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1, 45 /A DDR 2.5V HLE 245 [ 383 10UF K AR HRAM FEH —/,

2,0. 1UF 5 1nF HLZAFNF2LHURE .

3,REF B BIRPRIUE R 98 B JER, BAEREFE R b o FRAEUR i o L2k

4,CLK fEJRuG P, JriEd s, 252 ram,CLK 2 [8] 75 7E 1C 2 0 i
FEHLFE (100-200) , AT 7E AL B 7,

5, DDR ) Fr B W % & I wwm UL B ( H & [H ) , DATA,
ADDRESS,CLK,DQS,DM,CLKE,WE,CS,RAS,CAS.

6,DQS DM CLK & ity H BH DA 250 A2 BRSNS FH HERH

7,DDR [T 4, N TR B, LR R, RIELL B R AL P |

1, H4tE CPUAL) DDR pin #& 77 R4, KA F BCE BEE = AR B pin & e
EHEEN. RAFEMPYLERTER Y, CLRIEFRANTH layout,

2, FTA 1) DDR & W R e E R ERNE, REHRMHFAERE, &I, XRERL
THREZEITILANE, HEAERL ., XEimif data 28 , CLKZE , DQSDM%:.
3,5 — 4 data 4 ,DQS,DM ZH MAGELE—AIXI, HZFEHIF K GND 2,

XL K ATREER— )2, HZZ8UGE. BTl Z iR EKE, TG
YINEXE. F5 RAMA MAXFERIZE.

4 DDR X $ LA 523 GND ‘PRS2, cost down KT, A& H%EE
power, ANEEPLIX A

5,DQS DM CLK 7E£Em 24w JE i,

6,DDR EE RIS 2R, (EMIEBEGND B%E L. FiE(E 5 B9 e ER.



7,DDR  JA i B 2 MR &t 5 b e G X !

— \ BN DDR B HF 58t

ik A3 ADDR(Double Data Rate, XUEHEi# F) ¥ it & & DDR R N 2 1 ¥t H B = 2 A i
ZOHIE . BEEIRA R RS A BERE ) BRkBk oK, SEILIM D REEkER 2, RSN TAEM
KR,  DDRE ARSI A IZE M M K133 MHz 12521200 MHz, MIMSZHL T 5 KK
RGm EAMEGFRMERE. AT, B m B AR AR [F] I 0 RS ARE VIR Y T B my K
X AR AR BB R BB AT R E LR T 2 LIRS B, MmN RARES TAEIER A
F 58 W B B B0 0 5t AR DDR S /0 A L B . AR ARG FIDDRNAE, ] DALIEAE S B
AR BCR NG F LS Bl Ar.

1DDR BZ4H)

XfT DDRWAFE, JEDEC @3V AR T —MEESIEE 5. XAMRHERRN “Ras$
PRk 48 #(StubSeries  Terminated Logic,SSTL)” . SSTL fef% cidt £ 4 18 1 = 26 A& Fan i)
B9 e 8N, XM Zum i th 8 B 287 b 7E mid AL T 5 5 O R AR 4 R

£ NIRRT, WERAEH] T A BRI EC B (Rs), AR A B N A I
DDR % il 88 (A7 B . R J7 VA BENS 7 20 12 1 48 R IL 5 5% A PR A [),  J8E S A7 2k 4 28 A0 K3
oSl s i ELA AR 7 Al a8 BN AE O B S 5 52 B, AN EAEARZ I
M5 5 5 B A SR 22 A A7 IR

I 3 1) SSTL A bty B 78 S — b 4 4 1 B 8 o R IR R o 7 &, W LR . XM T &
WA — A I i L B (Rg) M Z A R BN AE, BLR — AN IR IR 28 i fL BEL(RT) b 437 28] 24 B H
JE(VTT). XA 5EH 0T e B =k, B HATHIR AR B 7RG EIFE S
TR R G AENE, WEEMEH. Rs M RTHRMERKH T EEK RSN, RixHRHEN)E
i e HARHIE

W ah Vo | Bl
R,
—q "
Vi ¢—1

1 # &% DDR R&EEOME

2 AR DDRA L4 Hr



2.1 DDR K5 555 o) &

I 2 T AR I AT A R 2B RS T S B I . DDR KIS 5 2 A R I S 5 2T
fEigk, imfA Lk fL, B0 % 8 25 5 AN 2 BH Bt IR 2% 20 4 52 e 422 S 145 5 0 3
Mo FEALMAMT . IR AT, A2 M 7S DL B S B — S8 A R 3% [
FERZ W15 5 A% J I 1 A

DDRA [ S I =y BIAE 5 A%, SSTL a1 o 22 25 H i 2 (1 P S v P A AT A B8 7 2 5 1
POVRER) I 15, A FIXRE 80038 fo v SE /NI L RSB IR . D IS 5 RO SEAR I F TR
AU A ) SL i IA),  LKLVTTLAE IE B & B B R . B2 fT s 1 2 SSTL 32 E HL P o BT
I 4 LR TE R WS i I BRI T, TE RS AR SE I I R S i (L A S R LR AR N ) #4806 2
B, B I B T B A — AN S AR T R SN BT 9 I DCELIR S % R,
P WS A B0 102 4 P I BARFEX A HDIRS, REESAMMET IR B . Fik, SSTL
BRARG T2 ik v R AR R

Vo Q(2.3V Minimum)

Vo MIN)

1.560V — 1= — VW(AC)
1400V — — VyDO)
1300V —

1275V - V,u*AC Noise
R T e e <« VyytDC Error
1225V == - V,..~DC Error
1200V — “*= Vyr—AC Noise
L100V — s VDO)
0540V — — V.(AC)
Vu(MAX) V

