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M1lc2arybo—9FEEEZRLET, SOTFTHA U TIE, Fa¥ bo— 138
HOPLLY Y —ALDLLY V—A%fzTWET,

SDRAM Memory

System PLL
FPGA \
DLL — PLL5 DDR2 Controller
PLL11
T Fedback PLL
PLL 12
T Fedback PLL
DLL [— PLL6 DDR2 Controller
System PLL

SDRAM Memory

2233y ba—FFEEERLET COFEET.DLLY V—AE PLL Y YV —
A 2onarra—-—5CcREEINRTET,

o s320aryitu—SThAEENLITOY 7)Y —AIZDWTREL <,
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SDRAM Memory SDRAM Memory
PLL5
DDR2 Controller PLL 11 | DDR2 Controller
Top_left (Fedback PLL) DLL (System Top. right

]

PLL 6 DDR2 Controller

DLL  |— (Fedback Bottom_right
PLL)

SDRAM Memory

- D BMETEDNA A L -y y s kary bua—SHT, FPGADEDY) Y — A% IHE
T-_'j-’r TLUENRH LMo TBL I ENKRYWTT, UMTOTY A U pEEIL, 2
REIEIR F70E3T0 hO— T - A I S IE

1L &AYSTrz—AZFPGARDL ARV IZ120F 3o ay 7 - R7
(c1k to sdram[] 8L W clk to sdram n[]) PHHTESLZ &,

2. FKariro—J 2 1OV AFL PLL & 107 4 — RNy 2 PLL 2
WA L, £ PO —F5T, YAF A PLL SV AT A - 70y 7 %k
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TS 74 =Ny 7 BLUV AT APLLOWEIZ DWW TFEL < 1&.[DDRH L I'DDR2
«®  SDRAM T¥ FH—F - T84T - 2—HH A F] o [ A, BRI o
HEZMLTILEE W,

P31, YATAPLLBEY 74— Ny PLLELTIY 74 F2Lb—v 3
YENPLL % &8, 2O PLLY — F - 77— ¥ XADFEEERLE T,

3. 74—FNNv Y PLLEYRTLPLLOMSZERAL - DDR2SDRAM O FA—5

" Oprtrfan?/, de%enrdmg on s/;:ttfng (%f
Gclk - Global Clock Insert intermediate resynchronization

Rclk - Regional Clock /

dq_capture resynched_data feedback_resynched_data inter_rdata
E D Q D Q D Q| D Q—User logic

[Gelk

Gelk

D Q—

address/cmd

Eq,enable,resa doing_rd_delayed
Q D Q D

dgs
PLL 11 or PLL 12 clk2 (resync clock)|
clk0
clko (fedback clock) {wrie clock)| D Q—%
dq
Bk System
Feedback clk1 (postamble clock) }Y»’LL Gelk clk1
clock in
clk3
PLL5orPLL6
Feedback
clock out

DLL U )—2R Stratix® I 3 X 0¥ Stratix Il GX ') — A ®D FPGA 7/314 ZlZ, FPGA ® + v 7T

= 1o DLL, K M ATIHODLL #F K=+ LFET, LA T, §TCHIT Y

w*ﬁﬁq’;Iﬁ FE—=IHEBEDLL 25O EIE L 2T N 520D, TN ADF L
FA RICHDLAEY - 22 v a—FHFE CRAERTEET 2 LE N D) T3,

4 Altera Corporation
2007 £7 R


http://www.altera.com/literature/ug/ug_ddr_sdram.pdf
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HY, FLTNAL ARG L TERELR L0 INS 2 RIRT D & X IFEBEIPLET
To ST, Bl 7Oy ZIMHHATA) V=205 4 FIZOWTHBL T3,

PLL V)V —AIZDOWTEEL < 1&, [Stratix II 7/34 & - /N> K7 7 volume 2]
@ [Stratix I 3 & O Stratix [ GX /351 2D PLL] ®#Ei2d % [enhanced PLLJ
B XU [fastPLL] DIHZZIRL T L 72 & 0,

23 =T - THA Y TIE 22003y hu—FHML L CwAh7zoH, PLL I
IPY =) - RXRVFTAVRAY v 2LEN, BETLLEEIHY T A,

(&0 WHOAEY - A ¥ 72— AR CEEROHAE I, PLL YV — A
rRATEES,

I's® 2MWOMLL7Z PLL 26HMASND 0y 728> THRIS D 7 —
DT R B VEED D B YA W) % 7 — & EHALICECRE L 2 L
e ) THEA.

323 O—=F - FHFAL YT 32T COIAY  A—=F% T4 7T 5D
B PLL OR/NY v 7HIZ 11 TFo £ 112332 VA —=FO7H A Y HNZLE
o0y ZIZOWTHBALE T,

£1. 33> MO-SOFYSHIDBEL OV Y

70y 7% SHEA g0y 7%

VAFL-AyY 122DV XFL-7Ay 7 T32MOA M A—-F % 1
TRTKZ1 T,

SA4b-70Ov7 120F4 b0y T30 O-F%F 1
RTKZA4 T,

BRIt Oy 7 ZarrO—-ZiC 1 DOBREMEI Oy 7BV 3
79, (1)

71— KNy 7BREEAE a2 rA-FI21 207« — KNy 7BRERE 3

g0y 7 TRy IFHNET, (1)

RX 72TV vOy Y Z2aALbO—-FIC1 DOKRAMTTIL- 70y 3
IWHY)ET, (1)

