June, 2010

DDR2 and DDR3 Deep Dive
FTF-NET-F0686

Mazyar Razzaz
Presenter Title *

L 4
VX 4 ™
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of Freescale Semiconductor, Inc., <@

Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink i ductor
and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. semicon



Agenda

» Basic DDR SDRAM

- Memory Organization & Operation
- Read and write timing
- Electrical signaling & termination

» PowerQUICC DDR Controllers

- Features & Capabilities

- Initialization & Register Configurations
- Pitfalls / Debug Tips

- Board design Pitfalls / Debug Tips

L
L d
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of Freescale Semiconductor, Inc., & L
Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink & reescale ™
and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. 2

semiconductor



Basic DDR SDRAM

Memory Organization & Operation
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Single Transistor Memory Cell
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Memory Arrays
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Internal Memory Banks

» Multiple arrays organized into banks

» Multiple banks per memory device

- DDR1 - 4 banks, 2 bank address (BA) bits
- DDR2 & DDR3-4 or 8 banks, 2 or 3 bank address (BA) bits
- Can have one active row in each bank at any given time

» Concurrency

- Can be opening or precharging a row in one bank while accessing another bank

» May be referred to as “internal”, “logical” or “sub-" banks

Bank O Bank 1 Bank 2 Bank 3

Row O
Row 1
Row 2
Row 3
Row ...

Row
L rrrrrrr e PPyl

Buffers
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Memory Access

>
g |

Bank O Bank 1 Bank 2 Bank 3
» A requested row is Row 1
Row 2
ACTIVATED and made Row 3

Row ...

acceSSiblethroughthe ufter IIIIIIII”IIIIIIIIIIIIIIIIIIIIII
bank’s row buffer. gufters L1

Bank O Bank 1 Bank 2 Bank 3

» READ and/or WRITE are issued  fov°
to the active row. Row 2

Row ...

Row
Buffers L. L T T T T[] CT T (TT T T T TT] I

Bank O Bank 1 Bank 2 Bank 3

» The row is PRECHARGED and Row ¢
IS no longer accessible through Row 2 BENE
the bank’s row buffer. Row ... |

Row
o LTI T T T) CTT I [T I}
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» Inflneon HYB18T256800AF
or Micron MT47H32M8

Example —- DDR2 SDRAM

32M x 8
256 Mb

»32M x 8 (8M x 8 x 4 banks) ADDR —¢—>(A1120]  DQI70)

2
BANK ADDR ——4——| BA[1:0]
» 256 Mb total
ICS ———»|
IRAS —— |Command
/ICAS ——>| |Bus

» 13-bit row address AE ——| ]

« 8K rows CKE ——|
ck — | |[ck

» 10-bit column address oK ——|]

DQS
/DQS

DM

oDT

8
«—F<—> DATA

DATA
STROBE(S)

DATA
MASK

«—— ODT

1K bits/row (8K total when you take
Into account the x8 width)

» 2-bit bank address
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T
Example — DDR2 DIMM

/CSn ODTn

» Infineon HYS72T3200HU or
MICFO” MT9HTF3272A :[Al[zl(z)ll DQZc:gOs] ] MDQ[0:7], MDQS0, MDMO

/DQS —

/RAS oM MDQI8:15], MDQS1, MDM1
ICAS ] MDQ[16:23], MDQS2, MDM2

IWE
] MDQ[24:31 MDQS3, MDM3

CKE
CK ] MDQ[32:39], MDQS4, MDM4
»9 each 32M x 8 memory [ st uooss s

— ODT MDQ[48:55], MDQS6, MDM6

devices He:

»32M x 72 overall —
4'—|7

» 256 MB total —

| I
|
S
» Single “rank”
g 32Mx 8
A[12:0] DQ[7:0]
11 77 BA[1:0] DQS ECC[0:7], MDQS8, MDM8
> yie lanes 1005
RA
/IRAS DM
ICAS
IWE
CKE
CK
ICK
— ODT
ICcs
<.
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DDR1/DDR2/DDR3 Basic Command Summary

Command /ICS IRAS  /CAS /WE
N H X X <
NOP T L | K H H <
ACTIVE L L H H | BA, Row
READ L H L H | BA, cCol
WRITE L H L L BA, Col
PRECHARGE L L H L BA
PRECHARGE ALL L L H L A[10]
REFRESH L L L H X
LOAD MOD%EGISTER L L L | O'Z"Z‘:’;‘;e
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Read/Write Bursting

» Activating and/or precharging rows can be time consuming

» Once a row is open, only the bank and starting column address are
needed for R/W bursts

- Memory device increments an internal column address counter

» Cache line oriented:
- For a 64-bit wide memory bus:
= 4-Beat burst => 32 bytes
= 8-Beat burst => 64 bytes
- For a 32-bit wide memory bus:
= 8-Beat burst => 32 bytes

L
eeeeeeeee , the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of Freescale Semiconductor, Inc., & L ™
Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink & rees‘ a e
and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. 11 . "

semicon: ductor



{ ]

DDR2-533 Read Timing Example

h

Memck ¢ | ¢ [ ¢ [ ¢ [+ [+ [+ Lt ¢
|1—>|Tck=3.75ns

N
N
N
N
)

ACTIVE READ READ PRECHARGE
Trcd (ACTTORW ) = 4 clk Tecd=2clk  Trtp (RD_TO_PRE) = 2 clk Trp (PRETOACT) = 4 clk J