2 SSTL $#EOEFE

2.2 ETHALEEHK DDR{ES A

DDR # il # GO FE#IL 13055, HFHREERNESHNERNFET RS, XEES
MRS 5 R DL AR ARG S, MR 1T Hod, B0 4 00 o 415 1% LA A 24T
WIERLN S, DMO. DQSOLL &DQO~DQ7 N1 1iliE, DMI. DQSIEL &DQ8~DQISHN 5 2
FAEE, SREE., BAFIEE NGRSO EITA S R HARE S K R IR A
HEALRBEATICAS, R WAS 5 KJEZENAZ M HIE — 2 BN . ARARES W ERAR
G NS5 IBFEZR ™, HARMEKEZFFEA — TR, BAAEERL2. 4775,



® 1 BFESHENSE

(EReE) 5 = R

INEEEEN CLK, CLK# ZA B E S
DQ B w2k J jj I 1;%:

BEH DM Bl B Jﬁ ﬁl
DQS KU i 3 rrnlkax .book118.com
ADD Hh bk a2 WSRO B, A LKEN
BA Bankif% £&

s

ﬂiz RAS A7 Hu ki

AL CAS B H - 58
WE 5 ifge
CKE B ik $5

2

il CS J ik

. VgF ZEHE

B Vn e o I

2.3 (ESHMRINF

N T #iff DDR¥E O &ALk, DDRMIAT L6 N iZ i a0 R B 7 47 ThE. HBH W 2% th 1)
pin JIZZH . BIEETLAmsk. i/ S ESMAL. BHETML. BEESML. &
EREEiE R

Mohb A A RS AEGE (S S ALER S I B R E AT 0%, BRIk, REEH A I A E LK
JENLZ 0 R 2 PR &R WTEE NZ L RGN P LRGBS, DURA TR BT AT 31X 28 50 A AT BE % 44
i /2

2. 4B HESHLEKEILER

WEES: DHSFEONSE, 450 B m 5% e 28 e (- se B iy i, 45 [ %
TR — AMRBEPUM B R . B TR Z N E T, EELA et &wdin, 1H5ELf
JEOPBA, PR I A Ol AT A 2 . BT IR DDR 22 43 I i E 5 # 0 ZAE CBET T EE 4R
R E R R4 2 ZE 4 H BB E 2 % DDR % 45 F L4, 15 5 41 5 26
PLN P E50~600, 224 P/ 1007120 Q o B 4 E 5 2 HAL(E 5 W AR 37 7 20 mil*
DA 0 BE B R B 1o HAl 5 5 i TP . iR E R EE AN N /N T720 mile 2% 0 P Rs
(B 7015 ~330Q, T ¥ [ 3 B i BHRTH7E 25768 O, EAK B 5 i BELAE 16 2 B % 1K 315 2
Ft SR ITE=NIHES



S5 H: UHSPFIINS %, A5 5 H AL 52 B P T . R AiE PP I 1 7E50760
Q. LLTEERSH NN . 5HAhAE DDRIE 5 M FE 2D FE 5920 mil . B VCHL % 7538
EONRALAT R,

- SHHIL
FiC ) DM Al DQS A BRULEL FRs fH H0~33  Q, FHERITAC £ i A FHRTE 425~ 68 H Al DDR

CER

HhE A A5 54 OREFSERE RGN LRI . AFAEFHDTIZ I AEB0~60 Q. 55 LT
Z:2% AR SR AN . {55 205 H A EDDR 15 5 A BE 2=/ (R FF20 mil BLE. HNE SN
% 5DDR I B2 UL S, 28R 2 /DM /E25 mil . HIRULAC HPBARs £ 80~33 Q,
FFERILAC BT, (EMNZ7E25768 Q. AANKESAEMEERSSHER —mEAEN.

BEHESH: BHESHNESRD, RANMERMFIEWMES. IFHEEF 5%
T 1A YRS I AE S5 . SR ERUCHAC FFH RSIEN0~33 Q,  JFIRILFC % ¥ f FH RT 1H
N25~68 Q. ATHIIL&EM, ZHANESFRAEBARMBEESER - EHEAFA.

2.5  HFEISBIEITT

WML T, DDRAELHHER2.3~2. 7 VvV, MABER2. 5V, TAESEKARE AT RE
Sl EIEW TAE KA. % HEJEVREF f&1. 13~1. 38 V, #AE=£1.25 V, VIT LA
VREF A%, HJEJLHEZ(VREF-0.4.V) — (VREF+0-4 V). H TVREF R &5 27 55 385
RAL—NERSHE BT L RR RN, SRR A3mA VTITHR R T BRI 2, £
th o A s FESINE, VTR BRI HLIR,  ZE % HH oy HH K FRUNT VTT HLR S . 0 VT T 2B RE [
ISP NI H FLAL, R R KM T A 4 B R B FRAEARAS, AV I K
KATLAMZ. 3AZI3 . 2A.

H T VREFHL AR N HARE S BuR W EES %, WEmm&kitthe HoEEr. &
JITE VREF HE & 1 Hf PR B 75 B8 B 32 3 BN A7 S R R ARV AE I I P AR . BB AER . RZ
HLO 24 VREFA VTT M FE—J5fid, H2l TEAEIAR, E4&eEaAF. VREF
IR AVTTEA R, AR VTT A A 4 VREF. 1 H G182 7/EDDR $% il % i i /2
DDRTE fi& 2% ¥ , VREFMHIFE AN BCE 2SR A, WHBR g . VREF G 28 58 FE % o8
BT, B 820725 mils

VTT FLE N % B o — B DR N AL, HL B JEIE DDR A7 fiff 4 3 o

N
IH



FEATADDRIGIRA IR G A, W PCBEAMERTHE /> 5 T-DDR HIEZ it SFIE
LT 1S 5 5B IR P ULES, S S s/t e i R A 2
B, EARREEE FIFIIPURPUNIEMCRE /1. DDR LRI TS FOdE R m, Rt an
R AR AR TAE, AR R, B AR &R T, &
FRAGURATIEAB) . ML RS E AR, AR TR R A
BRI HENRAE BN TS 025 845 5 5S BB FRULECA R, R L i SR
Bt S WRAT R, ATRMEC - MR, Bkl M. PRI, RGN
e kDT E T o e T