&t 1

#1 D

(1) 22BEboarra—I231O208EEML /) 74— N7 JRANT TN - 70y 7 2 WG T LEHE1E SHEAEY OF—
Fe bL—ZARBEBLIOR-F - LAT7Y MRy F U Il LElH ) 5. 20L& 2l ERT 2121k, 3208
MLUZHESME , 74— 8Ny 7 JRANT TN sy 2 REHLET. M4 I1RTEBD, 31EO enhanced PLL 7°5 11
o PLL v 7HHEIRE N F T,
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I/O/N>r 27 3BLX04 D DLL #4# 2 1 v 271X, enhanced PLL5 ¥ 7213 7/%4 A
DOWYI A FichsrEH 7Oy 7 AHJE Y cukia-7] F720% cik[12-15] I
FoTORFIATURETT, /O /N7 7 X188 @ DLL £i#EZ 1y 713,
enhanced PLL6 F 72137 /N4 A0 #Y) 244 NIiZhLEM 7 ay 7 AJJE V12
LoTOHR VT A TUHEETT, Bz IE, PLL AN 1 v 7 B $AY 100 MHz
T, FTER I EEENT 266.67 MHz D6, FHAREKIZ8/31 220D 3, S0
4. 266 MHz OJEE o0 E NS4 DLL E#E 7oy 713, E0HEH 70y
2 ANBDEYTH FI4 7 TE% WD T, enhanced PLL5 F 7213 enhanced PLL6 T
FIAT LTI A

T4 =K 770y 2 3MEFEF v THSBNENTELL Ty TIZREDLDT,
— 2Ty FWREL bz, DLLE#REZ NI TTEDIZT 4 — KNy 7 -
70y 73R LAWTL 722 &V, YAFAPLLIZ My 7Oy ba—S5 20 L
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alz,3aryra—5 - 7L VIZBIFAPLLY YV —ADHEZRLET, =
OEIEEDPLL 7 v 737 0= /) =Y aF -y y—RL L THEHASINS
PHRLTVET,

4. PLLYYV—ZDEV)HT

C5 resynch_clk_1 R29 c
< £
£ ¢ C4 resync_clk_2 R30 5 2
g — = » D E—
2 % S8
g 8 © C3 mem_clk_dedicated R31 © a ¥
s O 4 —> | - o
s = T |le—3
= < C2 resync_clk_3 G14 < °
8 i —> B — & €
E C1 wr_clk(-90) G13 R14 fb_resync_clk_3 C4 8
g .~
Coclk G12 R15 postamble clkk 3 C5 o
C5 fb_resync_clk_1 R31
—> <
£ <
% -(_*c)l C4 postamble_clk_ 2 ~ R30
' —> <«
g 2
2 | -
s & - C3 o
° & = > 4— 0
5> g P
3 < C2 postamble_clk_1  R26 = D
3 —>» <«
B u @
X
] C1
fis} —p ]
CO fb_resync_clk_2 R24
— > <«

[4 4 D
(1) mem clk-dedicated &, FPGA 7% 1 ¥ CTld+ 7% 5 > CF 4% HardCopy®ll 771 7 —3 3 ¥ T clk_to_sdram /]
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M 4 2RTEBY, 31D enhanced PLL ZH$ 23413, 70—/ N)VESHY
V= AN TCEAE T K21k, 3Ty ha—F - TS U TlastPLL 72
X & ) A7y enhanced PLL 2§ 50512, M5 LENHLH L — K47
ZOWTHHALTWE T,

2

enhanced PLL & fast PLLOBED L — K+ 7

PLL OFIEEM

pEL

2 {8 ® enhanced PLL —

mAEb by T

TFINAZDWFTNDIPDY A KBS 4D0F v T 74 KDTO—NIESDHKS
1 JRBET T, 2 L. FyTDRMLIZHZ L bO—FICHTB VAT L -
y0Ov Y. 54 -0y BRARIEL7OY 7. 74— KNy 7BRRE 7Oy
I, BLUORIMTZTI - 70y 7R@IXNTITO-—NIL- vOy T EDEEL
¥9, ChiFERTELEHLYH 122 EVET, BRI/ OV Y., 71—
KNy vBREME Oy 7, £E@RXSNT7TIL- 70y 7D 1DEFIDA >
BT —REHRBTEIZEICL > TERTEE Y, 1275 L0 A=K LAT7T b
HEFHEh3ZEIChET, by T DDR A2 71— XICHTEITRTDOE
Rty 7. 74— KNy 7BRBILIOY 7. LRI T TIN -7
Oy 7727 )=3>ThIThiIERY £E A,

2 {8 enhanced PLL —
120 hy TT1DH AR b LA

VZXAFLPLLA2DDRA > 27z —XEHIZ by TICEREBEINIEE. R ML
AR TI—RIWTBIXTFL- 70y, 4 b0y 7, $LUBRHE
krvBy ik, 8= Xy bT—=JICRFA4TLEFNEESS, by T
T1207A—NNIb- 2y hT—=IHF T =) ET, 74— KNy ZPLLIC
. by 7ODDRA > Z T —RICELET BICIE. 4 DFARTOR ML - FO—
NI 2y NT—IDPPECT, YAFLPLLFY>YIDDRA 2T —2R
ERHIZKMNLICEBESINABE, VXFL 70y 7, 4 -0y, &
V2 O00BRE7OY 71k, FyTORNLASTO—NILICLETNIELRY
F€A by TDT4—KNyIPLLIE by THB2DDESE7AO—/NILIZK
SATTBEDHPEICENET, LD >T.2DDRAI 2T —XEF Y
TORULY A KIZT4— KNy 7 PLL #RRET2DOHEELWVMERTTo