ICS

N NN

IRAS

\__/
foas T/
\__/

=

IWE

Address Ca)

CASLAT =4 clk

M

ba (20X 21X 22X 02X oox o1 o2 02)

I

DQS

R -
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DDR3 Read Timing Example

T10 T11 T2 T2

S0 G GG S NS G G G S G
RN,

Address ,-"

Dg5, D05

| ;'/ | S ‘
18] -
0Q {i N ,:f:

L

i |

XD 5
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" DDR2-533 Write Timing Example

vemow £ | _§ | £ £ 4
l‘—V| Tck =3.75ns

ACTIVE WRITE PRECHARGE
Trcd (ACTTORW ) = 4 clk

N
N
N
N
N
N
N
N
N

*

—

ICS

=

SO

IRAS

ICAS

IWE

Address BA, COL

[ ICC

WR_LAT = CASL + AL -1 = 3 clk Twr (WRREC) = 4 clk
71 b

oas r aWaul
bQ OO0
o 0000

K

- v
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DDR3 Write Timing Example

Cammand :}}@unngm HOP }E?Z’lij{ NCP Jm_m_li I‘,{?:ZZ): NP ﬂsﬂ "me NP }f}i}}: HCP m m!ﬁ.m NOP m mp_m ﬂnpm NP
address ) Vel }(77/7 T’f’ffﬂfffﬂi’ffffffﬁ T’ffffffff ffﬁfs’fff T’fr’fffffffai’ffffffffffffff;’ffffffffﬂ:ﬁ’ffff fmflf’ffff ffff}ffﬁﬂffffffffﬂ

. WL=AL+ QWL

1
1 -—
1

DG BLE P i ! I |
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T
Burst Length

» Burst Length control (BC4/8 on the fly)
- 8-bit pre-fetch is standard for DDR3 memories
- Thus, burst length of 8 is default

» DDR3’s also support ‘pseudo BL4’ using burst chip

s>
@@@@@@@@ BL8
—— 8000558600000 8 806 1
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DDR1/DDR2/DDR3 Comparison

and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. 17

Feature DDR1 DDR2 DDR3
Package TSOP BGA only BGA only
Voltages 2.5V Core, 2.5V I/O 1.8V Core, 1.8V /O 1.5V Core, 1.5V I/O
Densities 64Mb-1Gb 256Mb-4Gb 256Mb-8Gb
Internal Banks 4 4o0r8 8
Prefetch 2 4 8
Data Rate 266-400 Mbps 400-800 Mbps 800—1600 Mbps
CAS / READ Latency 2,25,3Clk 3,4,5+AL Clk 5,6, 7+ AL Clk
WRITE Latency 1 READ Latency -1 CAS write Latancy
I/O Signaling SSTIE 2 SSTL 18 SSTL 15
On-die for data group. On-die termination
Termination Parallel termlr_latlon to V;; termination for for data, address,
V1 for all signals address, command, and command, and
control control
Data Strobes Single Ended Single or Differential Differential
L
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of Freescale Semiconductor, Inc. :
Reg. U.S. YPat. & Tm. Off. BeéKit, BeéStac’k, CoreNet, ;he Energy Efficiem Solt;tions Iogb, Flexis, NiXC, Plagform ir;aPackag'e, Processor Expert, QorlQ, QUICC Engine, SMARTMOS, furboLink : freescale ™

semiconductor



P

Basic DDR SDRAM Functionality

Electrical Signaling & Termination
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=
DDR1/DDR2/DDR3 Electrical Signaling Overview

» DDR1/DDR2/DDR3 use SSTL (Stub Series Terminated Logic)

- Receiver has differential inputs

- Input signal is compared to a reference voltage, Vzge

+ Vger= Vppo/2 and is expected to track Vppg

- Termination voltage, V1 = Vrgr and is expected to track Vzee

Parameter DDR1 DDR2 DDR3

VbbQ 25202V 1.8+£0.1V 1.5+£0.075V
VREF (0.49 — 0.51) * Vbpo (0.49 - 0.51) * Vopo (0.49 - 0.51) * Vopo
Vrer AC Noise +2% Vrer(dc) +2% of Vrer(dc) +1% of Vrer(dc)
VT Vrer £ 40 mV Vrer £ 40 mV Vrer £ 40 mV
Vin(ac) VRrer + 310 mV VRrer + 250 mV VRrer + 175 mV
ViL(ac) VRer - 310 mV VRrer — 250 mV VRrer — 175 mV
Vin(dc) VRrer + 150 mV VRrer + 125 mV VRrer + 100 mV
ViL(dc) VRer - 150 mV VRer - 125 mV VRrer - 100 mV

2" freescale -
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DDR1/DDR2/DDR3 SSTL Signaling

— VDDQ (2.5V or 1.8V)

__ ViHpc __ ViHp

— VIHpc — VIHpc

"™ Vrer + AC Noise
¥~ VRer + DC Error

VILDC T V”‘DC

V|LAC — VILAC

4 .
J Receiver
— VssQ

Transmitter

2 7
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Impedance Matching

Usually want Z, as low as possible and
Z, as high as possible, but:

% reflection = (Z, — Z,) I (Z, + Zp) * 100%

so impedances need to be matched

For high frequencies and/or fast rise
times, all connections have to be treated
as transmission lines and impedances
need to be matched at multiple interfaces
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Termination Options

h o
g |

At the Destination:

