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®1-1 RiE. FEEIE

Rig. 4iRiE | & B

FIFO First Input First Output Jeit e th A1
IP Intellectual Property FR=AL

RAM Random Access Memory BEMLAT AT 5 2%
LUT Look-up Table AR

GSR Global System Reset 2R RGBT
ECC Error Correcting Code ik 2 AN I

1.5 FRZ SRR

ez PRSI AT REEOR SR, AR A IR rP QA A A 5 ) B A
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Gowin DDR2 Memory Interface IP s&—-Mifi i ff) DDR2 WA7# 11 IP,
54 JESD79-2F bt - % IP 52 DDR2 17 4% il %% (Memory Controller,
MC) 5%} FE )28 (Physical Interface, PHY) #it. Gowin DDR2
Memory Interface IP JyFH et — M@ M ar &3 1, 5 WA T 31T
HIE, TERHPRIVIETRRK,

&R 2-1 Gowin DDR2 Memory Interface IP

Gowin DDR2 Memory Interface IP
O SR GW2A-18. GW2AR-18. GW2A-55
W BHR B2 W3K3-1
AT A

WS Verilog (encrypted)
SH Lt Verilog
TestBench Verilog

MR
LRe AT Synplify_Pro
N FH A GoWwinYunYuan
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1

T H GW2A-18. GW2AR-18. GW2A-55 45 FPGA #&1f;

fe 5 TollAR#ER) DDR2 SDRAM #5441 E A JESD79-2F FI i e 25 [P AL Bk
B,

DDR2 MC 5 PHY ik Eb A 1:2;

YR A B IR 12 55 N 84 164 24, 32. 40. 48. 56. 64 fl 72 fif;
Y% RDIMM. UDIMM 1 SODIMM P £ R 3 ;

CFE x4, x8 Fl x16 —FhEE T8 B I N A7 s

Al gmFE R KK JE 4 5% 8;

¥ ¥F ECC;

Al fic & CL;

Al E A AL;

T E T teaws

T Y trass

T & Y treps

T B Y trecs

T e & Y trro;

A E Y trps

AL E T twTr:

YEFENAS A 405 ODT 4%

SCFEE SRR S SR, E 3 R R T .
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Gowin DDR2 Memory Interface IP 1] 37 £ff) DDR2 SDRAM %4z i# %

533Mbps. KK KN 4, i 5 A% 50%.. K AE N 8, i i A 9 90%.
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3.3 BHEAI

3.3 HIEFIA
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Gowin DDR2 Memory Interface IP i#iid Verilog &5 528, NMAHAT &
PR I 2% 3-1
B, AREHAE = FPGA FRIMNHIE, 5XEFHAMER.

GW2A-18. GW2AR-18. GW2A-55 %% 2 %] FPGA,

o

>N S

= 31 HEFIRBER
s P
DQ WIDTH LUTs REGs /O f MH "
Q_ MAX( Z) %ﬁu ég&
8(x8) 1061 1009 151
16(x8) 1312 1365 231
24(x8) 1557 1721 311
32(x8) 1639 2077 391 6
266MHz GW2A55
40(x8) 1845 2433 471 (533Mbps) | GW2A18 :g
48(x8) 2060 2789 551
56(x8) 2271 3145 631
64(x8) 2483 3501 711
72(x8) 2694 3857 791
!

7£%% 3-1 1, Gowin DDR2 Memory Interface fit & ] /2 #idik %6 & 4 27 £7, DRAM WITDH

N X8,
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4.1 BARGER,

4.1 BEELER

Gowin DDR2 Memory Interface IP JE AL RN 4-1 fion, FEAH
Memory Controller. Physical Interface ¢tk . & 4-1 H1[1] User Design /&
FPGA % 5 4hi DDR2 SDRAM it BT 42 (1 F it

4-1 Gowin Memory Interface IP 1)