2 {8l ? enhanced PLL &

1B ? fast PLL

74— K/Ny 7 PLLOBRIE. ERMICIUO /Ny 77 ANB L UHDEEDEE)
EWMETD-DDHBNDTY, 74— K/Ny U PLLIC fast PLL 2fEH§ 235413
by TR MNLTRELF v T RD IO 2FEALET, ThoDE 34
N BRLEB-OTHEBHTEIIEIRTEE A, fastPLLICIE 4 DDHPE Y
TUPEVWDT.3DDRA 27— XEHKR—rTBICIEZTNhE5NDIE2DL
EHPPBETT, 51 DOMEI. fastPLLICIEF v TORHMAICIES % K51
T3 (Thhb, EPSAZTLBAISEIIL) DD O—-/NIL - Xy T —
IPDELEDT. Ny TEERIRNLAICOAAZDENG HZEE.5RS51TF3
Wi, JO—NIUESEFERALEThIEES BVWAIEEMS H ) £ T, XEU - o
AT —ABCE 5Tl fastPLLE Y AT APLLE L CERT 32 EBAIAET T,
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F3TIE YATL -8y 7 (clk)s 74 b 278y 7 (wr_clk). BLUHE
FE#ft7 v 7 (resync_clk 3) 270 —/UIZ LT Gelk TEILLTWE T,
CNRYATL - Z7UyZ7ETA4 b 20y 7 TFy TOWTA FIZdHL 3200
A =T IXTCINIA TS ELENHY . L1EGVF v TDOLy THhH
FyTORNALTHHL TR b2DOHEIY bu—FOHEHELL I A% FT
AT LTI R b0, BRBEZ 2y 7 (resync clk 3) (&7 a—N
NVeHoTwET,

£3. 70y - UIY=ZRORALT X (1)

FE enhanced | vy —2x - ERS
PLL # 247
clk 11 JO—/Nv | 2070y 71E3D0DI Y

TICEESh/A3 o0
FO—5% K517 LEd,

write_clk 11 JE—=/NL | 20UBy7iE3 20T
TICEB&h/i-3 D203
FO—-5%2 RZ1TLET,

dedicated resynch or capture clk bot 11 JO—/NL | COESIETY T EERL

tom_right ZihiEa) €A,

mem clk dedicated 11 &L EH/7O0y VHAEZE R
AT B3-DICDHLE
Td, WATRHYELA,

dedicated resynch or capture clk top 11 y—oaFn —

_right

dedicated resynch or capture clk top 11 V—yari —

_left

fedback resynch clk top left 5 V—yari —

dedicated postamble clk top left 5 V=3t —

dedicated postamble clk top right 5 V=3t —

fedback resynch clk top right 5 )=+ —

fedback resynch clk bottom right 6 )=+ —

dedicated postamble clk bottom right 6 )=+ —

3D

(1) UV=YaFlh-ruayrBl0rua— 0L 70y 2T INLOBREIR, £ ba—F0532 €y PUTOIED DQ 1
71— ARMATOLEZIZEMELET.DQA Yy 72— AR Ey hE2I340Ey MEBABEEIE, Fy 7Oy 7
2R ML VA FEEIIRTET. 2OHE, FaT7h-U—YaFb - z2ay 7 2EHLATUEAY TEA, SHIES >~
5T 2= AW2ODTY) TR FEN 5720 TTPLLEM ) V= A TFTHA Y TEIZRRY) T U HITIo0r— A% R LET,
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DDR/DDR2 COETE, SOTFFA A0y bu—FOEEEEHAL . RO
DIELCHEIZ 5 4 3 Y 7 RN B DI LB A B A BT LTl b 7, S

SDRAM T T

XE .

. _ Quartus I 70 ¥ = 7 b #{EH L 721%. MegaWizard® Plug-In Manager % i/l L
O MEA—70) <DDR/DDR2SDRAM 1> kii—F %45 L £,

TS N | A L . ‘ :
& ML7uoyxzs bTH LI PO =T 2ERT LTI
MegaWizard Plug-In Manager %283 2 LEAH D) £ 7
g MegaWizard Plug-In Manager = fffl] L 72 SDRAM 2 > b B —J D35 x —F 1L

-® BIOEBIZOWTHL (1, [DDR 5 X ' DDR2SDRAM 2~ b —F - a2
AT =T A R 2B TS,

MegaWizardPlug-In Manager Z M L T2 7 2 KT 256, P04 <=2

VEETY,

B MegaWizard Plug-In Manager. “X— 3 2a

B [P Toolbench - A7 v 7 1: Parameterize - Controller ~X—

B [P Toolbench - 27 v 7 1: Parameterize - Project Settings "\ — 3
B [P Toolbench - 27 v 7 1: Parameterize - Manual Timings << —

MegaWizard Plug-In Manager X—<’ 2a

WMED T4 L7 M)iZay bua—J 2 El. BlziE, 7T I2 1 2 by 7,

b 91 2@ A P a2 ooarba— 3P bH 5L YA

<quartus_project_dir>/top_ddr2.v 3 & w <quartus_project_dir>/bottom_ddr2.v (2

DDR2 2> hO—=5 - X4 77> 2 var2ERLET. THEE<DT7 AL

ETRNTI2OT4 L7 MRS RVE ) ICT 2018 TEE T,

[0 220arytu—=I550407 17 F)IZERSNS & PLL 35O
Iy b —F &b ML AN (Adr pll stratixii B & O
ddr_fb pll stratixii) TA Y A¥ ¥ 2LE&NFF, PLL 1 ¥ A%
YADEHIRETR LT, THA VAT 2 003y hu—J i@l 4
ACZbnEIICLET, £/, Mol Tay -T2 HE
3% & PLL 7 7 A )V (ddr_pll_stratixii.v 33 & U" ddr_fb_pll_stratixii.v)
B EFEXEINLOT, KHELE T O ALY KT LEIH ) T3,
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=y

Controller X—2

a.

b.