At the Source: Zruine

Parallel
R =2 e

To Pwr

Series or Gnd
R+ Zoyr = Zrune

ZTLINE ZTLINE .
[>—Wv—e:)—|> Thevenin

R=2"Zr e

ZTLlNE
<.
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Termination Options Discussed in SSTL Specs

Z,=50Q Z,=50Q

JEDEC Class Il

VREF VREF

Vrr Vot

Zo=5OQ [ 0—5OQ o=50f2

VREF VRer
vREF
vTT
Z,=50Q
vREF
<.
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DDR1 Termination

h
L |

DIMM1 DIMM2 VTT, VREF

Memory
Controller

A
n

Address '

Command

Chip Selects

Data
Strobes
Mask

s ) B
=B e

Most popular DDR-1 termination technique

L
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A
), 4 DDR2 Termination

DIMM1 DIMM2

Address
Command

Memory | chip Selects i [ :
Controller | ckgs, ODTs  i......

pue|s| uwia] L1IA

vopg | Data _ ......
= | Strobes
Mask

ﬁ

ODT

OoDT

GND * Optional compensation
capacitor method.

2 7
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K DDR3 Termination

DIMM1 DIMM2

Address
Command

—

Memory | chip Selects
Controller CKEs, ODTs

—

= | Strobes
obT Mask

OoDT

L
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On-Die Termination (ODT)

» Termination can be turned on
and off as needed 4 Output

Driver
Vbba
» One ODT pin per SDRAM |
device ba '
2Rt

» One ODT pin per rank for >
DIMMs 2Rrr

Most applications use one per slot |
(Micron, Samsung)

Vssa

» R, for the SDRAM devices is oor — 2
set in the Extended Mode

Register (150, 75 or 50 Q for
DDR2)

(120, 60 or 43 Q) for DDR3)
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» Dependent upon board topology
» One ODT pin per module
» Guidelines can be provided, but:

« Simulate

- Verify using a scope

T
ODT Settings — Micron Design Guide

» Recommendations for DDR2-533 two-DIMM systems:

Controller Near Slot Far Slot Near Slot, Far Slot,
Populated Populated Both Both
Populated Populated
Write to near module OFF 150 Ohms OFF 75 Ohms
Write to far module OFF 150 Ohms 75 Ohms OFF
Read from near module 75 Ohms OFF
Read from far module 75 Ohms OFF
Read from near module 150 Ohms OFF 75 Ohms
Read from far module 150 Ohms 75 Ohms OFF
R/
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PowerQUICC DDR Controllers

Features & Capabilities

L 7
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T
DDR1/DDR2/DDR3 Controller Features & Capabilities

h -
P

» Supports most JEDEC standard x8, x16, x32 DDR1 & 2 & 3 devices
» Memory device densities from 64Mb — through 4Gb
» Data rates up to: 333 Mb/s for DDR1, 800 Mb/s for DDR2 and DDR3

» Devices with 12-16 row address bits, 8-11 column address bits, 2-3 logical
bank address bits

» Data mask signals for sub-doubleword writes

» Up to four physical banks (chip selects)

» Physical bank sizes up to 4GB, total memory up to 16GB per controller

» Physical bank interleaving between 2 or 4 chip selects

» Memory controller interleaving when more than 2 controllers are available
» Unbuffered or registered DIMMs
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“* DDR1/DDR2/DDR3 Controller Features & Capabilities (cont.)

» Up to 32 open pages
- Open row table
- Amount of time rows stay open is programmable
» Auto-precharge, globally or by chip select
» Self-refresh
» Up to 8 posted refreshes
» Automatic or software controlled memory device initialization

» ECC: 1-bit error correction, 2-bit error detection, detection of all errors
within a nibble

» ECC error injection

» Read-modify-write for sub-doubleword writes when using ECC
» Automatic data initialization for ECC

» Dynamic power management

L 7
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T
DDR2/DDR3 Controller additional Features & Capabilities
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» Partial array self refresh
» Address & command parity for Registered DIMM

» Independent driver impedance setting for data,
address/command, and clock

» Mirrored DIMM supported

» Automatic CPO (operational)

» Write-leveling for DDR3

» Automatic ZQ calibration for DDR3

» Fixed or On-the-fly Burst chop mode for DDR3
» Asynchronous RESET for DDR3

» Synchronous & Asynchronous clock-in option
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Presenter
Presentation Notes
Address Parity Enable. Determines if address parity is generated and checked for the address and control signals when using registered DIMMs. If address parity is used, the MAPAR_OUT and MAPAR_ERR pins are used to drive the parity bit and to receive errors from the open-drain parity error signal. Even parity is used, and parity is generated for the MA[15:0], MBA[2:0], MRAS, MCAS, MWE signals. Parity does not generate for the MCKE[0:3], MODT[0:3], or MCS[0:3] signals. Note that address parity should not be used for non-zero values of TIMING_CFG_3[CNTL_ADJ].
DDR3 DRAMs have a RESET pin defined, which should be asserted to the DRAMs at POR. The DDR controller will not drive this pin. Instead, this pin should be driven active low from the board at POR to reset the DRAM
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Fly By Routing Topology

» Introduction of “Fly-by” architecture
- Address, command, control & clocks
- Improved signal integrity...enabling higher speeds
« On module termination

