 |0x35373933
MPWRDLCTL PHY1 0x021b4850 [0x48254a36

These parameters are determined after running calibration. The parameters
provided here are from Freescale's development board and will work as
initial values. Update these values after running calibration.

* Used to adjust read-DQS within read-data byte
* Relevant to DDR3 and LPDDR2 memories
+ Calibration code in MX6 and MX53 DRAM Stress Test

L
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Z “freescale

- The Read calibration
test is run begins next.

“Waterfall” display

shows visual of delay
settings that allow for
correct data readings.

- Correct return marked

with a ‘0’

Test finds center of valid

window and reports
result at bottom.

External Use

54

: Array resultl] holds the DRAM test result of each hyte.
B: test pass. 1: test fail
4 hits respresent the result of 1 hyte.
result BABEEEEL :hyte B fail.
result BOAEEAL1:hyte B, 1 fail.

Starting Read calibration...

OFFSET =AxPB0B0a8H
OFFSET =AxB40840484
OFFSET -AxP8 A8 B8 88
OFFSET =AxBCACACAHC
OFFSET=Ax18181818
OFFSET=Ax14141414
OFFSET=-Ax18181818
OFFSET=Ax1C1C1C1C
OFFSET =Ax282682020
OFFSET =Ax24242424
OFFSET =Ax28282828
OFFSET =B=2C2C2C2C
OFFSET =Ax38383830
OFFSET =Ax34343434
OFFSET=Ax38383838
OFFSET =Ax3C3C3C3C
OFFSET =Ax48484040
OFFSET =Ax44444444
OFFSET =Ax48484848
OFFSET =Ax4C4C4C4C
OFFSET =Ax58585850
OFFSET =Ax54545454
ABS_OFFSET=-Ax58585858
ABS_OFFSET =Bx5C5C505C
ABS_OFFSET -Ax6B6B6B60
ABS_OFFSET =Bx64646464
ABS_OFFSET-Bx68686868
ABS_OFFSET =Bx6C6CHCHTC
ABS_OFFSET =8x7A707878
ABS_OFFSET =0x74747474
ABS_OFFSET=Bx78787878
ABS _OFFSET =08x7C7C7C7C

result[BA1=Bx11114111
result[B81 1=Bx11111111
result[B2 1=Bx111114111
result[B3 1=Bx11811111
result[B41=Bx11811011
result [B5S 1=Ax1168110611
result [B6 1=BxB001 186068
result [A7 1=BxB001168608
result [B8 1=0xB0000068
result [A7? 1=-BxBE000B60
result [BA 1=0xB000068
result [AB 1=-BxB0000B60
result [AC 1=0xB00000608
result [AD 1=-BxB000RBE0
result [BE 1=BxB00000808
result [AF 1=-BxB0000060
result [18 1=0xB00000608
result[11 1=-BxBE00RBEE
result [12 1=BxB000BE0
result [13 1=BxBE00RBE0
result [14 1=BxB000006808
result [15 1=BxBE00RBEE
result [16 1=BxBE000B60
result [17 1=BxB01 008060
result [18 1=AxB01100868068
result[191=Bx1110081108
result [1AT=Bx111106111
result [1B1=Bx11116111
result [1CT1=Bx11114111
result [1D1=Bx11111111
result [1EI=Bx11114111
result [1F1=Bx11111111

MMDCA MPRDDLCIL = @x46383C3E. MMDC1 MPRDDLCTL = @x3C3A3242




DRAM Calibration Conceptual Overview

Write DQS Delay Calibration

QOutside MMDC
to DDR3

>

Inside MMDC

oospOfege |

Center align data fo DQS edges

HZ’C ycle Delay

B SR

From the MX6DOQ register programming aid example

MPDGCTRLO PHYO 0x021b083c  |0x434b0350
MPDGCTRL1 PHYO 0x021b0840 |0x034c0359
MPDGCTRLO PHY1 0x021b483c  |0x434b0350
MPDGCTRL1 PHY1 0x021b4840 [0x03650348
MPRDDLCTL PHYO 0x021b0848 |0x4436383b
MPRDDLCTL PHY1 0x021b4848 |0x39393341
MPWRDLCTL PHYO 0x021b0850 |0x35373933
MPWRDLCTL PHY1 0x021b4850 |0x48254a36

These parameters are determined after running calibration. The parameters
provided here are from Freescale's development board and will work as
initial values. Update these values after running calibration.

* Used to center output write-DQS within write-data byte
* Relevant to DDR3 and LPDDR2 memories
+ Calibration code in MX6 and MX53 DRAM Stress Test

L
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- The Write calibration

test is run last.

- Test uses the same
display as for the Read

calibration test.

- Test finds center of valid
window and reports

result at bottom.