=

arhu—J&2ART S L, MegaWizardPlug-In Manager 133 X 7 4
PLL & 74— /¥y 27 PLL® 2f8® PLL 45 L £ 3 2150 PLL
. 74 L7 ) top_right. top_left 3 & U bottom_right D 7 7 A
)V multiple_ddr2_top.v TA Y A% Y 2{LEhEd, 33> bua—7 -
THA Y ORE, SNHOPLLIE MYy 7LV - T A TS
W9, THA L DERIZE D, MegaWizard Plug-In Manager % {3
LT3 OOMI L7z PLLAERENE S SNHDPLLIZT 1 L7 b
1) pll_1_top. pll_2_top. # LU pll_bottom WIZEKINE T, 3 2
b= - FFEALA DIy TULRVOTFAL YT 7 AN
(multiple_ddr2_top.v) ¥ L C.PLLA Y A% Y A% ZN5H0HT)
Fede & P CHERE L T <728 0

DQSmode %4 Y IZL 3,

Use fedback clock #4 12 L 5,

DX T arPAr—TnENb L, GAELFIZ DQ Errbn
T Xy T FXYTHLLIAYIEIDOS #BIEL /255 Cruy 7 &
NFEFT, 9 ThWVEA, PLL TERSNZ70y 7B 7 %X v
7F v LET (Stratix ¥V —XDHA), DQS E— FIiZIEDQS E— F X
DhmEmeiEERIRAtL 3. JEDQS E— FTIE. DQ EV %41 F -
N ZICHETE L7720, LY FRKICEVAEETEET, by 7B &
ORML N7 EFP.DQSEF X BIESE T — - F—F % F v
TF v T HOILERMEEYR—-MLET,

DQS B L VIEDQS E— FIZOWTFEL <1F. [AN 328: Stratix [1 731 A2 L 5%
DDR2SDRAM 1 » % 7 = — A | #ZBHLTL &,

[@3

Insert pipeline registers on address and command outputs = % > (2 L

S

DOV T AH 1L 200 MHz OJF LT O MR % ER T 5 DICELE
FT, 2DF T I UL A —TNVENTNDLEE, T4 HF—FIZAE
V-aryha—5Lavry FBLUO7 FLARBDIZ A 754 - L
TAY - ATF—TERIFALE T, SO T arEF T AL, O—
HN-A %72 —AT local read req %721 local write req
BERTHY—PEINTLOERXAE) A V¥ T2 —AITFLA / ax
YEBENDL T TOMIC AT RLAT V- 2 upsEmEhE S,

Clock address/command output registers on the negative edge %+ ~

ZLET,

1"
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I's COF Ty a ilE. T RLABIYax Y FEFOMDY 43I0 7
FHIBLLT, AE) - FNA A0y T v TB LUk — )V FEAE R
Ty eNTETY, L. TRLA / avy R -4 7O
HOZ A IV TN ZFET LT ER ) $HA, —fRIC, Z0F 7
¥ a3 1 200 MHz DL L CEIfET 5 Stratix IL 74 ~ # BT, 4~
LET,

Project Settings N—
HET A2y ba—=FFERLTVLHEIZ, T3 ADTXTO Y ¥ OIEHEIH

YeZmizmLEST. INEITH) 2 L2, H 512" LB, IP Toolbench
Zarra—=90 by FTLRXVOY Y AORHNI, G254 AL ET,

%] 5. Project Settings N—3

& parameterize - DDR2 SDRAM Controller

Pressts: | Custom | Clock Speed: ._-133-3333 | Mtz (700 ps)
Custom memory device Device: EPZ2390 F1020 C4
Memory | Controller | Controller Timings | Memory Timings | Board Timings | Project Settings Manual Timings
Example Design Settings
Automatically apply datapath-specific constraints to the Quartus IT project
Update the example design file that instantiates the controller variation
Automatically verify datapath-specific timing in the Quartus II project

[] Update the example design PLLs

‘ariation Path
[] Enable hierarchy control

Hierarchy path ko the datapath: |
Complete path to your controller datapath, excluding the top-level entity in the Quartus II project,

Turn on so the wizard skips the hierarchy analysis of your design and reduces the generation time.

Device Pin Prefizes and Names
Pin name of clock driving memary (+): | cik‘_to_s:ir‘ém[‘ﬂj“
Pin name of clock driving memary {-): | cik‘_to_s:ir‘ém_nlfd‘]

Pin name of fed-back dock input:

Prefix all pins on the device with:

‘“when instantiating a single controller, pin prefixes are optional;
Far mulkiple controllers, pin prefixes identify each variation's pins.

