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Memory Trends
CPU/Memory Speed Trends

3 Ghz

2 Ghz

1 Ghz

CPU Speed Trend

750 Mhz

500 Mhz

Memory Speed Trend

89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07

Timeframe

250 Mhz

*Courtesy of Hynix Semiconductor
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DDR Overview

m Double Data Rate (DDR) Memory

— Data is “clocked” in on both the rising and
falling edge of the synchronous strobe signal

m Source-synchronous interface
— Clock (Strobe) is routed along
the same path as the data
— Data/Strobe signals are bi-directional

— Each data group has a corresponding
strobe to minimize skew (data groups are
4, 8, or 16 bits wide) and optimize timing

* raphlg"




DDR Technology

Series
Resistor

s DDR Operating Speeds

VTT Pull-up
Resistors

_ DDR200 (100 MHz clock)

DIMM Slot 1
DIMM Slot 2

— DDR266 (133 MHz clock)

— DDR333 (166.67 MHz clock)

_ DDRA400 (200 MHz clock)
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DDR Bandwidth

= Improved bandwidth over Single Data Rate (SDR) memory
— Same clock speed gives 2X the bandwidth

Memory Bandwidth (Single Channel)

SDR - SDRAM DDR - SDRAM
PC100 PC133 | DDR200 | DDR266 | DDR333 | DDR400
800 MB/s | 1.1 GB/s |16 GB/s | 2.1 GBI/s 2.7 GB/s | 3.2 GB/s




DDR Termination

s Termination
— Requires series

Series
Resistor

termination LN
m Series terminator % % E
on DIMMs g
m Series terminator
on your PCB

— Pull-up termation to Vit

Series
Resistor

Gold Finger Connector
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DDR DIMM Technology  JEDEe

x DIMMS come in many configurations

— x4, x8, x16 SDRAM devices
— 1 or 2 Physical Memory Banks
— Registered or Unbuffered Address/CMD signals
— Non-parity (x64 bits) or ECC (x72 bits)
s Tend to have the same routing even if from different
vendors
— Many manufacturers share DIMM Iayout data
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DDR Unbuffered DIMMs

m Address signals - Unbuffered J:D-"
— Data/Strobe

— Address/Control

HyperLynx_ngh SPEEUSECENYESTYITVEIRSHO P a--""?' ﬁ;



DDR Registered DIMMSs

_ _ N N
m Address signals - Registered J:D:b
— Data/Strobe
L o]

— Address/Control




DDR Electrical Characteristics

— DDR uses SSTL._2 buffer technology

m 2.5V technology

m Class I drivers for point to
point connection — Half drive strength

m Class Il drivers for multi-drop
connection — Full drive strength

Vrefllllllllllll EEEEEEEEN

— Some important voltages to remember

m Vref=1.25V
— Used for setting up timing thresholds (Vih and Vil)
— Must be kept stable

= Vih =1.56V Nominal
— Vref + 0.31 - Logic high threshold

= Vil =0.97V Nominal
— Vref-0.31 - Logic low threshold




DDR Timing Characteristics

ullUp
\1“?25\-"

— Flight time measurements into a JEDEC test load

= 30 pF to Ground
= 50 ohm pull-up to Vref (nominally 1.25V)

R¥

testload.dgs a0.0 ohms

— Some important timing parameters s e
needed for timing equations
Setup time parameters = Hold time parameters
— Tck = Clock cycle time — Tck = Clock cycle time
— Tipw =DQ and DM pulse width — Tipw = DQ and DM pulse width
— Tdipw = Address Control pulse width — Tdipw = Address Control pulse width
— Tdgsh/l = DQS high/low pulse width — Tdgsh/l = DQS high/low pulse width
— Tds =DQ and DM setup time to DQS — Tdh =DQ and DM hold time to DQS
— Tdgsq = DQS setup skew from — Tdghg = DQS hold skew between associated
associated DQ/DM signals DQ/DM signals
— Tdss = Falling edge DQS to CLK setup time — Tdsh = Falling edge DQS hold time from CLK