. EDDRE B K fE T B E®

H AR 2 EE B AL & 3K T DDR £t 28 » DDR #& Double Data Rate HI4E
5, BEONAGEE#EER, EiEK SDRAM K2R Bhi) E TS 34T — Ik BdiE AL 5,
i DDR SDRAM 1] DA7E B (19 b b Je T B i & b AT — OB i A, AT o 21 005 25
P A% S R P R
ML TAERA K= EPETE DDR Ml CPU 2 8] g AL 4, AR IR = Mhae K
Wt TAE, HhBETREMARESMES, 2 DDREWE EE 51k JLAMb/s K,
oym e A R, TS PCBAL & A AT 26 AT Bk, 25 it A& B S iR G
SRR, fEHGE . HbEAIESE S AR AR B e N R, RENE R RS R
THEEZRAET. EHEY 2B SHBERAVNM SRS A LIS, HIEF
PRI A, AR A Ji (R 2 5 5 50 2 4t ] it
DDR {55 HI5F M
CL¥E /7 A ] ) HY5DUS61622CT  SNfil, J4HDDR 15 5 WA mlo 1200 v I ik
AR 200 MHz, B 20 #H A 5ns, B 1A A, BT 508s & 76 CKIPy b AR B
ASf ok, AEECHE AR 4 T — 2, Bl R s R TEAL i R I8400Mb/s « N
TR EE R R AL S, ER CK B B NI RIBE EA RS r . (EEONIRE
R A SF IR A, CK BRI BE AT R R AR A4k, IX I 5 H S AH Y/ CK Bt g
B ZRER, 2 CK HIl EFA P T BRSO, AN E/CK N b
R, Bk A B R A HERAE A, IX & DDR K 22 o i B A R

zanw TO T1 T2 T3 T4 15

JOIC =ae SN, i

CK

ARAENW ' i | i [ t i
DQS ! .

&l 1 DDR BL#R{ER
DDR 51 SDRAM ] 53 & — A~ Z 5l & 38 0 1 F¥s 1k @ Bk DQS 18 5, 1 Wm i
FIDQS kit tHAH B 8 DQ, EFAIT BEVH4RA 2. DQS A1 DQ #ise =&1E 5,
7E PCBEZL bW e 4Lk, weilER), DQS &5 WL 7fER # £S5 DQ WIS 5
EXE5, T EEAER,  DQS 15 5 KU ER ¥ L 5DQE = 1 H O AL X 5%,
(Bt Seqink iy

75 5¢ M (Signal Integrity, fi] #% SI) 815 5 7£ L% DL IE AR B P AiE



FEM S i B ) BE 70, TERRRONAE SAEL S Efe i E. ESSBERESES
e B S EEWMA ERARIER . 55BN AR EFEVIMK. & DDR
BN A5 RS T g B, SRS T 5 BRI Z 2R N S & SuA
SEE . EmRMPCBULTH H ZN I H B B Ek . 554, i RO 28 0] ¥, iE
HE MR . SR IL R AN E N R, BEE S 5 TAR R A Wi &,
55 FE B 1) @ L2 BN BT S DDR LR OCVE I A s . NIRRT B 5 58 %
W B A 7 A R AR T

B RS T S BN

1 R4

Bt (Reflection) <& G SR, SEUE S BIBAARE RIS,
IME2FT7R . A5 5 E AL 1) I R rp Al G B S A F T TR, 2 ks i aZ 4 T 1)
BRI 2= 3 HBOEE TN RE AL . 77 2R SO I SR N A5 5 1% B 2 P i R BEL BT AN DL FE

A
it -
VB dsivaredelob i\ nacssssasvasnnsdeniiitshedvibbefiengtioes
P S S | S— N ———— eyl | S—_") -
>
P
IR IR PR S e L eI R Sl S
S = SRR RSP I 3 O B (1) W ¢, SEONBRGAGRSSeN e, I {9 T Y |

2 RESBEHREE

T 55 B G (T R AR R e LT L B A U IR, 7 8 BEL 45 A i 28 1 5 2 L 74

R SR, BT LS R AT RS A A A i 2 (R M BB S S A .

[ R B % PCBE (MBS A s tH IS A 40 f, R B AR A 28 4% 210 L 3%

G, 75 U ZE A S 2 1 4% B 2 TR K 4 H B

2 Bk

=5 2 A B R R E R A AR AN B R R S SRR O R
(Crosstalk) . It RIGR A BEEBEE S22 ANEAM%E. hTmiEs
%%%%%%u%%ﬁ%%ﬁ%ﬁ%,%%%%@ﬁ%%%%%,%%%%%%jt$§
SRR R ST, AT AR AL (S S IR S A IR I, 552k R (0 2

B 77 7R I AR (G RS, 3 BT . I i 7 I e G 3 4 1 B I #E i 2k B 18.com
PR AR, X B, PCBIUEMZSE. (S5 4BI0IMEE. IR EhuH AR SRRk
(1) F SRR 1 DA 2 A5 B it B2y 2Ot ER AR — B R . R R B 2 I A AR 1

T AT R SH RN IR, 5 S AL SR e, PR Ak Bt

B M S S PR, AR R R EE, EENSSRAY

T T % TAE L2 i



K 3 HRRTER~EE

EEEES 2GR, REETHRESLINS, MR FEM PN &, (5890
ANFE, ERWFETL MU LH-FHZE MG, FTUNIRAN =L R, K
B PR A T (R AE 5 AR A0 5l R JE 3 ) B G 3 e AR AR 4k, BT DA R JR B 10 7 v 2
LMD PO 5 BE A W R B AR A T AT, R B A UL LA
@ Y, WEE I EES LSBTGS, XA E K. B
fEwth, Merg T HE B ERR, HFERENMHKEEZSNEES.

@ /E AL R VTR R AT, 2R PURO)™ H B 2 4k 2 1A 4l N — 2k Hh 48 5l b~
[a1, ] LA 2 Be B i A FH s/ B

O 55 A ETE RN G, 35 JC v 38 4 W) A 28 % T AR S 8 /).