User
Design

rst

clk

addr

cmd

cmd_en

wr_data

mask

VYVYYVYY

wr_data_en

wr_data_end

VY VN

cmd_ready

rd_data

rd_valid

rd_end

A A A 4

4.2 Memory Controller
Memory Controller /& Gowin DDR2 Memory Interface IP () 3= E 12 {45
e, fiF User Design 5 PHY Z[i]. Memory Controller #2Y5Ck B FH F#: 1
fam4 HubkS5EdE, FEL R —E AR AT 76 -
P RIERS . 524414 1E Memory Controller kAT HEF, LA &%
P A I T R % A SIS 1A] 2 3 4E 3R . Memory Controller #2513 hik 5 $dE i & 3%,
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FEiEIT PHY #:Uf DDR2 SDRAM iR Al R, 2Rk E shikiiE.

Memory
Controller

FPGA

ddr_addr

——>

MC/PHY
Interface

«—

Physical
Interface

ddr_ba

ddr_ck

ddr_ck_n

ddr cs n

ddr_ras_n

ddr_cas_n

ddr_we_n

ddr_reset_n

ddr_dm

ddr_dq

ddr_dgs

<
<
<
<«
<

ddr_dgs_n

<

VVYVYVVVVYVYVVYVYVYVYYVYYVYY

DDR2
SDRAM
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4 YyReHiA 4.3PHY
4.3 PHY
PHY $24t 7 MC 544 DDR2 SDRAM 2 8][4 FE 2 & X 5311, ik
KB MC WAEEHIZR a4, JFH DDR2 SDRAM $22 42 L3 & i) 55+
ERME S
PHY HI2EAREM W 4-2 fiow, FEAF YA, 7 5 AW A sk
Bmeg. a2 bk imE Al 110 B,
4-2 DDR2 PHY A %aE
PHY
HREs >
%n;l;w
Memory B > < . o DDR2
Controller VO 78 < » SDRAM
ﬁé\‘/mﬂt
plmem [ >
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4 IREH 4.4 FEIRE

4.3.1 ¥R ET
WItE A 3 2252 1% DDR2 SDRAM | HLJE AT IE AL RISERe . 78 52 %,
B SR HEZ J5, 15 5 “init_calib_complete”2 FHKAS &, FE R~ HEA
WIEA 5E K
R
&8 JESD79-2F BhilAwitE, - H 5 75 % DDR2 SDRAMCHiki gt DIMM)
AT WA, EFEEEAL. BrEERE. B AR E & ZQ KHEST .

4.3.2 PR BHEE T
FH 1 B LR B A A s s R

4.3.3 =B AT
i A I HE R R G N B FE R, BRI MC BRI A SIS B, IS
WE MRS, M5, AR TS, I RIES 110 ik,

434 /O ZBHE T
/O I8 HE R 3 T R o B B oy & Hb S8 6 s 3 3 SR PO o
HiHE A7 I s PR

4.4 FEIhRE

Memory Interface IP nJ S8 LR T &g
DDR2 SDRAM %ﬂﬁﬁ‘ﬂc;

RiEHNE. 4

B

e

Fill 87 5

4.4.1 ¥R
DDR2 SDRAM & i B EBAE A BT IE 1S . 3e8dE. Bk b
H 5 PHY 2% DDR2 SDRAM AT WIS HERRAE, WI464k 5¢ A5 IR [F1 4]

Gk 5 bR & init_calib_complete.
W1k 58 e e P IR R E e LS 5, il 4-3 Fis .

4-3 MIEa e s S i
clk 1S T T S % S A S A S O S O o
init_calib_complete \\ /
44.2 Rt 5 &<

F Pl addr. ecmd. cmd_en ZH 7 8 O R IEEAE a4 S ik
o addr bk HE i 1
o cmd AN H w1
e cmd_en NHlE S5 ARG S, mHE AR

FERN A, H PO Rk 24 5B N7 Bank. Rank. Row.
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4 DhRefEid 4.4 EEIhRE

an)
[a{ay

Column Z [BIfFfE—E ML R &R, TEARE I, %
Bank-Rank-Row-Column F)JI 73T EER, HF-0k 7 = anf 4-4 4R
RIRBISI IR Frac. APAENTHE, NEZRE bR .