— Tis = Address/CMD setup time to CLK _  Tih = Address/CMD hold time to CLK




DDR Impedance Characteristics

— Recommended impedance of 60 ohms

m Best to simulate with different impedance
values to determine the best solution




DDR2 Technology

s DDR2 Operating Speeds
— DDR2-400 (200 MHz clock)
— DDR2-533 (266 MHz clock)
— DDR2-667 (333 MHz clock)
— DDR2-800 (400 MHz clock)

m Source-Synchronous
Interface like original DDR

* raphlg"




DDR2 Bandwidth

= Not necessarily improved bandwidth over DDR

— Original DDR2 has higher latency than
DDR reducing effective bandwidth.

— New lower latency DDR2 memory
modules are improving this gap

Memory Bandwidth (Single Channel)

DDR DDR2

DDR333 | DDR400 | DDR2- | DDR2- DDR2- | DDR2-
400 533 667 800

2.7GB/s |3.2GB/s |3.2GB/s |4.266 GB/s | 5.33 GB/s | 6.4 GB/s




DDR2 On Die Termination

m ODT - On Die Termination

— Built into the controller <\ Output
Driver
and SDRAM ) VooQ
- - - DQ Pins
— Offers multiple termination 2R

values for different configurations 2RTT
m 50 Ohm, 75 Ohm, 150 Ohm VssQ

I—

— Turns on or off depending
on Read/Write cycle

* Courtesy of Micron




DDR2 On Die Termination

= How ODT works — Example of a 2 module system

— Write operation

Active Module Standby Module
VopQ

m ODT off at Controller e
= DIMM receiving data has e % v

ODT of 150 Ohms ] |

= DIMM not receiving data
has ODT of 75 Ohms Two Modules o mndbmo:;::

Populated

— Read operation Frstem conully ?‘@ -
= ODT off at driving DIMM . . |

= ODT 150 Ohms at Controller =
s DIMM not driving has ODT of 75 Ohms

* Courtesy of Micron




DDR2 DIMM Technology  JEDE¢

s Same as DDR, DIMMs come in many configurations

x4, x8, x16 SDRAM devices

1, 2 or 4 Rank (or Bank) DIMMSs

Registered or Unbuffered Address/CMD signals
Non-ECC (x64 bits) or ECC (x72 bits)

Parity or no Parity for Address signals

Stacked or un-Stacked components

= DIMM layout is controlled by JEDEC

Many manufacturers shared responsibility of creating the DIMM
layout data
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DDR2 Unbuffered DIMMs
— Data/Strobe JE DEC

TL2

: —1 SDRAMPm

TLO Rl TL1
DIVM Y A — €
Connector S ey —
TL2 TL6
11 SDRAM Pin Testpomt at the extreme right DRAM — J {3 SDRAM Pin

X Test points are available for RAS, CAS, WE,
here is an

On pre-production modules, for DQS0, DQS0, DQS7, and D AQand A5

opening in the solder mask 10mm from SDRAM pia

— ODT control

TL TLY

Testpeint at the extreme right DRAM o £ i-_::—'i—‘; {7 SDRAM P
—u[ ] TLS

— L+ SDEAM Pm

=(]
24 pF L =

]
1 e

5.1 Ohm

Test podnt at this VIA

ik DIMM
i Connector

T -
!

o TL6
e, petie By —— [ SDRAN Pin
Comnector . o [ e {ECC)

TL:
( T!

L6
| SDRAM Pin
TL3
TL6
SDFEAM Pin

[

‘|
l

!