@ /E MLV W ET 3 T, INRAMAE 5L 2 MR, W/ME 54817
KR, MNP ES BG5S L EEmAZE T

@ N B A H 5N om A B82S, T A2 R B Bl A YR (R AE =S S B
R ), OB B4 A T RESE AT R BT R 26, bt ge M il & 5 . SEERE
B, IX M 8325 7H B £F P I BB A7 R DL 2K

3 Hh

Mg (Ground — Bounce) i 4045 HE T BE V& N2 0t S 5, 2 R G [ I B 4 2 ) 5
P 2 RSB, S AR RBE S B, FECRFEL DML E B KD,
P YRR I P A S SRS S R I B, B4R R . O MR SRR 2 —,
O] REA I e A A A o s 1 Mg P 2 Wi o (R 0 R W, ™ B AT R e e AR R
NE

Vio

&4 HMERERREHE

TN B s B M, S R AR MR R A SRR, SRR T e I, AT
JR IS A X R GE AT o E RN R G A R B IR ) B AR S, A
PR LRI H 3oy X, E A SARE A e iy X, Bl H 2 E
SR R 4) o DDRER /2 sl 1, e v T AR R SRAIE (5 5 58 B M I O A



K IS 5 e BEVEA N 25 5 I B E SR . H) S ) 55— F0 02 PR AR PCBH )
AR, BT RS SN OR, B SAE EE KR, BrblE
T DDR H 4[] B N R B9 ), oD R M v [B] B Y KR . R E/EPCBY Tl
JZ A2 K T A A, 3 S i X i o S 5 AR B A B AR A R AE

BN L — AN LR R R R A E RN B CE R A, R AT
28 m A PR AT L A, 0 @& 2 0 2 A A R A RO A ) R YR A M 2R E ) e g
oo

WYATR DDR EE %

DDR MZRELEE L. @R, PUE 7+ HYSDUS61622CT A, %0 H LH66
B,  BAERFEZ, DDR BLRE 5 HIUE S e BN, 8 W8 E S %
Ko BEREDE. FENFEE. BERFEN. UCEM. Bl P R 5%,
MEETHEEREN A EETEBEHEE, NS ENERE, THR
WM EE SIS ORlESNMBE, B9 LT TR E . THE .
PREFIL W ESE . oSN VO E R A, FATT AT AR A e 2 9 A o S
B . DDRHLIGE T AZE, WAFEIR 24T 2 AMME 5 4 fe i 2 B 28 PR S F HAh 5 5
PP A IR P, R AR R U g BUTHE SGE I T /Y, [ ZE TGS BB S
SRR ROERE . BESIACEA EN M ARSI R AR . e i
BT 2 2 8 A A S B ok RSB, KR A & & T ot %15 5 4R 18
I ) b AR D o RZS T 2 R R G HIR S B oRRE B, X o Hr s =X 3k
IR A e 2k b B SEBRBLHE A R T 06 S bR o i A0 7 A0 180 23 AT

U] f FH 2 55 23 AT A DDR /Y _E LB FPWE?DDR _E L AT aa b Bt FE & . 1o
VDD F L, 4% £VDDQ F Hi, #R JGVREFAI VITE HL, iX B B {# #F CKE MKH
F, W RMUE IR f5,  CKE A% -t 2 & Mk Rl 22 75 I Bl O gk AR
EJG, AP UHATEAER S, BEREBATFAHE, HEANEESH. XEH0
4% MR E IS AT, IS s

tvrp

VREF /

IcK
CK

CKE

& 5 DDR LHEEF

A 7] BB 48 DL A5 5 o Bl B2 H o A A REE, EMiEEA XS
AT IR A R S5 5 IS ) PRFFET [RIRTZEIR , A W b B 3% A5 IR
BN RN EE L TRES, NERWERMSIES BN, ZE5
PEAXAT 76 5 2R (K38 47 9 T fik & A WL ZZDDR R, 38 T £F R A 12 % i [ 1T i
R RN 8% 7 A 2 e B RS S 1

gk 5

Wi EBERFHINGE F 2 AR ERTE TR, 5HMAMIERMLE, DDR
BRI R . HEER DDR & ME#imE K mMiEL, S Rgkhetads
FEERIFZ I, DLRT AT ZAL RIS 5 52 B i) @t i i B A R L, EPCBiT
BN AN B L8 S L HR AT M 5 A () R . A R ATL T A e K R S T T AE b




TAE, WEFEAANE S 5a B AR5 O
=. DDR Layout Guide

SDRAM,DDR,DDR2,DDR3 /2 RAM AR K EFIAFF B, X T
ARG KL, SDRAM & H ST, SHBERA G E, M
DDR/DDR2/DDR3 1, HAiEA EC &L DDR2 HE S, HEAA
DDR3 f4xMiHUAX DDR2, ¢ DDR,DDR2,DDR3, HF#liXxH A%
I, H OB 22 B g R A N BRI AR ) TR I B B 22 ], E 2 A

HEE O 2 B IR R KRR, AR AZSEL, 5 2clock,strobe,data,

address,control,command %;, it ;DDR/DDR2/DDR3, fif{]*Jclock

5 data BEILIIZEZ—3M, X clock=266MHz, X N [

data=266MHzMHz (X L r]geF A o6, wifSdata Ni%3% 1533 MHz,
Hsz e RATH 31533 MHzY) Bit Rate, X FLEFE— N EEH 0 5
T HAT, BATHE SL AFEREER T . )

DDR/DDR2/DDR3 [f] Layout Guidelines ifi % B FHE IR (R

5 ] 7 30 #4

max.book118.com
TSR3, TE=B ke

Bon—#, HFHEENSHSHZST)