é) ép‘neeﬂ“éra&é  used For ana‘l‘;'.sis

5, Board Timings: You have sslected one or more defaulk board trace delays, Please modify 'FPGA Clock utput..' and Memory DQYDQS. ! fields to reflect requirements
é) Clock period used For timing setup and analysis is 7500 ps.

é) Far a 'Custom' memory device, please ensure that your chosen CL is compatible with your clock speed selection

<

Show Timing Estimates Advanced Mode
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23 ba=F - THA L OhE:
a. ddr2 bottom
b. ddr2 top_

PLL fi#H% 2 TZH L 72 ), PLL MegaWizard Plug-In Manager % ffiH L CT#itk
L3 id 7% 6 2 WA 1d. Update the example design PLLs %4 712 L £ 9,

[[s>  Update the example design PLLs * 7> a ¥ &4 Y IZ L7235 G,
MegaWizard Plug-In Manager T® PLL & UZAHOZE R &, PLL %
FENZ HERYIC SO & 41, PLL MegaWizard Plug-In Manager THzA % #f
FTHLEEIH) A
Manual Timings X—3
a. Manual resynchronization control =7+ X 12 L £ ¥,
b. Manual postamble control &+ 2L £7,
c.  Enable DQS postamble logic %+ »1ZL 7,
d. M 6127”3 & 9 12 Resynchronization Options t 7 ¥ 5 > & Postamble

Options £ 7 ¥ 2 ¥ @M /|2, #Y)7% Dedicated clock phase iXE % A
DLET,

13
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6. Manual Timings X—%

& Parameterize - DDRZ SDRAM Controller

Presets: iCustom v| Clock Speed: | 133.3333 MHz {7500 ps)

Custom memory device Device: EP2560 F1020 C3

Memary || Controller | Cantraller Timings | Memary Timings | Board Timings | Praject Settings | Manual Timings|

Resynchronizakion Options-

Reclock resynchronized data to the positive edge: Inutomatic w

Manual resynchronization contral

Resynchronize captured read data in cycle: |3 w | Dedicated clock phase: }E |

Resynchronization clock sekting: ' dedicated clack w | Fed-back clock phase: | |

Insert intermediate resvnchronization registers

Postamble Options

Manual postanble contral

Enable DOS postamble logic

Insert intermediate postamble registers

Dedicated clock phase: | z70 |

Postamble cycle:

Pastamble clock setting:

Timing Analysis Options -

[ Use the results of the last compils bo estimate setup and hald marging

£ Speed Grade €3 used for analysis
3¢, Board Timings: You have selected one or more default board trace delays. Please modify 'FPGA Clock output..' and 'Memary DQDGS. ' field
¢|) Clack period used for timing setup and analysis is 7500 ps.

¢|) For a "Custom' memory device, please ensure that your chosen CL is compatible with wour clock speed selection
T The read data resynchronisation settings used were selected by the user {Manual Timing tab).

T The postamble control settings used were selected by the user (Manual Timing tab.

3¢, Warning: One or more timing requirements not met. Click ‘Show Timing Estimates' for more details

< | d

[ Show Timing Estimates advanced Mode

s woic, Zzuy ZMIGEL 2 EBEZ AL, R TERS D% DTW
FAIVITRAZ ) T P CERT LI EHNTET T,

TS N—VRREILDWTH L 1. [DDR/DDR2 SDRAM Controller Compiler User
- Guide| ZZLTL7ZE v,

14 Altera Corporation
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RTLO—RKDEE

RTLa—F®
ZE

Quartus Il O
= DYA @IV

2o0F72F3o0arru—SERAERKLE, b0y ba—FFHELT
by ZTLXNVOT 7 A NVEERLZTNERD FEA M1BLOK 212, 2 F
720330 0 =5 - FHEA DO FLNVOTFHFAL VERLET, 2 OHU
ERERIZBEZEDDIZ, 2BX 33 a—F - FHEL CVWEDO Ry T LA
W 77 AUHRBEENTVE T, EEFEEPINSAEHBLTHAY YA X T
LUENHY T,

kv TLAV - 77 4)0 (multiple_ddr2_top.v) (ZfTh N7 ELEEIL, LT
LBYTT,

1. 3 OFRTOA¥ ba=IH50 pnf MHITE, BZLZEFE LT, DT
HHIAMFT BN TN E T,

a. pnf top right
b. pnf top left

c. pnf bottom right

2. pnf per byte[0:7] i3 5 pnf_per byte top right |
pnf per byte top left | pnf per byte bottom right DORTT,

3. test completeld, /5% test complete=
test complete top right | test complete top left |

test complete bottom right ® OR T,

=

PLLB XU DLL#ERA M 1 BLO 2 1R LET,

WRMERE A EWN T 572012, QuartusIT V7 MY 2 7 DF 4 TR TikEXMH L
BT ER D FH AL

% 4. Quartus || CRAMBEEZERT 57-ODELERE (1/2)

N—T %

B

XA

S

Analysis and Synthesis EXE

Optimization Technique £ 2 3 > . Speed Z#IRL £ 7,

Fitter MEXTE

AL RYTL a1 €92 3> TlE. Optimize hold timing
FT7aEFTICLET,

Optimize fast-corner timing 7 7> 3> %24 71L& ¥,

Fitter Effort % 2 3 > . Standard Fit (highest effort) %&R L £ ¢,

Altera Corporation
2007 7R
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£ 4. Quartus || TRAMBESER T 2/-00FLHE (2/2)

N—S%

BRAE

Bl

Timing Analysis &X7E

Timing analysis processing 7 < 3 > T. Use TimeQuest Timing Analyzer
during compilation % 7: |¥Use Classic Timing Analyzer during compilation