] TLS
P TLS
41—4\_ A-| SDRAM Pin j TL6
= —_— -
m| | . [J]—( SDRAM Pin
= T+ SDRAM Fus TLS
=3 e
Testpoint at the extreme right DRAM ——— ‘—( ' SDRAM Pin

Testpoms at the extreme left DEAM ———p o——

enior
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DDR2 Registered DIMMSs

TW  22ghmsts% L 2
DMM o o |cDRamPR
Connedtor ———— ) -~ T

Faw Carg O Test Painis on sjub resh
far DG{B3:0), CA[7.0], DAS[I7.C]

\ 2
Raw Card E Tes: Points on trace, fram & mem o & mm Ienglh fram SORAM pin for CB[1,2.4. n 3 g i
DO[2.3,7,6,12,13,17-15,21-16.24/7528, 59, 34,35,35.30,42,13 £5:45 57-50,5 :s-mu.ee.bcs[l:zs.g.12.13.1u'.1‘ﬂ—{—i ) e
Faw Card 5, G Test Points on Irace, from 4 mm |o 12 mm length fram SCRAM pin
for D0, 2.6.7,8,9,11.15,16,17,13,20.21.23, 24,28 77,7822 34,35 36 30,43 47, 43,51 52,55 56 57,59 £, 51,63] DQs(a,4) TES[3.4] and DW[3.8]

— ODT Control

For i and ]
testpoint from 3.8 mm o 5.5 mm branched from pin TL;
at the extrame left. front face SORAM (DO) on Raw Card B, G ZORAM Sin

s

g TLE
—
s | ]
e

TLS []
Ta
;—r.[=0=Am Pin
Raw Card B, G testpaint on frace e f=
Tor S[4:0) ang OOT1A]~—.__ e )
L

T8
]

22 onme
T #BR TL
DIMM Connector (&

Ragate

.' TL2
T[1:0] is connected

to twio registers —
{Raw Card B, 5) — [ - TLe [S0RAMEIn
L4

7 ] ]
l—‘I}- SORAM Fin
- TE

TLE L

TLE _]
]
ma
TLT
b B

waic = {zmen]

Int from 4.5 mm 22 5.4 mm branched from pin _LB‘
at the auxtrame fgnt, font face SORAM [07) on Raw Card B, G

[Ragater

T Y F Y
JEDCU
— Address/Control

For A0, A4, 50 and 0OTD
tesipaint fram 2.5 mim 1o 5.5 mm branched from pin

TL8

a the exirems 62, front face SORAM (D) on Raw Cand 8, C, G, H —
TLE

N |
TE TLE

—

2 ]

Raw Card B & testpaint an trace T I]<:
LS ”

T8
K
for A0 1,5,4,3,10,11], BA[1 10 FAS, TAE and WE s
Raw Card C.H testpoint on frace _ —L
for AfD, 7-4,11:9,13], BA[1:0], S0, RAE, TAB, WE ,CKED and ODTD

' ~ll i
TLE

i)

22 onmE
T 5%
DM Comnecior — T

Regiater

1
p
o
e

B
T0 is chnns

to two registers
(Raw Card C.H)

For A1, A3, A10, BAl ang CKED T
{EEtPaINt fram 4.5 mm 10 5.4 MM Dranched mom pin
al the exireme right, front face SDRAM (D7) on Raw Card B, C, G, H — .




DDR2 Electrical Characteristics

— DDRZ2 uses SSTL18 buffer technology

m 1.8V technology

m Class I drivers for point to
point connection — Half drive strength Vih a0 o o — —_ -

m Class Il drivers for multi-drop Vih dC mem = mem
connection — Full drive strength Vief snusnnnnnns

VildComs = wem =

— Some important voltages to remember VIlac m= == ——
= Vref =900 mV

— Used for setting up switching thresholds (Vih and Vil)
= Vih/Vil AC Thresholds

— =Vref +/- 250 mV for DDR2-400 & 533

— =Vref +/- 200 mV for DDR2-667 & 800
= Vih/Vil DC Thresholds

— =Vref +/- 125 mV for all DDR2




DDR2 Timing Characteristics

— Flight time measurements into a JEDEC test load e
= 25 ohm pull-up to Vtt (nominally 900 mV) Ri
— Some important timing parameters

needed for timing equations

FF&86
SORAM_DGS[1]