Matched tree routing of clk command and ctrl

(0] O O (0] O (0] O O

V0 = — &

DDR2 DIMM :
Controller

Fly by routing of clk, command and ctrl VTT

O (0] O (0] O O (0] O

A

Controller

DDR3 DIMM
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Presenter
Presentation Notes
Unbuffered DIMMs


T
Fly By Routing Improved Sl

DDR2 Matched tree routing DDR3 Fly by routing

MPC38572 DDC DDR2 MA Signal -- Two 18 load unbuffered DIMMs . MPC8572 DDC DDR3 MA Signal -- 0 18 load unbuffered DIMMs
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Presenter
Presentation Notes
800MT/s
2.5uS
At last device on the route
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What is write leveling

During a write cycle, the skew between the clock and strobes are
increased due to the fly-by topology. The write leveling will delay the
strobe (and the corresponding data lanes) for each byte lane to
reduce/compensate for this delay.

L SCLL I I Y AN I N I N I N R S

am_pas 1 1 1
#1

w2

dim_Ck I 4 1 L1 °f °L_1 1

ain_pas 1 1 1

Delay DO #3 1 — —
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Read Adjustment

» Automatic CAS to preamble
calibration

» Data strobe to data skew
adjustment

Data Lanes \

Address,
Command
& Clock Bus

B
_
=
B
|
B
-
B
B
g

NI SRII GRRSIIIEE, . 3501 0 )) G )  SRTO O |

Instead of JEDEC’s MPR method, Freescale controllers use a proprietary method of read
adjust method. Auto CPO will provide the expected arrival time of preamble for each strobe line
of each byte lane during the read cycle to adjust for the delays cased by the fly-by topology.
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Presenter
Presentation Notes
During read path training the memory controller adjusts for the arrival time differences introduced by the fly-by memory topology.   This allows each of the byte lanes to be reliably captured by the controller’s read logic.
Important - JEDEC's defined uses a special Multi-Purpose Register (MPR) for accomplishing this. 
Two key items are handle under our scheme….  
data strobe to data skew adjustment  (deltas with the byte lane)
and automatic CAS to preamble calibration  (byte-to-byte differences)



(=)
4

<

Write Adjustment

EH

» Write leveling used to add delay
to each strobe/data line.
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Data Lanes

Write leveling sequence during the initialization process will determine the
appropriate delays to each strobe/data byte lane and add this delay for every write
cycle.
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Presenter
Presentation Notes
During read path training the memory controller adjusts for the arrival time differences introduced by the fly-by memory topology.   This allows each of the byte lanes to be reliably captured by the controller’s read logic.
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DIMM Mirroring...

» The DDR3 IP fully supports address mirroring
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Presenter
Presentation Notes
DR3 UDIMM Supports address mirroring to improve signal integrity and enable higher data rates on multi load command address bus fly by bus by reducing stub lengths and ease PCB routing, RDIMMs and SODIMMs do not use mirroring

While most address signals could be connected 1 to 1 from the DIM connector the the SDRAM, the signals BA0, BA1, A3, A4, A5 A6, A7 and A8 may be mirrored on dual rank UDIMMs

During normal operation this mirroring is transparent for the system. However during MRS commands, each address bit is specific.  Therefore, the memory controller needs to know if Mirroring is applied to the 2nd Rank

Memory controllers need to consider SPD byte 63 “Address mapping form edge connector to DRAM.


PowerQUICC DDR Controllers

Initialization and Register Configurations
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DDR2 Initialization Flow

Power-up

Precharge
All

Issued by controller

Chip selects

enabled and DRAMs Mode Registers Programmed

DDR clocks T
begin Initialized Issued by controller

CKE = HIGH
tDLL =512 clocks

Ready for User accesses

MEM_EN =1

Controller

Started
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Presenter
Presentation Notes
Teal states are no longer used for DDR3


g
ol DDR3 Initialization Flow

Power-up

W DDR
Reset

Need at l
least 500us
from reset

deassertion DDR Chip selects

to the CTRL enabled and Automatically handled
controller INIT DDR clocks By the controller
being begin

DRAMSs Mode Register
Initialized Commands Issued

Asserted at
least 200us

DDR3’s
Conduct
Precharge

ZQCL Issued (512 clocks)
Also DLL lock time is occuring

Automatic CAS-to-Preamble
(aka Read Leveling)....
Plus Data-to-Strobe adjustment

enabled.

Timed loop

may be CKE = HIGH
needed.
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Presenter
Presentation Notes
DDR Reset is Hardware function by normal reset controller
Enabling ZQCL Calibration is new for DDR3 driver in DDR CTRL INIT state
Enabling Write Leveling is new for DDR3 driver in DDR CTRL INIT state
CAS to Preamble adjustment is new for 8572 and can be used for DDR2 and DDR3


Register configuration

Two general type of registers to be configured in the memory
controller

» First register type are set to the DRAM related parameter values,
that are provided via SPD or DRAM datasheet

» Second register type are the Non-SPD values that are set based on
customer’s application. For example:
- On-die-termination (ODT) settings for DRAM and controller
driver impedance setting for DRAM and controller
Clock adjust, write data delay, Cast to preamble override (CPO)
2T or 3T timing,
Burst type selection (fixed or on-fly burst chop mode)
Write-leveling start value (WRLVL_START)

L d
Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink & reesca e
and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. 42 ) "

semicon: ductor



T
What Can We Adjust to Optimize the Timing?

h o
g |

» CLK_ADJUST

» WR_DATA_DELAY
» CPO

» 2T EN, 3T_EN

» WRLVL_EN

» Burst chop mode
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o CLK_ADJUST & WR_DATA_DELAY
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Pitfalls / Debug Tips - Clock Adjust

» Addr/Cmd are always launched from the same location, memory clock is
shifted with DDR_SDRAM_CLK CNTL[CLK ADJUST]

- Used to meet setup/hold for Addr/Cmd

» Use a scope to verify that clock is centered inside of the Addr/Cmd valid

eye.