L
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MMDCA MPRDDLCTL = Bx46383C3E. MMDC1 MPRDDLCTL = B8x3C3A3242

Starting Werite calibration...

ABS_OFFSET =AxARABABE0A
_OFFSET =8xA4340404
ABS_OFFSET=AxABAZHRAR
ABS_OFFSET =AxACACACAC
=Ax181681818
=BAx14141414

_ =Ax18181818
_OFFSET=Bx1C1C1C1C
_OFFSET =8x20282024
_OFFSET =Ax24242424
=Ax28282828
=Bx2C2C2C2C

_ =@x4C4C4C40
_OFFSET =Ax5A5A5854
_OFFSET =HAx54545454
_OFFSET=Ax58585858
_OFFSET =Bx5C5C5C50
ABS_OFFSET =Ax6BA6A6A6A
ABE_OFFSET =Ax64646464
=Ax6B6BLEGE

_ =Bxb6CeCHCET
ABS_OFFSET =Ax7@8787874
ABS_OFFSET =Ax74'747474
ABS_OFFSET =Ax78787878
ABE_OFFSET =Bx7?C7C7C7C

MMDCA MPWRDLCTL = 8x363E4448.MMDC1 MPURDLCTL = 8x3E384438

result [BB1=Axi1111111
result[B11=Ax18111111
result[B21=Ax18111111
result[B31=Ax18181111
result[B41=Ax181801180
result [A5 1=Bx1016886018
result [B6 1=Bx001 8806018
result [A7 1=AxA000B0EH
result [A8 1=AxA0ARHAA
result [A? 1=-0xA00000HH
result [AA 1=AxA0ARHAA
result [AB 1=-Bx0000860008
result [AC 1=Ax0000800H8
result [AD 1=B:x000H800H8
result [AE 1=0xA0HHAEHEE
result [AF 1=0xA000RHAH
result [181=-AxA00ARHAA
result [11 1=AxAARHAA
result [12 1=-Bx0000060008
result [13 1=-Bx0000060008
result [141=-AxB000BEHH
result [15 1=AxA0ARHAE
result [16 1=-AxA00ARHAH
result [17 1=AxA00AAHAA
result [18 1=Bx01 86016008
result [19 1=Bx01 86016008
result [1A 1=Bx116811608
result[1B1=Bx116811186
result[1C1=Ax11111116
result[1D1=Ax11111111
result[1E1=Ax11111111
result [1F1=Axii1111111




DRAM Calibration Conceptual Overview

ZQ Calibration

I L
T vcc

: &nﬁgumble
2 puvelf4:0] . pull-up
Resistor
(240 Ohm, Nominal)
zq_comparator_en &% zq pu_pd_sel >l
2q_compara_en (
zQ e
Calibration -§— VREF I
Logic zq_comparator_en & !(zg_pu_pd_sel) > (0
! External
onfigurable ZQ
2q_pd_vai4:0] > pull-down Resistor
Resistor 240 Ohm

(240 Ohm, Nominal) L 1%

* Feature of both i.MX* and DRAM (DDR3 and LPDDR2)
* Used to calibrate the pull-up/pull-down resistors of DRAM 10 pads (tighter control of pad impedance)
+ ZQ calibration occurs automatically, simply just need to enable it

* Except on MX508, there’s a SW routine to do this (in stress test)

* Only i.MX parts that support DDR3 and/or LPDDR2: MX6, MX53, MX508

L
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- Board bring-up: where DRAM bring-up fits in
- Introduce the tools used for DRAM bring-up
- DRAM Register Programming Aid
- Introduction/Overview
- Walkthrough
- DRAM Stress Test
- Introduction/Overview
- How to build and run; deep dive into sub-tests
- DRAM Calibration Overview
- Case Study: MX508 and LPDDR2 Failure

- Board Design Considerations

Z “freescale ... -



Case Study: MX508 and LPDDR2 Failure

Overview

L

Major customer reported issues with MX508 and LPDDR2

- Previous LPDDR2 vendor Elpida showed no problems

- When switching to Hynix, customer reported Linux boot failures at 266MHz
Failure could only be re-produced by booting Linux (it would crash)
- Booting uboot showed no problems

- When Hynix LPDDR2 placed on FSL MX508 EVK, could re-pro failure
DRAM Stress Test did not originally catch this failure

- Eventually new test was written that could catch this (row hop read)

Problem further complicated due to lack of knowledge/experience with Denali
DRAM controller

- Denali support contact had ended, but FSL was able to extend
Approx 6 weeks of debug before resolution
- Tried multitude of internal Denali controller-to-phy timing variations

- Ultimately, internal DQS gate timing parameters led to resolution — enable pull down
on DQS