m  Setup time parameters s Hold time parameters
— Tck = Clock cycle time — Tck = Clock cycle time
— Tipw = DQ and DM pulse width — Tipw =DQ and DM pulse width
— Tdipw = Address Control pulse width — Tdipw = Address Control pulse width
— Tdagsh/l = DQS high/low pulse width — Tdgsh/l = DQS high/low pulse width
— Tds=DQ and DM setup time to DQS — Tdh =DQ and DM hold time to DQS
— Tdgsq = DQS setup skew from — Tdghq = DQS hold skew between associated
associated DQ/DM signals DQ/DM signals
— Tdss = Falling edge DQS to CLK setup time — Tdsh = Falling edge DQS hold time from CLK

— Tis = Address/CMD setup time to CLK —  Tih = Address/CMD hold time to CLK




DDR2 Timing Characteristics

m Signal derating required to meet setup and hold times

— Find nominal slew rate
= Setup s Hold

Vobg T ] e e S —
ViH ac) min VIH[ gmn - ————|—————— ———— =
VREF to ac
region
. Ve Min-
ViHggmin b — — — L |
nominal dc to Vrer :
slew rate region nominal
y
v = —— ¢ A .
e nominal slew LTS \
nominal
rate dc ¥ Vrer
reghn
Viggmax |- o+ W —f~ — — — — - —— — — —— — — — — -
VREF to ac ViL(de) Max -
region
V”_r max
5 Vitagmax - —— =8~~~/ 1~ ]~~~ "]
VSS_-____ _______ _—— e — —_— —_— —_——_— —_— —_— —_—— =
VSS ___________ — — 4 — — — — —_ — — —_ — —




DDR2 Timing Characteristics

m Setup = Hold
— If any of the signal falls to — If any of the signal falls to
the right of the nominal slew the left of the nominal slew
rate in the switching region, rate in the switching region,
signal must be derated signal must be derated
VDDO ______________'_I _______ - VDDO ________________________
line
ViHjac) min \g ViHag min - — — — —|— — —— — — T T - ~ Inominal’
Vger to ac line
v _ | region . /
R B Y 4 A Y ViH(de) Min '
~u_fangent dc to Vger
line region talr;gsnt
VREF(de) e e ————— === ===== = VREF(do)
| tangent \ dc to Veer tan_gent/'.
region fine no_minal
Viaey Max | = 1= W\ = = DR I _V_ _to_a; I ViL(ac) Max ine
REggion
ViLac) Max | Viaggmax - — —— g ———*~ -—— — — — — — —1 -4+ —
L
Delta TR
Ves - — - = —— - Vs - S I

'. : I Snlgr'_—-"’: by ligbeS gk BGEL Doy oo ___;%"7 '




DDR2 Timing Characteristics

= Setup slew rate measurement

— Rising Edge
m Last crossing of Vref + DC Guard-band
to first crossing of Vih-ac

Vih aC eem = - e s .

Vihdc—l—l—l—l-

— Falling Edge T AN

= Last crossing of Vref — DC Guard-band Gf:fba"d

to first crossing of Vil-ac G TTTTY S A

= Hold slew rate measurement W A
— Rising Edge

Vil aC wmm - A S s .

m First crossing of Vil-dc to the
first crossing of Vref — AC Guard-band
— Falling Edge

m First crossing of Vih-dc to the
first crossing of Vref + AC Guard-band




DDR2 Timing Characteristics

m Derate or Prorate setup and hold times based on slew
rate information

Table 45 — Derating values for DDR2-400, DDR2-533.