Table 1:General constraits for Signal Group

Index SGl:clgenuapl Net Mame |Trace Width fli)f;rr?alwé};ésngigﬁ g‘&g};Tracgaﬁ(eagthTrﬁgfclzfggth Imgérrllgir?ce Dfnfpegne;;nlcael Rcﬁgﬁr{;oo PRSI
R CLD 5 8 10 2500 i NA 100+10% GND Ihie ig the dd
"7 lcups 5 8 10 2500 ' IA 100++10% GND
o | DoR2CK 1 CLK 5 8 10 2500 . NA 100#10% GND I
CUK1# 5 8 10 2500 NA 100+-10% GND
D0-07 5 5 8 2500 50++-10% WA GNDPWR __ [Na
3 | DaaLane o 4O 5 5 8 2500 20 50+6-10% WA GNOIPWR _|NA
— Iposo 5 8 8 2500 NA 100 +/.10% GND o
DOS0# 5 8 8 2500 WA 100+610% e
DOSD 5 8 10 2500 WA 100+%-10% GNO o
4 DataStrobe +5 This is the a
DOSO# 5 8 10 2500 NA 100%+10% GNO
C6-015 5 5 8 2500 50 +-10% NA GNOPWR _ [NA
= | paaLane 1 DMI 5 5 8 2500 %0 50+%10% NA GND/PWR |x
— DoSt 5 8 8 2500 WA 100 +(10% GND o
DoS1# 5 8 8 2500 NA 100 +(10% |  gp ™Y
6 Iatastrobe (205 5 8 10 2500 - WA 100+10% GND e
00S1# 5 8 10 2500 NA 100%10% GNO

Table 2:Length Matching between one Signal Group and the other Signal Group

Signal Group Signal Group Length Matching
Index 1 2 Between Gioups Remark
1 DDR2 CLK 0 Datalane_0 +/.400 NA
2 DDR2 CLK 0 Datalane_1 +1. 400 N/A
3 DDR2 CLK 0 DatalLane 2 +1:400 NA
4 DDR2 CUK 0 Datalane 3 +/-400 NA
5 DDR2 CLK 0 Addr +.200 NA
6 DDR2_CLK 0 Command +.200 NA
AKX 454 Microns Freescale [t DesignGuidelines, #4044

DDR2 ] layout Jj [ ZVER KM, MEAKE, Hial LLagyy B

=z
&

IRk E T R IE R A0 R Tiql-xxx MM AL ERS, bR
Xo FAh, EE T ULS RAYE K] 54— CE DDR2  design  checklist.
1.Micro #Ei¥

VSS N, VSSQ AfETHE, IR U, WE RS
VDD At Nz ftH, VDDDQ JN#sffH] DQ A 1/O fihr, 25 Joiks il i
i, P&, ACHNETLLAqI-003-DDR Designer Check
list.doc FC A1 HH, 1EJv DDR ¥ it SR 46 T 85kl
X1 DDR Kif, & NfETHWT:
I #5554 DQ,DQS,D M, H &A1 X2 NE K — 518 Lane

H, 41 DQO~DQ7,DQSO, DMO A— /M55 4.,



I #ihtf5541: ADDRESS

1 fr&15541: CAS#,RAS#,WE#

1 =5 541: CS#,CKE

| [P {5541: CK,CK#

1.1 ENIEB2&4R PCB  Stackups
6 BRI, AT

[ 11 ]

4. 5mhl

6. 5ml

30mit

5. 0mil
log L5-Vto ho

4. 5mf
0,7 ml 16 | gngl

I LB AR (BB 511 750760 ohm

T B[] RS AR SR RSB 4 1. 57 mm(62mil).

[ 7KL Prepreg J& B2 v AR AL YEH] 476 mil,

1 FER AR S TR AR A L B R A TE R 2 3. 674 5, BB B
G, WEEFRRTN. FR-4 2 —Mss A dsrkl, 78 100 MHz
[ (P24 F O 4. 2. HEFE S FR-4 {E4 PCB 3R EL, BN
CEE, BEARMRIEIER, ERM S,

—fkui, DQ,DQS  FEEE 5L VSS (E RS H T,
NVSS HEFaE, ASZE T, b/ a4/ HE S 4k vDD 1k
RNBHENH, BRI E SRR G & A .

1. 2E8 AR RO AT 4 R 1%



R JEDEC #rifE, AR EKNARSH —BGTIAE, N7 Scdl i

B AT 4 e, 40128 Mb5 256 MbisEaENH, HIEEE11ZPin to Pin,
\ 1 1 4
T8 F S
FEBCTE I 5 ] LS P A Memrory FFEAVE .

max.book118.com
AREIDQ SIH: T SRS — B T4 AR TEAKED
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Memory Type Resistor Location | Range |Units
SORAM CiK midpoint 22-36 Q
DDR CK. CK# midpoint . Q
DQIDQS?, address, command
DDR and SDRAM control 10-33 Q
K 3
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Single-Ended Parallel Termination tor DDR Component(s)
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Recommended S3 for functional signal sets:

‘DQ lines =4 mil minimum.6 mil nominal
‘DQS lines=4 mil minimum,6 mil nominal
‘Address lines=4 mil minimum,6 mil nominal

-Command/control lines*4 mit minimum.6 mil nominal
‘Clock lines=4 mil minimum,6-10 mil nominal

[#] 6

LR P

Spacing
Signal Set Signals lype Min Nom ez Unit | Notes
DatyData trote DQ to DQ S1 B 12 mut
00 to Das 52 8 12 mit
DOSin byte lane rl to DOS in bytelane s2 S1 mii 1
DQ and DM 59 B 12 mt
Address Adjacant addross lines 51 6 12 mii
Address Iines 32 6 12 mi
Command Controf CASF, RASF, WE=, CS*, CKE 51 6 15 mt
Clocx CK#. to—CK 51 4 6 mil
CKelor CK in group of two)to DOS mne 59 mil 9
Dferentiat palr (CK,CK#)t any her signal| 52 8 12 - mt
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PLEA: 1, DQS —MRATZMINIE RAUEE SHNFE—F5HTDQ EL
e al, Rt DQS 5 DQS X JE i TE] BE — AN
2,DQS S5HME 5 ELAFHLE
3, NT BB, HIEESH S/ A/ hE S 4 (/)
FELRAIFE 22 /020 mil, FIEATEARRIESEEL.
4, BHEMESHELRREENE, RS EMI.
1.53%ELKE
FTAADDR  HIZE I #02k CK 5 CK# DAL [R —EAT Lk, RE
+-20mil(+-10mil R 4F), BEFAE N JZA0 & DA EML. R RGH 24
DDR 23116, ZAF{E1007200 ohmi) LB EAT 2 4 i 42 o
(1) A W28 1) 43 X5 %) DDR #5£F) 46K 2 <1000 mil, ZE15