Z“freescale ... s



Case Study: MX508 and LPDDR2 Failure

lllustration of Fix

Before Pull Enable

DQS Hi-Z to low edge

\VOOOON\OO0U [ Elpida, other LPDDR2
bas RO Z/‘ VR 2 N bt
IV
R XXRX XXX NXXNN) Hynix 1344, larger
D tDQSCK
QS AOOSBAN /_\_/_\_Q

t/Even though Hynix DQS output access time was longer, it was still within Jedec

After Pull Enable

Elpida, other LPDDR2
DQS /_\_/_\_ with smaller tDQSCK
Hynix 134A, larger
|
|
|
I
MX508 DQS /{
Gate enable | MX508 starts to sniff the DQS bus looking for the first edge to —
[ clock in data

With pull enable, during Hi-Z when DQS bus is floating, pull down keeps DQS at known state,
avoiding Hi-Z to low edges (same concept applies to DQS_b, but with pull up)

L
<
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- Board bring-up: where DRAM bring-up fits in
- Introduce the tools used for DRAM bring-up
- DRAM Register Programming Aid
- Introduction/Overview
- Walkthrough
- DRAM Stress Test
- Introduction/Overview
- How to build and run; deep dive into sub-tests

- DRAM Calibration Overview
- Case Study: MX508 and LPDDR?2 Failure
[ - Board Design Considerations ]

L
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8-Layer Board Stack-up

- Board stack-up critical for high-speed signal
guality.
- Impedances must be pre-planned.

- High-speed signals must have a reference
plane on an adjacent layer to minimize
cross-talk.

- FSL Reference design = Isola 370HR

- Power** - additional power plane to support
MX6Q to MX6Solo power options only.

Tol

Actual (ohms)

Impedance Type Layer Design Pitch Plane Target

0.00470 0.0045

1 Surface MS L1 - -
- - - - %) 50 50

2 EC Microstrip L1 0.00370 | 0.0038 0.0090 2
: 000370 | 00038 : L2 % 9.0
3 EC Microstrip L1 0.00450 0.00325 0.0100 -
. 0.00450 | 000325 = L2 100 10.0
4
L 4
' ' ™
Z “freescale External Use | 62

Primary Stack

0.0040C
(1-2118)

| AT |

1080

T

0.0040C
(1-2118)

Loeg___ITHTRTITEVITIR yird

0.0040C
(1-2116)

(1080 JIIHITHTET AR gE
0 0040C
(1-2116)
AT | (1
T
]

MX6Q ARD CPU

Signal
Ground
Signal
Power
Power**
Power**
Power
Signal
Ground

Signal



DDR Routing 1

- Swapping DDR3 Data lines within bytes facilitates
routing

- Write Leveling — lowest order bit within byte lane must remain
on lowest order bit of byte lane

- For example DO, D8, D16, ... fixed, other data lines free to swap
within byte lane

= JEDEC DDR3 memory restriction.
- No restrictions for complete byte lane swapping
- DQS and DQM must follow lanes

L
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DDR Routing 2

- Data re-assignment facilitates routing
- Data re-assigned within byte group
- Byte Groups can be reassigned

i.MX Contact Memory Contact

DRAM_DO DQ8 «<—— Lowest order bit
DRAM D1 DQ15
DRAM_D2 DQ10
etc etc
DRAM_ D7 DQ9
SDQSO0 DQS1
DQMO DM1

L
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DDR Routing 3

DDR (64-bit) routing configurations can be routed as:
- “T” configurations

- Termination resistors not required

= Accomplished with short routing lengths and on-chip drive strength
control

- Design limited to one chip select (4 x16 DDR’s)
= DDR3, 2 GBytes using latest memories (4 GBytes coming)

- “Fly-by” configuration
- MX6 DDR controller provides Address mirroring when using 2
chip selects. Aids routing for memories on both sides of board.

- Bus termination resistors required
- Proven design method, easy to simulate

L
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- Prototype boards should plan for DDR signal breakout boards from Agilent or other.
- Allows probing signal quality

MX6Q DDR3 “T” Configuration
- Alternate — Remove one memory to probe bus

o @

OOMQO T Z A
I

MX6Q DDR3
“Fly_by”
Configuration

: - freescale . External Use 66




Fly-By Topology vs. T Route

- Fly-By Topology Advantages:
- Easier to route
- Less chance for reflection in Address and Command traces.
- Parallel termination resistors go at end of traces.

- T Route Advantages:
- Less power consumption
= Traces not pulled up to VREF.

- Better performance.
= Don’t lose extra clock cycle to reads and writes.

L
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Layout considerations for high-speed signals

- High-speed signals must not cross reference plane gaps

- Avoid creating slots, voids, and splits in reference planes. Review
via voids to ensure they do not create splits (space out vias).