1S, tiH Derating Values for DDR2-400, DDR2-533
CK,CK Differential Slew Rate
2.0 Vins 1.5 Vins 1.0 Vins
AtlS AtiH AUS AtiH AtlS AtiH Units Notes
4.0 +187 +94 +217 +124 +247 +154 ps 1
35 +179 +89 +209 +119 +239 +149 ps 1
3.0 +167 +83 +197 113 +227 +143 ps 1
25 +150 +75 +180 +105 +210 +135 ps 1
20 +125 +45 +155 +75 +185 +105 ps 1
15 +83 +21 113 +51 +143 +81 ps 1
10 0 0 +30 +30 +60 80 ps 1
com- 09 -1 14 +19 +16 +49 +46 ps 1
mand/Ad- |08 -25 31 +5 -1 +35 +29 ps 1
dress Slew
rate 0.7 -43 -54 13 24 17 +6 ps 1
(Vins) 0.6 67 83 37 53 7 23 ps 1
05 -110 125 -80 -95 -50 -65 ps 1
0.4 175 188 145 -158 115 -128 ps 1
0.3 -285 -292 -256 -262 -225 -232 ps 1
0.25 -350 375 320 -345 -290 315 ps 1
0.2 -525 -500 495 -470 465 -440 ps 1
0.15 -800 708 770 678 740 -648 ps 1
0.1 -1450 1125 1420 1095 -1390 -1065 ps 1




DDR2 Timing Characteristics

s Why Derating?

— Consider the area under the curve — Charge Model concept




DDR2 Impedance Characteristics

— Recommended impedance of 50 ohms
= 10 ohms lower than DDR

= Simulate with different impedance

values to determine the best solution
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DDR/DDR2 Design Challenges
Reflections and Skew

m Reflections seen on m  SKkew between DQ bits
signal edges consuming timing budget
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DDR/DDR2 Design Challenges
Address timing

= Very little timing budget for Address/Control
signals under heavily loaded conditions




DDR/DDR2 Design Challenges
Crosstalk

m Crosstalk on Strobe Signals
— Often seen as “glitches” on the strobe edges
— Can cause double clocking

Snlg:w— ' VPWMQh—Speed_P_CB DESTOWEYRSIION ""‘ﬁ:ﬁ."- '. Vb~
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DDR/DDR2 Design Challenges
Power Plane Stability

s Vrefand VDD Stability

— SSO can cause fluctuations in
Vref due to inadequate decoupling

m Causes the Vref level to shift which changes the Vih and Vil

switching thresholds

VDD

.

DIMM Slot 2

= mim m

DIMM Slot 1
VTT Pull-up Resistors
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DDR Design Guidelines

s  What results are important

— We need to constrain 4 critical lengths
1. Net length from the controller to the 15t DIMM slot
2. Net length between DIMM slots

3. Net length from last
slot to the Termination

4. All DQS/DQ groups
should be length
matched to minimize
skew within the group
and across the channel

DIMM Slot 1
DIMM Slot 2




DDR Design Guidelines

s What results are important

— #1 This length is typically between 2” and 6” but
dependant on the controller used and how many
DIMMs are supported in a channel

— Keep the series terminator as close as possible to
the controller - typically within 1

m This length counts as part of the
overall constraint for length #1

DIMM Slot 1




DDR Design Guidelines

= What results are important

— #2 This length is typically
between 400 mils to 1.2”

— Wider = Better airflow = Improved Thermals

— But too wide can
produce poor signal
guality (SI)

DIMM Slot
DIMM Slot




DDR Design Guidelines

s  What results are important

— #3 This length does not have to be as tightly
constrained as the other lengths since it only
goes to a termination
= No timing importance here

— Typical constraint is from
500 mils to 2™

DIMM Slot




DDR Design Guidelines

What results are important

#4 This constraint is very critical.
A data group (DQ) has an associated strobe (DQS);

This group should be length matched to each other with
minimum skew

Typical constraints are about 50 mils within the group
m Try to spread this out across the channel
m +/- 25 mils for length #1
s +/- 15 mils for length #2
s +/- 15 mils for length #3