EBRRLET, (1)

F 4D

(1) 77T Tlt. TimeQuest ¥ 1 I 7 - 7FHIAFOMHAEIHERL T T T,

I/O FRI&D
THA AR

/0 iLED
THA X2 b

16

# L < i, [DDR Timing Wizard User Guide| @71 >+ 70— -+ r ¥ a
DA T v 7 4 [ Add other assignments for the design] %S L T 728w,

#ill#17 7 4 )V auto_add_constraints.tcl Z$2At LT, I/O &2z FF L Dty
TLA - ECEIYBTES, ZOT 74 VIE, Boar ta—SFAEKL
TWAMICHBMICAER S, 7, Y CEASNEI Y ba—50 4d 774
VA~ ) 77 Ly AP EENTE T3 3 b — T8l o%E
auto_add_constraints.tcl 7 7 f WIZLLTO7 7 A Va2 L 3,

top_right/add_constraints_for_ddr2_top_right.tcl
bottom_right/add_constraints_for_ddr2_bottom_right.tcl
top_left/add_constraints_for_ddr2_top_left.tcl

THA L BIOa 2L WDV TFEL < 1d. [DDR and DDR2 SDRAM Controller

User Guide | #Z M L TL 728w,

TRLA, 7=, BEIDdgs BHHED MYy TLRVOY » 2 biEWT/ON
CUICEY B TET, HlZIE, top_right I¥ PE—=FD by TLXLVOEF
% 1/O Nv 7 312, top left I¥ FO—FEH% /O NY 7 412, ZL<T
bottom right I hO—FfF5% [/O/NV 7 7IZEH ) HTET,

clock source % Al6 |2, ddr2 top right fedback clk in % Al17 I,
ddr2_bottom right fedback clk in % AMI16 \ZE ) B TFF,

[0 IhHoEYZERLZZOE. N4 7L Tw5 PLL LM LT/ A
DY A FIZHLEHI/ 0y 7 AJEY ThHLH20TT,

Altera Corporation
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DTFoHA F74 216> Ty clk to sdram BL U sdram n ¥ ¥ & FT_TH
NETET,

1. XEY AV T2—AERMUNVZICHAERA 7Oy 7 - V- R7,
ZLUTICRRLE T

a.

b.

C.

d.

2. AFY A I T2—RAERUETNA A -H 4 FOBEH oy 7 - ¥ -

Bank3 = CLK14p/n 3 L UF CLK15p/n
Bank4 = CLK12p/n 3 L UF CLK13p/n
Bank7 = CLK6p/n 3 & UF CLK7p/n

Bank8 = CLK4p/n 3 & UF CLK5p/n

To BlELUMIZRELE T,

a.

b.

e.

f.

by 7oA F= cLK12/13/14/15p BLU'n
PLL5 OUT[2..0]p B L Un

PLL11 OUT[2..0]lp BLUn

AbhL A F=CcLk4/5/6/7p BL U n
PLL6 OUT[2..0]lp B&LUn

PLL12 OUT[2..0]lp B &L U'n

FFALAY AT, RiZay ba—FLFELHA BT, @Y LEBE S - <7
LIS,

¥ Y reset n. test complete. pnf. BL U pnf per byte[7:0] DfF%H
Bra—Y ¥R EELRNEIIC, SNHLOE Y EH A F - N 5BLT
6 IHCEL 9

=y

A3V TERDPEETHWRENHLDOT,.ZNEDOE VIEIXFIET 5

I PO—FPoETERWAEICEE L TSN,
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72, HEOAEY) A5 Tx—A -2 A —F5FEETLOIZFEEL
P2ATy TRERHT LTy —bERLET,

7. BROAEY - A42271—X - A O—-52FETEILHDAXTYT
Create Quartus
Project
Generate the
Controllers
Create the Top
Level File
Add Constraints
Set Quartus Il
Compilation
Settings
Assign Pins
Through Pin
Planner

KOAT v 73 DTW (DDR Timing Wizard) ®%A7TY,

[l  Quartus MegaWizard Plug-In Manager T/ER S N5 5 A I ¥ FffT A
77 & (auto_verify_ddr_timing.tcl) (£, V—YaF N -0 v s
PHEHSIN TV E &I, B oay o —FTEBELZE A
Quartus IV 7 b7 =7k, UTFTOZT— - 2Avt—I%ERLET,

Error: Evaluation of Tcl script auto verify ddr timing.tcl

unsuccessful.

Error: Quartus II Shell was unsuccessful. 2 errors, 8 warnings

Error: Quartus II Full Compilation was unsuccessful. 2 errors,

774 warnings

18 Altera Corporation

2007 %7 R



DTW X7 U7 FDEIT
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DTW
A9VT D
=T

THLD
mBYAT |

DTW
24327
R
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Zo7uY s bTEL L OMED D L7280 DTW 2 LT 2 & v, DTW
122V CHEL < iE, [DDR Timing Wizard User Guide] #ZH L T 72 &,

DTW A2 ) 7' M %5473 51214, Tools A =2 —® Tcl Scripts ¥ 7 1) v 7 L9,
dtw ZERL 5, 40 EFHFOEI Y PE—F I LT, M2 L7 *dwz
TrANVEERLET, BIzIX 33 va—F - TS L TUE UTFo 3
ODT 7 ANVHBERENT T,