- Look at heavily loaded signal (/RAS, /CAS, /WE, Addr, BA)
- Look at lightly loaded signal (/CS, ODT, CKE)

Bits

MName

Description

0=

Resarved

5-8

CLEK_ADJUST

Clock adjust

Q000
0001
Q010
o011
0100
o101
0110
o111
1000

1001-

Clock will be launched aligned with address/command

Clock will be launched 1/8 applied cycle after address/command
Clock will be launched 1/4 applied cycle after address/command
Clock will be launched 3/8 applied cycle after address/command
Clock will be launched 1/2 applied cycle after address/command
Clock will be launched 58 applied cycle after address/command
Clock will be launched 34 applied cycle after address/command
Clock will be launched 7/8 applied cycle after address/command
Clock will be launched 1 applied cycle after address/command
1111Raserved

931

Reserved

<.
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Pitfalls / Debug Tips — Write Data Delay

» Controlled via TIMING_CFG_2[WR_DATA_DELAY]

»Used to meet tpnss timing requirements
« In addition to compensating for CLK ADJUST setting

» Verify using a scope

« Must be measured after DDR_SDRAM_CLK_CNTL[CLK_ADJUST] has
been optimized

» WR_DATA DELAY field is ignored by memory controller when

DDR3 is used and write-levellina is enabled.

1821

WR_DATA_DELAY

Write command to write data strobe timing adjustment. Controls the amount of delay applied to the
data and data strobes for writes. See Section 9.5.9, "DDR SDRAM Write Timing Adjustments,” for
details.

000 0 clock delay 100 1 clock delay

001 1/4 clock delay 101 &5/4 clock delay

010 1/2 clock delay 110 3/2 clock delay

011 3/4 clock delay 111 Resarved
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» Set via TIMING_CFG_2[CPO]

Pitfalls / Debug Tips - CAS to Preamble

» Use application note AN2583 section 4.2 to calculate

» Must be calculated after DDR_SDRAM_ CLK CNTL[CLK ADJUST]
has been optimized

» Use the center value If more than one valid CPO available
» DDR3 should select Automatic CPO calibration

Bits

Name

Description

cpPo?

MCAS-to-preamble override. Defines the number of DRAM cycles between when a read is issued
and when the corresponding DQS preamble is valid for the memory controller. For these decodings,
*READ_LAT" is equal to the CAS latency plus the additive latency.

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011

READ_LAT +1
Reserved
READ_LAT
READ_LAT + 1/4
READ_LAT + 1/2
READ_LAT + 3/4
READ_LAT +1
READ_LAT + 5/4
READ_LAT + 3/2
READ_LAT + 7/4
READ_LAT + 2
READ_LAT + 9/4

01100 READ_LAT + &2
01101 READ_LAT + 11/4
01110 READ_LAT + 3
21111 READ_LAT + 13/4
10000 READ_LAT + 7/2
10001 READ_LAT + 154
10010 READ_LAT + 4
10011 READ_LAT + 17/4
10100 READ_LAT + 9/2
10101 READ_LAT + 1974
10110—11110 Researved
11111 Automatic calibration {recommended)
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2T/3T Timing

» Puts Addr/Cmd signals on the bus for 2 or 3 clock cycles instead of 1
» Does not affect Control signals

» When to use?

« Two dual-rank unbuffered DIMMs
« 36 loads on Addr/Cmd lines

» Typically not required for:
« One dual-rank unbuffered DIMM
« 18 loads on Addr/Cmd lines

» When not to use?
- Registered DIMMs
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PowerQUICC DDR Controllers

Pitfalls / Debug Tips
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Pitfalls / Debug Tips - DDR Type POR Configuration

Table 4-16. DDR DRAM Type

Functional Reset Configuration Value Meanin
Signal Name (Binary) 9
LGPLO, LGPL1 cfg_dram_type[0:1] 00 Reserved

01 DDR1
2.5V, CKE low at reset

10 Reserved

11 DDR2
1.8V, CKE low at reset (default)

Default (11)

Table 4-20. DDR DRAM Type

Funegtional Reset Configuration | Valus :
Signal Name {Binary}) Meaning
LEPLOLFCLE cfg_dram_type 4] CCR3
1.5 W CKEE low at rezet
Diafault (1) " DDRZ
1.8\ CKE low at reset (default)
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Pitfalls / Debug Tips - ECC and DDR Error Registers

» ECC should be enabled if possible
- DDR_SDRAM_CFGJECC_EN] enables ECC
- DDR_SDRAM_CFG_2[D _INIT] initializes data and ECC in DRAM

- If ECC cannot be enabled, it may be more difficult to detect DDR
generated errors