10071200hm [ ZE5 o, Wk K-



Single CK-CKy Ditterential Resistor Placement at Split Point

DDRI1 DDR*2

CK
3 - C .
T split point 2 =
4 p 'T;Rr_ ;
Lenth frem, = L tenth frem
the sgit peirt o the spit point

to DRAM dewte < to DRAM dovice
is<tin(2.5cm) Memory Controlles/ASIC is<lin (2,5cm)

K 8
(2) N2 4> X 5 3] DDR &ML K EE>1000 mil, ]
200™2400hm  [fIFEPE 2 4ruRiE, AT 2007240 ohm () HLFH I B (H

1E4F A 1007120 ohme 40 FEIFR,

Two CK-CK#Differential Resistors Placement at Component

DDRP1 l . DDR® |

| CK CK# CK CK=
_. | - { : E '_,
b r ] R ¢ R e |
split point
® O .
f‘. \‘-\
Lenth from ~ 42 " Lenth from
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BIBIIE 5 L& E 4R 2 N+-50mil(+-25mil) £ 4F, Mima LLEE], W
ARS8 4 2R 1% 22 9+-1000 mil, AHFEMEIE R DQS  —MELLTE DQ H
] .

Mok 2/ i % /ARG T 2 S NP E T AE 2R 2 N +-400 mil, 4N
FEZ IR ZEJ9+-50 mil

BT 15 5 10 8 28 K Z 3% 1 76 2inch(Sem) 547

1. 6B JR eI 713CHE

ookl118 com

HEZF {3 FI{IK ESL (2nH)  FUHEZE, K/NTEO. O1uF™0. 22uF , HHi—8 FEEisTkeD
0.01uF #%f &4, 0. 22uF &1 XHEA.



U B . A TR R AR, BAAE RS, BERA
A mta e, KA. — B g i A B R 0 R IR G
PERE FRERLZ
1.7 DDR A9 VREF

Micron recommends:
‘Route VKFF at least 2cm away from other signals to minimize coupling.

‘Design traces asshortand wide as possible between the voltage source and VREF.
‘Placea single low -inductance (01 pF )bypasscapacitor ascloseto the deviceVRFF pin

as possible

1.8 VREF Generator
XT84 i) 3 (<4 DDR 234F), vl I~ BB vk -
VREF Generation with Resistor Divider

Vnrr

1k241% 1k2+196
VooQ o W-L W—4

11
X TECE R 1% (04 DDR #&1F), "I HIC 5k 7 4EVREF. IC W
AR T M EEVTT M1 VREF, H HVTT 755 f i 1E O T i s
JTik3. 54, “FIJHIFINOAVREF KR HLE/DN,  —MRAAE3mA &

A o

Appropriate  DDRtermination  regulator  vendors  offering  products  with  Vrr,Vker,VDpQ.

and VDD outputs include:
‘Fairchild—ML6554 and FAN1655

‘Linear Technology—LTC3413 and LTC3831
‘National Semiconductor—LP2995 and LP2996
-Phillips-NE57810 and NE47814

& 12
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Micron recommends the following:

‘Route VREF with a 20-25 mil minimum trace to reduce inductance
‘Maintain at least a 15-25 mil learance from Vkur to other adjacent traces

‘Place a 0.IuF capacitor between VhtF and VDpQ

‘Place a 0.Iuf capacitor between WrF and VssQ
‘Decouple at each device or connector to minimize noise at each component
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intersil.Philips Semiconductors,California Micro Devices,Fairchild.Champion Micro-
electronics.National.and Texas Instruments.

%% 71C Regulator, HEZfd AR T )5 0 -
IVTT H] Rt st/ 26 /a5 5 54, mixsdEi (= 54 VIT=VvDDQ/2
IVTT J AN st 85 542, 5 5 4o A0 F Al T U 19 22 20 o B BoR
IVIT 5 VREF &£/ T ER—)Z, LAAA150 milfJEE, #HHE
IEARZ
IVIT £/ P EE /D2 A 4 7 7TuF RS2, 24100uF FH %
HARTMCEM B RVTT I m 5 (at each  end)
IVTT K EL % E 2> 150 mil, #E#E 250 mil
I EEE . VIT JF4h LEUNA{EVDD 2 )5, #fadefflatch-up,
¥ VIT 1 VREF [F]i_FH,

L AR E L E SO, @REHT Borsd. RARILNA

VTT Island and Regulator PCB Layout for Multiple DDR Components:




Balancod T Routing Using Four DDR Dovices and SSTL-2 Type 1 Topology
/Nn  %y-Upto 16 par adarw gretP(A13-A0.DAt,RAO per dorke
f 41-10 per esdi dato grapiDO7-D00.DOS.DMI

S L 1 ttao gro pr por dcvico)
T7Rr V t5percemmsind groupRA54.CAB4 \WTA CS4.CKE
[UoR“ N IDUR_J TR
soRaM —  SORAM_ ‘ SORAM.  SORAM
SMELNS
|

F
! " Rs. ypto lprsoras goup(A13AD EAI.RAO)
U 410 psrdsta grcup D07-D00 DCS,CMD
\ ! , .5 per command group 0AS*,CA5t.WE,CSH,0OE

Momory  controlleriASIC |

Notes:1.Position the Vrr source as close as possible to the Rr resistors.

2.All trace lengths ore equal.