4-4 Rank-Bank-Row-Column JiiFEF Ut SR

AL AlAaA[alA]A
User nlo T e 504321 0
SDRAM |Rank Addr| Bank Addr Row Addr Column Addr

R IE emd S RN A W3R 4-1 o

F41lcmd %

fir A cmd[2:0]
Read 3'b001
Write 3’b000

FEFH P8 M, a4 Hibk RAEREE 5 2 1A i P & 4-5 Bk,
cmd_ready Ay P, o MC AT RAZ I 4 i@ 7T EAAE A MC FIFO Hr;
#r cmd_ready NCHES, ¥ MC B ekl 4.

2 ecmd_en NER, I H) emd 5 addr B2, &7 cmd_ready 7EAGHL
it emd_en 2 A, T emd_en. cmd 5 addr 75 4k 4R H £ cmd_ready
N, AR a2 IEE £ MC.

4-5 . iS5 ERESHRFE
clk 4 4 4+ ¢ L £ L+ L ¢ 4 L4 L& & L 45 L5

cmd CMD CMD CDM CMD CHD CMD
addr ADDR. ADDR ADDR ADDR ADDR 4 ADDR
cmd_en

cmd_ready

143 E¥iiE

F P aliEE P #0 wr_data. wr_data_wren 5 wr_data_end £ [
W5 $d K% 45 Gowin DDR2 Memory Interface IP, 534 it b3 5 £ k&
%% DDR2 SDRAM.

e wr_data N5 FHf i 11
o wr_data_en NEHIEERE 1, 5y m AP R8RS Bl A 2
e wr_data_end fi/REUFAIRAKIET, HARICHEIE KPR 5 H R

Ja A
o {EEHEIMIE T, 4 wr_data_rdy M LT, FoR MC AT RLEEI S $Y
¥

e {t wr_data_rdy AMEH PR, A KIE T SEEE, B2 wr_data.
wr_data_en 5 wr_data_end 55 ‘S 4EFF, HZ wr_data_rdy A&,
WK 4-6 Fis.
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4 Yifestiik 4.4 FEIEE

) 4-6 S¥iEH O R
1 2 3 4 5 § 7 8 g 10

clk 4 4 4 4 4 L+ L F L& L4

cmd WRITE WRITE WRITE

addr ADDR ADDR ADDR

cmd_en

cmd_ready

wr_data_rdy

wr_data DATA DATA DATA

wr_data_en

wr_data_end

GRS S A I 2 [ AFAE P O, W 4-7 s
o HHUELE A RN KL
GRS LI i & T RO
o EUIRAERN NN E A & ZJE K%, BE Hd I EIR B EAN RE 2 4
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4 Y)REHI

&

4.4 FEIRE
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B 4-7 FREIAA T EREEES & SEENFE

clk

cmd

addr
cmd_en
cmd_ready

wr_data_rdy

wr_data

wr_data_en

wr_data_end

wr_data_1

wr_data_en_1

wr_data_end_1

wr_data_2

wr_data_en_2

wr_data_end_2

4

CMD

ADDR

9

£ L L LfF L FLF L fFLF

DATA

DATA

HT MC 5 PHY e Ly 1. 2, 4P ECE R KK N BLS I,
AR P clk B, ] 4-8 BRI R B 5 AR Frs, H wr_data_end

i L S R 12 A AR, DR S B Al
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4 ThREHR

o>
[y
[

4.4 FEIRE

1.4.4 {E¥HE

& 4-8 324K E 1 BLS M EXIENFE

clk ¢ 4 %5 4+ 4+ L+ L+ L4

cmd WRITE

addr ADDR

cmd_en

cmd_ready

wr_data_rdy

wr_data _DATAO XDATAL
wr_data_en

wr_data_end

P aliE P 8210 rd_data.rd_data valid 5 rd_data_end 25 DDR2
SDRAM & [5] {1 34z .
e Uil rd_data iR [A] i1 s v 5
e i 1155 rd_data_valid e A 2om 1, HH AP, 57t
IR B rd_data A 2L
e il rd_data_end fE/R7E 4 HT R KK N R A & e — 4 30E, &H
PN A R
Y S 2 A HUIEIE, K e HR A 1 A B b I A R [R] A
VAR €/