» ERR_DETECT register should be checked for DDR errors
- ACE — Automatic calibration error
- MBE — Multi-bit ECC error
- SBE — Single-bit ECC error
- MSE — Memory select error
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Citfalls / Debug Tips - CAS Latency / Write Latency / Additive
Latency

h -

» Program write latency based on DRAM type
- DDR1 -> Write latency = 1 DRAM cycle
- DDR2 -> Write latency = (Read latency — 1) DRAM cycles
- DDR3 -> Write latency = CWL

» Programming CAS latency too high can degrade performance
- Check DRAM datasheet based on frequency used and specific DRAM device

» \When ODT is used, other rules must be followed to allow ODT to
assert early enough

- DDR2: Write latency + additive latency >= 3 cycles
- DDRS3: set as required per specified DDR3 datasheet value.
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Pitfalls / Debug Tips - DDR Mode Registers

» Values programmed into DDR mode registers must match DDR
controller configuration registers

- CAS latency
Burst length

Write recovery
= Not a straight decode in Mode Register

Active powerdown exit time
Additive latency
Differential DQS enable

» DLL reset and ODC calibration fields are controlled automatically by
the DDR controller
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*Pitfalls / Debug Tips - Programming t and tIrtlo

witr? rrd’

» Use caution when calculating:

TIMING_CFG_1[WRTORD] (t,,)

TIMING_CFG_1[ACTTOACT] (t,,)

TIMING_CFG_2[RD_TO_PRE] (trtp)

DDR2: Minimum value for each parameter is 2 DRAM clocks
DDR3: Minimum value for each parameter is 4 DRAM clocks
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Pitfalls / Debug Tips - 200 us Delay

» 200 us for DDR2 and 512 us for DDR3 must pass between stable
clocks and CKE assertion

» Clocks are stable after DDR_SDRAM_ CLK CNTL[CLK_ADJUST] is
programmed and any chip select has been enabled via
CSn_CONFIG[CS_n_EN]

» CKE is asserted after DDR_SDRAM_ CFG[MEM_EN] is set

» Software must provide delay between these 2 steps
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Board design

Pitfalls / Debug Tips

L
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sy
o Board Design Pitfalls Summary

» Pitfall 1 Noisy Vref: Care must be taken to isolate Vref
» Pitfall 2 Weak Vref: Insure adequate current for Vref

» Pitfall 3 Ref Plane: Insure excellent reference plane for all DDR
signals

» Pitfall 4 Data Tuning: Data bits within 10 mil, Byte lanes within 0.5”
» Pitfall 5 Proper Termination: Discrete implementations require term.
» Pitfall 6 POR Config: Insure correct DDR (2/3) is set for controller

» Pitfall 7 Expandability: Hook up unused address lines

» Pitfall 8 Incorrect Topology: Insure use of JEDEC routing topologies

» Pitfall 9 Separate VDDQ/VDDIO : VDDQ and VDDIO are common
on DDR DIMM Modules, not on controller.
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Presenter
Presentation Notes
Pitfall 1 where to measure, Decoupling cap on DIMM


Design Pitfalls Summary (Continued)

» Pitfall 10 Slew Rate: Must account for de-rated slew rate for system
timing (See JEDEC Table)

» Pitfall 11 Testability: Insure there is test and measurement access to
DDR signals

» Some other noteworthy pitfalls

- Not using ECC
= Highly Recommended for first prototypes. De-pop for production
- Missing pull-up on MAPAR_ERR (registered DIMMs) and MAPAR_OUT
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@k Pitfall 1 — Noisy VREF

& voltage
VDD

Vs 8C=-Noise

VReNDC)max

D e T B e e e T 1 A e G e oo i s 8 WA
Y RefiDCIMIN
Y
VeSS
limg

Figure 80 — lNlustration of Vge#pg) tolerance and Vg ac-noise limits

« VRef(t) may temporarily deviate from VRef(DC) by no more than +/- 1% VDD
« VRef(DC) is the linear average of VRef(t) over a very long penod of ime (e.g. 1

sec)
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Presenter
Presentation Notes
Both VrefDQ and VrefCA should track VDDQ and VDD
Tolerance is +/- 1% of supply for Vref(DC)
As a rule of thumb Vref(DC) may include frequency content up to 20MHz
Additional +/- 1% of supply for Vref(AC) around the Vref(DC) Value
As a rule of thumb Vref(AC) may include frequency content > 20MHz
Source JEDEC
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Pitfall 1 — Measuring Vgegre

» Measuring at device will likely give greater than 50 mV peak-to-peak
- Result of coupled noise from DDR device

» Vzer System noise should be measured at capacitor nearest the
memory device

Viger at , v\ 6n
Decoupling cap dR
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Pitfall 1 — Protecting VREF

VREF
18. Has Vppp been routed with a wide trace? (Mmmimmm of 20-25 mul recommended.)
19. Has Ve been isolated from noisy aggressors? In addition. maintain at least a 2025 mil clearance from Vggp
to other traces. If possible, 1solate Vpgr with adjacent ground traces.
20. Has Vpgp been proper decoupled? Specifically, decouple the source and each destination pin with 0.1uf caps.
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Pitfall 2 — Wimpy Vg source

» Ve Ccurrent consumption is typically 1.5-2.0 mA
» For most DDR regulators.... this is easily handled