B top_right_ddr_settings.dwz
B top_left_ddr_settings.dwz
B bottom_right_ddr_settings.dwz

DTW% A I ¥ Zfft A 2 1) 7" b OB OWTEEL < 13, [DDR Timing Wizard
User Guide| ZZMH L T 728w,

DITW 22 ) 7 MEIFHA VHlf%E SDC 7 7 A VOERTHEHALTHBY . 2Ol
K77 ANETHA 2 a3 VT BRNCTYA - 7 7 A VBT 5%
BHH FET,

DTW% A I ¥ ZHfT A 7 1) 7" b O HEEIZ DWW TEEL < 13, [DDR Timing Wizard

User Guide | #ZM L TL 728w,

INTTHA Y IFITRTOFHEZREL I NINVENE LT ¥4I 7D
W7z SNTh &) el T 2 LENH ) 7,

Il DIW OABLUSY A I VBENOEFTHBEIZOWTHL I,
[DDR Timing Wizard User Guide] &M LT 728w,

A~ Y K70y T hPCUTFTOAT Yy TH2ETLET AZ YT H
dtw_timing_analysis.tcl 7 7 4 Vi, QuartusII 72 =7 - 74 L7 b1 IZ
HYFEF,

quartus_sh -t dtw_timing analysis.tcl -dwz_file
top right ddr settings.dwz

quartus_sh -t dtw_timing analysis.tcl -dwz_file
top left ddr settings.dwz

quartus_sh -t dtw_timing analysis.tcl -dwz_file
bottom right ddr settings.dwz

AT NEEF LR, 32540 - LE- 2B U ThALHFUTBEWT, ¥4
I VTR R A BGEL 3,
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DIW A2 ) 7 M, 8IRTEBY., ¥4I VIl ENAro 728/,
WIATEAT ) IOV T ORI L 3,

X1 8. DTW XV U7 bDEA I TDF#M

sing Tools Window Help =

‘Nvufcontrmlers j Y oEEG e GG k&8 A e
& Compilation Report - R ded Settings ]
% Compilation Report Recommended Sel

S B Legal totics i lock |Mew Clock |Curent [Mew [PLL
EES Flow Summary Ehi Cycle Phase | Phase |Mame
é@ Flow Settings 1} Fed-back clock 2 285 287 ddr_bottorn_pll_fb_strativicg_stratiepll_ddr_fedback_pl_inst_bottorlaltpll: altpll_c
&HEE Flow Han-Defaut Global Settin [ 3] Aesynchronizalion clack 2 4 13 114 |ddr_bollam_pl_stratixicg_stratispll_dcr_pl_ins!_baliomlaltplt atpll_component|_t
&EB Flow Elapsed Time [3] Sustem Fostamble |2 3 180 0| dde_bottom_pll_stiafidig_stiatispl_ddi_pl_inst_boltomlaliplkalpl_componeni|_«
S FlowLog 4] Postamble 1 2 [IE] ddr_battom_pll_fb_stratisiiq_stratispll_ddi_tedback_pll_inst_bottomaltpl: altpl_c
&0 Analysis & Synthesis — =
5 B partiion Mergs 5] cricks N N i 19 ddr_battom_pl_stratisit a_stratispll_ddr_pll_inst_bottamlaltplt sitpll_component_c
- ZJ3 Ftter 6] wrte Capture N N 90 86 | ddr_battom_pl_stratisicg_stratinpll_ddr_pll_inst_bottomlaltplk altpl_somponent|_c
& ém Assembler [ 7] Address/Command N4 M 1] 15 didr_battorn_pll_stratiziz g_stratizpl_ddr_pll_inst_bottomialtpll: altpl_component_t

&1 Timing Analyzer
= &Z=3 Memory Interface Timing
=& ddrz_bottom {ddrz_bottor
&SHEA Timing Summary
A Recommended Settings
&R what To Do Mext

PIOIWRTEBY . —fISH A ZIVREPLETT,

X9 YAUILEHEE

rs_updated/ddr2_top/two_controllers - two_controller:

sssing  Jools  window  Help

two_controllers j ¥ BES L7 T S DR

f @ Compilation Report - What To Do Next l
3 @a Compilation Repart What To Do Next
SR Legal Notice what Ta
ST Flow Summaty Do Nest
ég Flow Settings 1 Adjust the clock cycles as recommended
&HEE Fiow Non-Defaul Global Setting [2] = Chanse one of the fallawing options:
SR Flow Elapsed Time 3] a] Flen this script and add the -auta_adjust_cpcles option.
é B FlowLog ? b) Open DT, update the clock cycles manually, then rerun this script with the same options.
+-&H( Analysis & Synthesis =
. él“_'l Partition Merge E Thesze options do not change clock cycle settings in the 1P Toolbench
&30 Fitter E = I necessary, update clock cycle settings for these clocks in the [P Toolbench:
+- &5 Assembler 17| Respnchionization clock and postamble clock
+-&H(] Timing Analyzer

- &3 Memory Interface Timing
- &3 ddrz_bottom (ddrz_bottar
ESHER Timing Summary
ég Recommended Settings
SHER what To Do Mext

T A7 VBRI, UTORATy 72 FETLET,
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quartus_sh -t dtw_timing analysis.tcl -dwz file
top right ddr settings.dwz -extract tcos ignore
-read_side tg -auto_adjust_cycles