- Clocks or Strobes on same layer need at least 2.5x spacing from
adjacent trace (2.5x height from reference plane) to control cross-
talk.

- All Synchronous modules should have bus length matching and
relative clock length control.

= CLK should be longer than the longest signal in the Data/Addr/Control
group (+5 mils)

- Many web resources

L
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Power Grid Pontential Errors

- Chopping up planes
reduces effectiveness

Poor GND plane —
chopped up to route green signal

L
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GND Plane of Previous Slide —

« Vias too
close
together

- Horizontal
current
flow
blockage
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GND Plane -

Gray = copper

L
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D Plane of Previous Slide —

- Vias
spaced
apart

« Facilitates
horizontal
current flow
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High-Speed Signal Impedance

Signal Group Impedance Layout
Tolerance (+/-)

All signals, unless specified 50 Ohm SE 2%
USB Diff signals 90 Ohm Diff 2%
Diff signals: 100 Ohm Diff 2%
LVDS, SATA, HDMI, DDR, PCIE, MIPI (CSI & (85 ohm PCI)

DSI), MLB, Phy IC to Ethernet Connector

L
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Bring-Up: Power — Example Voltage Report

BoardName: ~~ Serial # Data Collected by:

Main 5.103 C5.1

3.3V discretereg 3V3_DELAYED 3.35 3.334 SH1 Requires LDO3 to enable
PMIC Switcher 1 VDDARM 1.375 1.377 SH2

PMIC Switcher 2 VDDSOC 1.375 1.376 SH3

PMIC Switcher 3 1V5_DDR 1.5 1.501 SH4

PMIC LDO1 1v8 1.8 1.802 TP9

PMIC LDO2 2V5 2.5 0.3 TPS

VREFDDR 0OV75_REFDDR 0.75 0.751 C8.1 50% of 1V5_DDR
Coin Cell 3V0_STBY 3.0 3.006 TP1

MX6 VDDARM_CAP 1.1 1.114 C6.1

MX6 VDDHIGH_CAP 2.5 2.515 SH5

MX6 VDDSNVS_CAP 1.0 1.016 TP2

L
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Bring-Up: Power-Up Sequence

Tek Single Straq 14_1|li?|.lliil|<:5.r‘s |
E T

5V_MAIN
Feeds 3.3V Reg o

SNVS
2-p:'-2_.[' e by
SW1A/B :
3+ y
R O B S S
POR_B -

RESETBMCU - i{

14:07:48

L
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- Overview of tools used by the factory to optimize and
debug DRAM interface

- Excel spread sheet based register programming aid
- DRAM stress test using open source compiler

- DRAM Calibration app note available from Freescale
- Introduction of DRAM calibration concepts

- Case study of DRAM debug efforts

L
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Links to Useful DRAM Documents

- JEDEC

DDR3 Specification:
http://www.|edec.org/sites/default/files/docs/JESD79-3E.pdf
DDR3L Amendment:
http://www.jedec.org/sites/default/files/docs/JESD79-3-1 1.pdf
LPDDR3 Specification:
http://www.|edec.orqg/sites/default/files/docs/JESD209-3.pdf
WidelO SDR Specification:
http://www.jedec.org/sites/default/files/docs/JESD229.pdf
LPDDR2 Specification:
http://www.jedec.org/sites/default/files/docs/JESD209-2E.pdf

- Micron Documentation

DRAM Support Site:
http://www.micron.com/products/dram/ddr3-sdram#documentation_support

L
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http://www.jedec.org/sites/default/files/docs/JESD79-3E.pdf
http://www.jedec.org/sites/default/files/docs/JESD79-3-1_1.pdf
http://www.jedec.org/sites/default/files/docs/JESD209-3.pdf
http://www.jedec.org/sites/default/files/docs/JESD229.pdf
http://www.jedec.org/sites/default/files/docs/JESD209-2E.pdf
http://www.micron.com/products/dram/ddr3-sdram

References

- FTF Session FTF-ENT-F0039 Designing Transmission
Lines in High-Speed Printed Circuit Boards: Preventing
Potential Problems

= Go to freescale.com - Freescale Technology Forum, Training, tools,
... 2 FTF Americas - Technical Sessions Library > FTF-ENT-F0039

- Books recommended from the session:

- Right the First Time: A Practical Handbook on High Speed PCB
and System Design, Volumes | & I, Lee W. Ritchey. Speeding
Edge, ISBN 0-9741936-0-7

- Signal and Power Integrity Simplified (2nd Edition),Eric Bogatin.
Prentice Hall, ISBN 0-13-703502-0

- High Speed Digital Design: A Handbook of Black Magic,
Howard W. Johnson & Martin Graham. Prentice Hall, ISBN O-
13-395724-1
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