VRer V8. Irer

Wope = 1.25V
.
DApF
Voo = 2.5V o———qy Vs I

V=25V AV Vser;se - VREF (V) 0.75

PV, Vir V=125V
= GHD *

S0uF 220uF
T —<— T

5 -4 -3 2 -1 0 1 2 3 4 5

Irer (UA)

2 7

L 4
Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, C-Ware, mobileGT, PowerQUICC, StarCore, and Symphony are trademarks of Freescale Semiconductor, Inc., & L
Reg. U.S. Pat. & Tm. Off. BeeKit, BeeStack, CoreNet, the Energy Efficient Solutions logo, Flexis, MXC, Platform in a Package, Processor Expert, QorlQ, QUICC Engine, SMARTMOS, TurboLink P rees‘ a e ™
and VortiQa are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. © 2010 Freescale Semiconductor, Inc. 62 semiconductor



H

» Contiguous reference plane O Gnd stitching via

» Use stitching vias if switching layers O

Pitfall 3 — Reference Plane discontinuities

» Keep away from plane voids

» Avoid crossing plane splits _

<— Long Trace Routes —» I
» Avoid trace over anti-pad — Y
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Presenter
Presentation Notes
Return path discontinuities include such things as holes or splits in the reference planes that could divert the return current path. High-speed return current wants to flow directly under the signal line but cannot when the plane has a split or a slot.

Avoid return path discontinuities if at all possible—even if it requires
more time to design and route the board.




Pitfall 4 — Data Tuning

=]

Within byte lane +/- 10mil

-
0el f = I !

Across all byte lanes
match to within 0.5
inches

ey
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Presenter
Presentation Notes
The example above assume DDR3-800 
Byte lane tuning requirement
2500 ps (period for 800 Mhz… clock rate=400 Mhz)
  600 ps (~ 25 percent eaten up by Write-leveling window requirement…  as it    
                requires the transaction to be within a 75% window)
  700 ps ( slop from the controllers ACs – across all byte lanes)
1000 ps (…due to fly-by length differences… first chip to last)
-----------
    200 ps left over for board designer (…which is ~ 1 inch)


T
Pitfall 5 — Forgetting Termination

(O
P

Command, addrass, coninsl, and clock Hne Emminat ke

CEED, A0-412,
RASE, CAGE, WES, -

C30#, OOTO, BAD-BAZ
A1xA14

CKa DOk
Chas sORAM

COR3
sORAM

Still needed for soldered-down implementations.

DIMM modules have the termination on the module.

2 7
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- Pitfall 6 — POR config selection

Table 4-18. DDR DRAM Type

Functional Reset Configuration Value Meanin
Signal Name (Binary) g
TSEC2_TXD[1] cfg_dram_type 0 DDR2
1.8V, CKE low at reset
Default (1) 1 DDR3
1.5V, CKE low at reset (default)

Above example assumes 8572. Other
devices may utilize a different functional
pin for the POR setting
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Pitfall 7 — Expandability

Signal Pin Signal Type Function
Name Nomenclature
Al3 NC No connection to internal die. Used on x4/x8 512 Mb and 1 Gb devices
Okay to run trace to PCB pad. and all configurations of the 2 Gb or 4Gb.
Al4 NC No connection to internal die. Used on x4/x8 2 Gb devices and all 4 Gb
Okay to run trace to PCB pad. configurations.
Al5 NC No connection to internal die. Used on 4 Gb (x4/x8).
Okay to run trace to PCB pad.
BA2 NC No connection to internal die. Used on all configurations of the 1 Gb,
Okay to run trace to PCB pad. 2 Gb, and 4 Gb.

Rule of thumb:

For DDR3 - Every address (A0-A15), and all three bank address (BAO-BA2) line from our
controllers should be connected to the memory subsystem.
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Pitfall 8 — Not using proven JEDEC topologies

|spran]  [spram]  [sbram]  [spraM]|
Voo
Edze ~
Fingers TL2 [ﬁ ﬁj %Rl'l l("l T
CK "
:I ‘: TLOR TLI TL3 TL4 TLS TL& TL7
TK D—D——@—D—v—ﬁ—hﬂ:—'—'@—o—@—'m—‘ %
"< Differential R
Pair Routing
lsoram| [spran| |spram| [spRaw]
Fdee V11
= il
Fingers 2 —» Rt
CTRL
TLOA  TLOR TLI TL3 TL4 TLS TLG L7
Edge
Fingers
popm 8 }—ww—F F—=—8 >—e—f }—{ spram
TLOA Rs TLOB TLI1 TL2
Edge
Fingers
DOS CO—48 y—wvw—8 F—»—48 +—e—+{f
TLOA Rs TLOB TL1 TL2 SDRAM
DGos O0—4a yY—vww—8 F—o—43 +—o—4f
TLOA Rs TLOB TLI1 TL2
Differential
Pair Routing
L
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Pitfall 9 — Separate VDDQ/VDDIO

PowerQUICC®
Controller

VDD
(ddr pwr)

VDDQ
(io pwr)

E:

Separate planes are not
viable with standard

JEDEC DIMM memory VDDQ & VDDIO are same
modules plane on the modules

L
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Presenter
Presentation Notes
Though two separate power rails exist for the memory chips…. Almost all memory vendors tie VDDQ and VDD to a single power rail on the module
So powering the DRAM’s I/O independently of the DRAM core is really fruitless.
Freescale development systems use a single plane
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Pitfall 10— Slew Rate De-rating (setup & hold)