= Helps to minimize skew
between the DIMMs

DIMM Slot 1
DIMM Slot 2




DDR Design Guidelines

s Spacing Recommendations
— Varies depending on stackup

— Typically rules of thumb say 3H spacing
m For a 6 mil dielectric this would be 18 mils

m For signals coupled closely to reference planes, often
1.5H can be used




DDR Design Guidelines

s Terminations
— Use discrete components for DQS lines

— R-packs typically have poor isolation
m Causes Crosstalk problems on strobes

I




DDR2 Design Guidelines

s  What results are important

— We need to constrain 4 critical lengths
1. Net length from the controller to the 15t DIMM slot
2. Net length between DIMM slots

3. Net length from last
slot to the pull-up termination
(only Address/Command)

4. All DQS/DQ groups
should be length
matched to minimize
skew within the group
and across the channel

DIMM Slot 1
DIMM Slot 2




DDR2 Design Guidelines

s What results are important

— #1 This length from the — #2 The length
controller to the first DIMM between the DIMMs
is typically between 1.9” and Is typically around

4 5” 425 mils

—
o
%)
=
=
(@]

DIMM Slot
DIMM Slot




DDR2 Design Guidelines

s  What results are important

— #3 The length from the last DIMM to the pull-
up resistors is typically 200 mils to 550 mils

= Only applies to the Address and Command nets —
Data nets use ODT

= No timing importance here

s}
%)
=
=
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DDR2 Design Guidelines

s What results are important
— #4 This constraint is very critical.
— Adata group (DQ) has an associated strobe (DQS);

— This group should be length matched to each other with
minimum skew

— Typical constraints are about 50 mils within the group
m Try to spread this out across the channel
s +/- 30 mils for length #1
m +/- 20 mils for length #2

s Overall skew between byte
lanes should be +/- 500 mils

m  Skew between address nets
should be +/- 200 mils

DIMM Slot 1
DIMM Slot 2




DDR2 Design Guidelines

s Spacing Recommendations
— Varies depending on stackup

— Typically rules of thumb say 3H spacing
m For a5 mil dielectric this would be 15 mils

m For signals coupled closely to reference planes, often
1.5H can be used or ~8 mils
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DDR Feature Comparison

DDR

DDR?2

DDR3

Data Rate

200 - 400 Mbps

400 — 800 Mbps

800 — 1600 Mbps

System support

4 slots — 8 loads

2 slots — 4 loads

2 slots — 4 loads
1600 Mbps =1 slot

Signaling SSTL 2 SSTL 18 SSTL_15

Technology

DQS signals Bi-directional Bi-directional single | Bi-directional
single ended or differential differential

ODT No Yes Yes

Signal leveling | No No Yes




DDR Market Trends

100% 250%
90%
80% 200%
70% . |
mm DDR4
o 150% |y DDR3
50% = DDR?2
40% 100% ™= DDR
| —— Premium |
30% L R el
20% 50%
10%
0% 0%

2[][]3 2009 2010 2011 2012

DDR2 to DDR3 Crossover Source: Micron Marketing

2007 2008 2009 PACRRY
DDR 14% 3% 2% 1%
DDR2 83% /8% 64% 33%
DDR3 3% 19% 34% 60%

HypelLynx_ngh SPEEUNPEENYESION Wonkshop




DDR3 Market Trends

s Main growth in the 512 Mb
and 1Gb memory modules

— Early adopters starting with 256 Mb modules

100%
90%
80%
70% 1
60% 4
50% -

40%.
30%

20% -

005 2006 2007 2008 ; 2009 2010 2011 i 2012
512Mb to 1Ghb price parity

Fprals 1Gb to 2Gb price parity 2H11

10%

0%
2

Source: Micron Marketing

04 Gh
m2Gh
@1 Gh
m 512 Mb
0O 256 Mb
0128 Mb
m 64 Mb
m16 Mb




DDR3 Performance

s DDR3 has a peak transfer
rate of 1600 MT/s

— 800 MHz clocks

— Provides a 2X bandwidth
increase over DDR2

— Maximum bus bandwidth
of 12,800 MT/s

m 4 operating speeds for DDR3
— 800 MT/s
— 1067 MT/s
— 1333 MT]/s
— 1600 MT/s

C = N W A U1 OO N 00

3200

y

8
¢

358

ODDR2Z2 BDDR3

12800




Lower Power

s Supply voltage reduced from 1.8V to 1.5V
— 30% reduction in power supply voltage
s Higher impedance driver requires less current
— Driver impedance of 34 ohms vs. 18 ohms in DDR2