CDAT Y TIEH A 7 VERETLLENS LA, 5T 4,53 ha—F12
FLTITbNLET, DTW A2 ) 7 b OFAT#, Quartus 11 V7 b7 = 7RI
EAT) WORENFE T,

YA 7 VRER, ROAT Y TE32FT_RCoOray 7 ONHEZFHELT L2 LT
9o T IP Toolbench T, F7213AIE3 5 PLL OfEEAME L TITH 2 & 28
TEFET,

—E, AR AT 2L ROAT v T LW PLLA T A v 2 a3
VLI ETT,

quartus_sh -t dtw_timing analysis.tcl -dwz_file
top right ddr settings.dwz -extract tcos no -read side
tqg -after iptb import and compile

PLL AR M T O N2 3 _Coay ba—J12x LT, BIDAT Y T E# DK
LETe 3 203y ba— I3 _XCUMHRAESTObNEE L, DIFORNIIR
T, IO NIE—ELETFETTE, ¥4IV TBITIE3>0ay bo—
FIxLTETTEET,

quartus_sh -t dtw_timing analysis.tcl -dwz file
top right ddr settings.dwz -extract tcos no -read side
tq —after iptb import and compile

quartus_sh -t dtw_timing analysis.tcl -dwz_file
top left ddr settings.dwz -extract tcos no

quartus_sh -t dtw_timing analysis.tcl -dwz file
bottom right ddr settings.dwz -extract tcos no

COWE, THA 3@ ANV LR TLTAET,
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N> JIVSa— DIWAZYTFTREENLTNTORAT y TRIATLES T AT A A=V 3
— N VoLV AY BT RIS LGEE [TAT A A=Y ay LY AYICH
T4 W5 2R ISR EBY . inter rdatal*] b3 BHICERENET.

BI11. TRTF 12— 3> - LYZZICHETBER

ddr2_bottom right:ddr2 bottom right ddr sdram|ddr2 bottom right auk ddr sdram:ddr2
_bottom right auk ddr sdram inst|ddr2 bottom right auk ddr datapath:ddr_ io|ddr2 bo
ttom right auk ddr dgs_group:\g datapath:1:g ddr io|inter rdatal[5]

inter_rdata[*] #EX % %W - 72354 13 Manual Page i ED T 12& 5 Insert
intermediate synchronization registers = 7> 3 Y Y)Y H 2 9, ZOREN
FYOBEFF 7L A TOHEIA VILET 101, ZOF T v a v
F o TnDEIAERLET,
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10. F v 7% L TOPREBRLMEL ¥ X2 DEA

&) Parameterize - DDRZ SDRAM Controller

(M= Micron MT47HESM 16 4 % | Clock speed: | 266.0 MHz (3759 ps)

2 of Micran &4Mbit x16 DDR2-533 chips Device: EP2590 F1020 C3

Memary | Controller | Contraller Timings | Memary Timings | Board Timings | Project Settings | Manual Tlmlngs|

Resynchronization Options

Reeclock resynchronized data ko the positive edge:

Manual resynchronization contral

Resynchronize captured read data in cycle: Dedicated clock phase: El
Resynchronization clack setting: dedicated clock “ Fed-back dack phase: D

Insert intermediate resynchronization registers

Pastamble Options
Manual postamble control

Enable OGS postamble logic

[] Insert intermediate postamble registers

Pastamble cycle: Dedicated clock phase:
Postamble clock setting: | dedicated clock v Mumber of DS delay matching buffers: l:l

Tirning Analysis Options

[] Use the results of the last compile ko estimate setup and hold margins

&2 Clock period used For timing setup and analysis is 3750 ps.

Show Tirming Estimates Advanced Made

i ct: &) ZOT7T)r—ary - J—MIRT LS IC, DDR/DDR2 SDRAM I > b o —
SEMHLTEEDaY ba—F - FWA U2 ERT 2 HEPEEDH D 9. 2
OTTVr—ary - /= FTlE, 2 BEOEKa Y ta—F - TH¥A O
B ERB L OEEEELDILE LR ATy TIZOWTHAL TwEY, 21—
B FHEAL N7 TV —ay - J— NTHB LN & B 554613,
HARITA NG, BEIE U CTHEYZET2THh 2T R ) FHA. B
A AV F T 2= ADEMEHIRZFHAIH->THLE, TVRVWI AT A
ARBETET T,

Altera Corporation 23

2007 %7 R



HHDOL A — DDR/DDR2 SDRAM A hA—5 + 1247 1 —ADELE

KETERE

K5I, REHOUETREZ R L E ¥,

x5 WEIEE

Bff& K¥Fax>pk-

N—=o3>

EEAR BE

2007 F£7 A v2.0

[ELHIC|DEEEH. (70217 bDOFKEL [DDR —
SDRAM O> hO—5 MegaCore 7 7 > 7 > 3 > D
Bil.[My LA FTHELL - T ILDREL 4
¥oemnl. [f18] OB (BLUEET 21B) #HIkR.
Bk LAB% [FH1OFM]. [FH1 08,
[DLL U v —XXD#EFIEIE]. [PLL UV —XDIRETE
1&]. [DDR/DDR2SDRAM X E ! - 3> hA—-5DA
> 24> Z4{k]. [RTL 3— FOZEE]. [Quartus Il ®
a2 SI] WO BBDTH 1 > %> b, [IIO &
DF7HA A N, [DTW X7 T FOET].
[FHALLDA LIV [DTW 241 2 > T8I b
FITN a—FT1 T [£&EDH] ICBEH]Z,
FTRTOREHF LVWRICEZHRZ,
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