3.Eee unldirsctionsi sdaress command and cantrolsga optimal Rs placement will be
determire d through simulation.Generelly this i ncar the mideo orthe bus or eoto the
gontrele butitis not required to be in exactly the same place for DC and command/
address greups if skew specificatiors are met

4.For bidirectionsl dato signalsWRh DSrallel topoloay Place the RSclos he

FPGA

5.Values for Rs and Rr are system-dependent derive through simulation and prototype test-
ing,

6. Use simulotion reults to optimize Rr
and reiterate until simulatsors have VH and Vt margins before testing pfototypes.

7.For sytams With rour or more DDR dNiRos With tbte lonsthS2in 15emS Parallel tominat
ingresistors ap strongly adNised falso ses Figurs 8 on pogo tj,
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/Y. Freescale &

2.1 xF Signal Length Matching

S5 KEULHLZE R T PR — /% K&, DDR 2FEH K
FEVLHC =k~ K.

Signal Group Minimum Length Maximum Length

Data iane to data strobe |Strobe length minus 25 mils |Strobe length pius 25 mils

Data lane to data lane No more than 1 inch delta among all data lane groups

Data strobe to clock See Secton 10.3.1.Meeting See Secion 10. 3.1, Meeting
the 75%—125%Wnte Data the 75%—125%Wnte Data
JEDEC Window” JEDEC Window
Address/command! Shouid be cetermined through|Shouid be determined through
control to clock simulation. Simulation.




fEiZ&™, Data strobe to clock #I Address/command/control to
clock FK FEVLACACA 45 AV ROEUE, AT E BIEDT HAIHIL T,
HAREE AT PALZ 25 A CHE BT 3R
2. 2<F Clock Signal Group

HAKH) Layout Guide W1 ~NE, mIUL—H 144,

ltem Recommendation Comment

Reference plane Ground-re’ erenced Maintain a soid ground reference (no splits and so on)
for aill routed ckocks, thereby providing a low—impedance
path tor the retun currents.

Same layer routing Route all clock pairs on the sameEnsures all clocks have the same signal integrity
crisical layer.Avoid swtching Swap cock pairs as needed so that signal routing is
between layers except where optimized between the contoler and the memory.
required. See Figure 5 and
Figure 6.

Characteristic impedance =50-60 s single—ended Al pars must be routed diferentially trom the DDR
=100-120 ditterential controlier to the end pont (DIMM or discrgte)

Trace width Implementation—specific

Diferential spacing implementation—specifc Correct diferentiai spacing miust be maintained

throughout entire signal route.See Figure 4

Par—-to pair spacng 20 miis Exceptions may be needed at device breakout

Group spacing (ckocks to all other|20 mils to any other signal See Figure 4.Exceptions may be needed at device

signals) breakout

Serpentine isoiaton spacing Maintain at least 20 mis See Figure 4

MCK to MCK trace matching Matched to wthin 20 mils

Ciock par—to—ciock pair matchingAll ckock pairs to a given memory
bank (DIMM or discrete)matched
to wthin 20 mds

Series damping resistor value |Range 15-33 Optimal valve and locafion system dependent and
should be determined by simula ionslior ooint to-Doin
connectens. olacement is ootimal at the sourceFor
point—to—multipcint, placement at the loads (DINM
connector or discrete bank)may prove optimal.

Cptional-parallel termination too5-57 @ +1% Cons dered to be an opional item based on internal
Vnl smulation runs and application notes putlished by
Micron (see Section 14, ”Useful References’)

Use of resistor networks for |Not recommended
damping resistor

item Recommendation Comment

Dierentiai ferminatcn 100-1200 Requred cnly for diserete implementations.DIMM
moduies provide the afferentiai termination,

% 18
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KT W85 5 1 layout Guide, Z W.4an18. fEE 1891, Z#{clock
pair to clock pair matching 5 XAET REGH L ANZ 008, 1 Bk
BT [E— A, &R 2 o i iE R A F 1) DDR #$4 bo [FES

BVEE N2, Series damping resistorfiEAA E (K18 o2 {4 5

il

oy o NI HAEEILS W—SH, LS EE19 R EE,
JX 7E SEBR (1 1ayout H 4 FE VLG A L, RIS A e 7 2B 2 ok i 2 K BE UL
i, dFEREELRAEAKEILKRER, BRIk, WIEELEAIE
A if 4k, F HARTE — & FEFE LW {5 5 F &R EMC o B 4 22 73 2R 1 1L
fE[Rl— EA 4, Z%GND,
2. 3% F data {554 Data—MDQ,MDQS,MDM

DDR %4+, KTdata{55M4H, XEAHNY. Layout Guide

20,



Item Recommendation Comment

Topology Daisy chain

Reference plane Ground-referenced Maintain a sold ground reference (no
splits and so on)for all routed clocks,
theretty prowding a low-impedance pah
for the teturn curents.

Charactenistic mpedance ' 50-60 Q -

Trace woth implementaticn—specfic

DQS spacing 4 W minimum

Group spacing 20 mils of isolation from other non—DDR|

related skcnals

Senies resistorl 0-33Q=5%
Termination resistor 1 25-67 Q +5%
Length maiching wthin the byte lanel+25 mis from the data strobe Alows max interface speeds, See

Section 7.2.2,Data Group Matching
Requrements

Length maiching byle lane to byte [No more than 1 inch delta betveen all |See also Secbon 10.3, 1.Meeting the

lane? groups 75%-125%Wrte Data JEDEC Window”

Length matching Das to clock See Section 10. 3.1, Meeting the See Section 10.3.1. Meeting the
75%—125%Wnte Data JEDEC Window 75%—125%Wnte Data JEDEC Window