(=)
4

g |

Worst case aperture ORAM n
tWAC DRAM n + 1
Table 47 — Derating values for DDR2-667, DDR2-800
— ]
AtlS amd AtlH Derating Values for DDR2-687, DDR2-200
/\ CK.CK Differential Slew Rate
V’H.AG 2.0 Vins 1.5 Vins 1.0 Vns
‘ VIH,DC ans AtH ARIS atlH ats AtlH units Notes
__,_,-{/ 4.0 +150 +34 +180 +124 +210 +154 ps 1
! VrEf 35 +143 +83 +73 +119 +203 +149
""f\ ,-"r y ps 1
"|,. + ".‘.I'ILDC 20 +122 +23 +462 +142 +1032 +143 p= 1
'I,‘,I'IL AC 25 +120 +75 +150 +105 +180 +135 ps 1
3 2.0 +100 +45 +130 +T5 +180 +105 ps 1
1.5 +67 +21 +87 +51 +127 +B81 ps 1
I 1.0 [} I} +30 +20 +50 +60 Ps 1
/ > Com- 0.3 -3 -14 25 +16 +35 +di ps 1
tIS DS HiH/ tDH mand/Ad- (0.8 A3 T 7 A +a7 23 s 1
dress Slew
rate o7 -22 -54 +B -24 +38 +6 ps 1
; " (Vins) ne EY] 81 1 53 426 23 ps 1
Tangent line slew rate for de-rating

& . 0.5 -60 -125 =30 45 0 -85 ps 1
Correct valid eye tme wrt to voltage margin 01 5 —5 =5 —= - =5 o T
0.2 -168 -202 -138 -2682 -108 -232 =5 1
= At - At 025 200 -375 170 345 140 315 ps 1
0.z -325 000 -235 -AT0 -26% -140 ps 1
0.15 =517 -T08 -487 -578 -457 -G48 ps 1
01 -1000 -1125 -870 -1095 -540 1065 ps 1

WiH A e e e ——
Source: JEDEC 79-2C

VREF —— — ——

Source: Xcell Journal
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Presenter
Presentation Notes
A challenging aspect of any DDR2 design is meeting the setup and hold time requirements of the receivers. This is especially true for the address bus, which tends to have significantly heavier loading conditions than the data bus, resulting in fairly slow edge rates. These slower edge rates can consume a fairly large portion of your timing budget, preventing you from meeting your setup and hold time requirements.
To enable you to meet the setup and hold requirements on address and data buses, DDR2’s developers implemented a fairly advanced and relatively new timing concept to improve timing on the interface:“signal slew rate derating.” Slew rate derating provides you with a more accurate picture of system-level timing on the DDR2interface by taking into account the basic physics of the transistors at the receiver.
For DDR2, when any memory vendor defines the setup and hold times for their component, they use an input signal that has a 1.0V/ns input slew rate. What if the signals in your design have faster or slower slew rates than 1.0V/ns? Does it make sense to still meet that same setup and hold requirement defined at 1.0V/ns? Not really. This disparity drove the need for slew rate derating on the
signals specific to your design. To clearly understand slew rate derating,let’s consider how a transistor works. It takes a certain amount of charge to build up at the gate of the transistor before it switches high or low. Consider the 1.0V/ns slew rate input waveform between the switching region, Vref to Vin(h/l)AC, used to define the setup and hold times. You can define a charge area under this 1.0V/ns curve that would be equivalent to the charge it takes to cause the transistor to switch. If you have a signal that has a slew rate faster than 1.0V/ns, say 2.0V/ns, it transitions through the switching region much faster and effectively improves your timing margin. You’ve added some amount of timing margin into your system, but that was with the assumption of using the standard dard setup and hold times defined at
1.0V/ns. In reality, you haven’t allowed enough time for the transistor to reach the charge potential necessary to switch, so
there is some uncertainty that is not being accounted for in your system timing budget. To guarantee that your receiver has enough charge built up to switch, you have to allow more time to pass so that sufficient charge can accumulate at the gate.
Once the signal has reached a charge area equivalent to the 1.0V/ns curve between the switching regions, you can
safely say that you have a valid received signal. You must now look at the time difference between reaching the VinAC
switching threshold and the amount of time it took for the 2.0V/ns to reach an equivalent charge area, and then add that
time difference into your timing budget, as shown in Figure 5. Conversely, if you consider a much slower slew rate, such as 0.1V/ns, it would take a very long time to reach the switching threshold. You may never meet the setup and hold requirements in your timing budget with that slow of a slew rate through the transition region. This could cause you to overly constrain the design of your system, or potentially limit the configuration and operating speed that you can reliably support. But again, if you consider the charge potential at the gate with this slow slew rate, you would be able tosubtract some time out of your budget (as much as 1.42 ns under certain conditions) because the signal reached an equivalent
charge area earlier than when it crossed the VinAC threshold.
To assist you in meeting these timing goals, the memory vendors took this slew rate information into account and have
constructed a derating table included in the DDR2 JEDEC specification (JESD79-2B on www.jedec.com). By using signal derating, you are now considering how the transistors at the receiver respond to charge building at their gates in your timing budgets. Although this adds a level of complexity to your analysis, it gives you more flexibility in meeting your timing goals,
while also providing you with higher visibility into the actual timing of your system.
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