Power Relative to DDR2
Estimated

Source: Micron




DDR3 Architecture

m 800 MT/s - 1333 MT/s will support 2 DIMM slots

— Margins will be tight for
1333 MT/s on Read
operations

m 1600 MT/s only supports
1 DIMM slot

— Can not achieve reliable
data transfer with 2 slots

- Can we achieve 1066Mbps performance?

Slotl Slot2

64.9%

Slotl . Slot2




Fly-by Architecture

m Address, Control, and Clocks use Fly-by architecture vs.
branch architecture for routing

— Daisy-chain topology for these signals
s Provides improved signal quality
— Reduces number of stubs and their length
s Requires write leveling to optimize timing
— Fly-by creates too much skew between clock and strobe

(L o o=
i i i [ — it P # ‘

Data and Strobe
(DQs, DQS/DQSH)

Command/Address

Controller

— \ 53 4
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Write Leveling

m  Write leveling adjusts the DQS to CK relationship by the
controller

— Uses a simple feedback provided by the DRAM
= Memory controller has an adjustable delay setting on DQS
— Used to align the rising edge of DQS with the clock at the DRAM pin

= DRAM asynchronously feeds back CK sampled with the rising
edge of DQS

m The controller repeatedly delays DQS until a transition from 0 to 1
IS detected and determines DQS delay

encek | L\ L1 LI [ LT [ LT |

Source

diff_DQs
Destination diff_CK !J‘J\ L L
diff_DQs

transition

DQ X 'l\‘ 0 X 0
Push DQS to capture 0-1




Termination

m On-Die Termination used for Data/Strobes
— Dynamic and controllable as in DDR2

s Address, Command, and Control signals no longer
require pull-up terminations on PCB

— Termination is on DIMM module
= 39 ohm pull-up termination
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Lead-in vs. Loaded routing

s Neck down traces on DIMM modules to
compensate for capacitive loads 70— | L
— Increases impedance on traces C

— 55 ohms on PCB and 60 ohms on module

DR3 U-DIMM RIC D Revl &

NMet Topology




Agenda

DDR Memory design
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Summary

s DDR and DDR2 designs

— Data/Strobe signals tend to be easier to route for Sl
s Want to minimize skew in the byte lanes

— Address/Control signals have most SI problems

= Due to loading conditions and branch topologies
— Signal always worst at the first DIMM module

s DDR3

— No real layout guidelines available yet since the
technology is still being developed
m EXxpect heavy adoption in 2009




Additional Technology Design kits

D D R Fle Edit View Favorites Tools Help | w
[ | @Back SR @ @ (h‘pSearCh *Favorltes A Media @| E/’i' :_;. v el g J%

Agdfess IQ http:ffwww, mentor . com hyperlyrx/customer fexamples/ j Go H & -

D D R 2 Google= | ﬂ| o searchweb ~ | §3 | B 161 blocked B auoril | B aptions 2
SUPPORTHET
| . . RESOURCES
m SATA oo HyberLynx Design Kits: v7.5 or o il R
Newer

Contact Support

search Supporthl

PRODUCTS SUPPORT TRAINING & SERVICES COMPANY

CONTACT US ORLEWIDE LOCATIINS

SUPPORTNET LOG ouT

Accusim/Continuum Community

e Download/ About 5 STAR Suppart
. I C I E X p r e SS fuoTherm Description ReadMe Emvironment suppart L

Board Station

DDR The HyperLyrx DOR technology kit DDR.zip All Dawnloads
Data Management enables hardware engineers to quickly 2,678 KB) All System Configurations
Design Capture develop a DOR memory subsystem Al Documentation