Resistor packs Use as needed Do not place the data group in the same

RNs as the other DDR sgnal groups

K120

I 20 770, DQS IS S IR ER TAER, RIHehaise & —5
i, Rk, DQS FHARKIFE data Groupf{s 5 spacing 25 £ 4W #i
I8
2. 4%FAddress and Command Layout Recommendations

fEE21 F, BB, B2 Addr/emd /5 58S 5K
ULHC, KIO9Addr/Cmd A5 5 RAEM BPHE SITRHEAT KRR, BRIARATTZ 1)
HOAC FEVL AL I e B2 LU s 28, 21 Fraf AR, Addr/emd 13
SHRRKE N A& (ME ZMHEESTFKEY, NS HFENER
UE), RIS 5 e BBt , I i 5 B0k #e i, {H /& Micron 47 % #
iR 2 fE+-400 mil, K484 Freescale 1 Micron UM, ZEH N
+-400mil J& LLACH LR B4 0F, A R VPIiE, U7 Bt T
UEA) CRSEst &R, W) o



Item

Recommendation

Comment

Reference plane

Greund-referenced
or power-reforenged

Maintain a soid ground reference or power
referonce (no splits,and so on)for the entre
sienal group to provide a low—impecance path
for the return currents

Charactersic impedance

=50=60g

Trace widith

Implementafon—specific

Grecup spacing

20 ms

lsolaion from control group to other non—DDR
signals

Length maching (witn respect to ciock)

Min =Addr/Cmd Grop e=Max

Minimum Addr/Cmd group length

Max clock length-"Y

Maxmum AdaniCmd group lengn

Minimum dock length -Y nches

Senes resistor 1

0-33Q 5%

Terminafion resistor

25-57Q=5%

Resistor packs

Use as nesced

Do not place the addricmd group in the same
RN as the data group

Values denoted in the tatte provide a startng piace for the designer and are not intenoed to be he only acteptable vaues.
For exampie,it may be possible for certain topologies to elmnate Rg andlor to modify the characteristic impetance below
50 s to match the actual toaded impodance of the system mere cotmaly.

2 The parameter'Ytis

the timing vaniance around the clock edge that can be tolorated for a specific momory implementaton

and stt ensure that setup and hold times can be satsfted.Because loading,cock ftequengy and signal integity of the specife

memory imolementaton creat,Intuence

the Y parameier.itls itcortant

that the vave or Y

is detemined ty simulason

K] 21

2.5 XF Control Signal Group

K1)y controlfZ Bt 2R o 15 5 ¥k 47 R

K EEVLEC XS I P B2 it b s B, NI 22 7 m] LA H
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item Recommendation Comment

Reference plane Ground-referenced Maintain a soid oround reference or power
or power-referenced reterence (no splits and so on.)for the entire
signal group therely providing a loe-
impedance path for the retum curents

Characteristic impedanoe t =50-602

Trace width Implementaticn—specific

Group spacing 20 mis lsolaion from control grcup to other non—DDR
signals

Length matching (with respect to |Min{=control group <=Max

clock)

Minimum control group length 2 Max cock length—7 .

Macmum control group length? Minimum dock length—Z  inches

Senes  resistor! 0-33Q £5%

Temination resisto 1 25-57Q £5%

Resistor packs Use as needed Do not place the control signals in the same RN

as the daa group

Values denoted in the table provide a staring place for the designer and are not intended to be the only acceptatle values
For exampie,it may be possible for certain topologies to eliminate Rs and/or to modify the characteristic impedance below
502 to match the actual loaded impedance of the system more optimally.

tne phrameter iz is the tinina vaance around the coex edge hcan be toerted tor a specifc memory imgtementation
and stil ensure that setup and hold times can be satistied.Because the loading.ckock trequency and signal integrity of the
specific memory impiementation greatly infiuence the Z parameter,t is important that the value of Z is determined by
simulation.

&]22
2.6 xF DDR Power Delivery

DDR1 ZEEE2.5V(2.6V for DDR400) FJEEJE, 1.25V [ Vref, 1. 25V
] Vtt., DDR2 FEHEL. 8V MUHJE, 0.9V £ Vref, 0.9V [ Vtt. FEmtE

ESEZBR— R G X DDR 1] power E3K:

Parameter Min Typical Max Unit
Voo Device supply voltage 2.3 2.5 2.7 V
VgEr (DC) input reference voltage 1,13 1. 25 1. 38 \
Vr Temination voltage VREF-0. 04 VREF VRer+0. 04 V
ReF VRFe current 0. 003 A
hr Vrn supply current 2.3-3.2 A

Maximum current rating based on speciic termination and values used for a specitic topology.For this
case Rs=Rr=252. Caiculated under maximum slgnal loading (al DDR signals drawing current trom

Vrr plane)

K23



EE23 T, TttiXANSECERRE ARSI (e i 5 880,
Rtt (VB M€, B aEdaiUiES%.
2.7 *F DDR VREF Voltage

Vref F KR AH S /NET, /M T3 mA, {HZ Noise or deviation
in the VREF voltage2 5/ FiRZE, jitter DA —SSAHE 1T M.
B b EAfEVref ) AC Noise fREFE+-26mV  BAN . i Vreffl Vit A
TR —ZE L, WA, ZEORIEARERIEEE, #1150 mil. Vref
[ 7 A P B A T S PR gt 2 R 40 TR HLBH, G124 P

L——LIMM or Discrete

Voo=2.5v / \
DDR Controller N _ I: |
MVREF' a4 + > 4 —) .
a1, i =R 1% i

K 24

X #85 ifLayout Guide L 25 A :

item Recommendation Comment

VREF generation Use resistor dwider network or an Ensures that Vrer tracks the midpcint of thel
off-the—shelf DDR regulator that generatesjvoltage swing.

VREF decouplng Use distrouted and_baianced decoupang|tocazes transient currents ans returns
Spechcally decouple the source andeach|it singie IC is used to generate Vrr and Vger
destnation pin osingo tioro.ontwpass |add addtionat decouping according to the
caps manutacturer’ s recommendaton

Vaer Isolation KeOpa20-25 mii clearance beweenVner Itposse, isolate the Vaer tnck as much win
and othertaces adjacent oroino trace segments

Vner trace wictn Route Vrer wth as wide a trace as

posstbe, for example,a minimum of
20-25 mi where feasible.

VRer diMider resistors (t used)|Ensure theuse oflresistors. Suggesed Both resistors must be the same value
range 60—-160
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