-
solution space, making tradeoffs between
Design /Board Architect ! ‘P m 4 " SRR
. termination, minimum and masximum
Design Flow #anagement

routing constraints, and DIMA loading in

EesGED order to meet the signal integrity and
Destiny FE timing requirements in the JEDEC DOR oot
SAS DxDesigner specification (www jedec.org). RESOURCES
. R D PCUPCIX | The Personal Computer Interface [PCland | PCI-X.zip Downloads
Expedition FCH PCI-X] represents the most prolific 1/0 (1,934 KB) System Configurations
Falcon Framework standard for the transfer of data between e i e
E b Ceom Gente a CPU and its peripherals i
. l I l e e [wwewy, peisig.corm), with comman
applications that include Videno, 5C5I, REENEES
170 Designer Fibre Channel, and Ethernet adaptors, as Design Kits
[[o4 well as Modems, and other bridge Self-Paced Learning

Library Management applications. With speeds ranging from oo Farums
[ e I I a' lS O I Suctom 1 51 tn 533 MiH7. PCI-X technalngy is nsed nat
[ [ | | neemner

5




HyperLynx Design Kits

http://www.mentor.com/hyperlynx/customer/examples/

Ble Edit Wiew Favorites

Tools

Help

Adiress I@ Rt ffwniia. mentor.com Ayperlynz foustomer fexamples

B H@‘

Googlev |

|
J@Back - o v E @ Cb‘pSearch ‘L"r\\?Favorites @Media @| B' i_; ] - |_J citi ﬁ é%
|
J

j| o Search web v | 3 | B9 161 blocked & Autorl | ®doptions 4

PRODUCTS  SUPPORT

CONTALCT US

SUPPORTNET

PCB SYSTEMS

AccusimfContinuum

Analog Designer

autoTherm

Board Station

HyperLynx Design Kits: v7.5 or
Newer

TRAINING & SERVICES

WORLCWIDE LOCATIONSG

Download/
escription ReadMe

COMPANY

Isearch Suppont =1

LOG ouT

SUPPORTHET
RESOURCES

Cpen Serwice Request

Contact Support

Community

About B STAR Support

Environment Support —

Libraty Management
Swestem 1A

applications. With speeds ranging from 66
tn 533 MHr. PCI-Y technnlnmy is nsed nnt

DDR The HyperLynx DOR technolagy kit OOR.zip All Downloads
Data Management enables hardware engineers to quickly (2,673 KB) Al System Configurations
Design Capture develop a DOR memory subsystem | BEEun R
Design/Board drchitect solution space, making tradeoffs between self-Paced Learning
Desian Flow Management termination, minimum and maximum
- routing constraints, and DIMAM loading in

EsEED order to meet the signal integrity and
Destiny RE timing requirerments in the JEDEC DDR ?JIPE(I:H(HX
DxDesigner specification [wumwnw.jedec.org). RESOURCES
P (DS PCIPCI-X | The Personal Computer Interface (PCl and | PCl-X.zip Dawricads
Expedition PCE PCI-X) represents the most prolific 1/0 (1,954 KB System Configurations
Falcon Framewnrk standard for the transfer of data between sl BremEmsiEn
Goom Gonio @ CPU and its peripherals E——

[wranir, peisig.com), with common

applications that include Videa, SC3I, b
170 Desigrier Fibre Channel, and Ethernet adaptors, as Diesign Kits
1CH weell as Moderns, and other bridge Self-Paced Learning

Forums LI
[ [ | |#mternet 4




Acknowledgments

s Special thanks to Micron for providing a majority
of the DDR3 content and DDR?2 routing guidelines

— Reference their DDR3 Advantages presentation
— WWw.micron.com
s Samsung Electronics

— Providing feature comparison and topology and
Impedance information for DDR3

— Www.samsung.com

61 g ~/

el o Sioss o BIGER Do O pls L) == )%



vien

Grap

www.mentor.com