& 4-9 =3B O B
emd READ \ READ X READ )——}
addr ADDR ( ADDR X ADDR ()()
cmd_en i\ i\
cmd_ready
rd_data ()3 DATA { DATA
rd_data_valid i\ ) \_
rd_data_end « § N
5 5EAER R, BT MC 5 PHY BB BRELGI N 1. 2, 24/ P E 5
RAKE )y BL8 I, S84 5 A clk A, anf&] 4-10 k.
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4 Y)REHI

&

4.4 FEIRE

& 4-10 324 5 BLS FhiE#iiEr R E

clk S . D I D N T N T A N B DR N T

cmd READ )

addr ADDR ()()

cmd_en A

cmd_ready

rd_data ()() DATAO X DATAL y———

rd_data_valid

rd_data_end

4.4.5 Rl
Rl

#£ DDR2 SDRAM Efifi B 51| 75 BEA W IR BT ok ORuEBE A & 2%, Rk
%L Gowin DDR2 Memory Interface IP i #14:¥)[n) DDR2 SDRAM K. i% il #r
54 . Gowin DDR2 Memory Interface IP [A][& trer I 1A= A2l dir 4,
Fram 2 E, MC #UT R G — /LS5 2J5, 2 PreCharge i Bank,
RIGHAT Refresh fr 2, REFTAE A B SIS
B RF

Fi P mTid i 1 sr_req &% EET (self refresh) 153K, Bt E DDR2
SDRAM #EA B RFME R . 72 5 R, DDR2 SDRAM £ H 3l kil 3 17
iR %, T Gowin DDR2 Memory Interface IP & i%Rl¥E4 .

Gowin DDR2 Memory Interface IP 7E 5%} DDR2 SDRAM [1] E il #r it
BHJE, mHPREES sr_ack, ¥~ DDR2 SDRAM ik A H .
A PRl

FA P AT DLjd it 3k e Bl i A O P lHr, 74 “USER_REFRESH”
WENON". H P AL Zd@ i i 1 ref_req 7 MC $2 i RLEHE R, T
il emd s A MC R B e 4. KIEH P RIETTE SR, ref_req 75 FF
gr— AR RS, SERURFETTE S KiEfE, MC 2 xist ref_ack (55,
gr— N E MR RS, A 4-11 PR

4-11 A FRIFE &
ok F L f L fF L fF LW 1L &1 &1 F£1 F1 F1 F 1§ 1 F1F1fF
ref_req ( (
ref_ack \ \

I REE B E T RE 2 52 MC U i BEAE AT IR 4. fEREAT
FURGEARAERT, MC 2558 RUEEDAT I 2384 . HI BE 8 H T P
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4 Y)REHI

&

4.4 FEIRE

Fill 5 % TR 2 2 MRS &, B s Ak trer 380

FIEBIMEOLT, H A RIH 2% DU AT HAE, a4 — B [Ak
SERER, PTREUEE treps  CL. EidEfeimby(al. trp SS800HHE, HH
JR T N AE IS 6] 2230 trer 38 AT 518, PRI IEG 9 ¢ P ol 3 s 1) 1) o K TR B £
A

trerr — (trep + (CL +4) X teg + tgp) X nBA

FESEBRR I, 25 R s P RGET, 7 # 224E DDR2 SDRAM 58 B4

WJE SEZ R B — AN RGET,  CUR ST 5 82 FH P R8T 1 SR 0 B 1) 24
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5 ¥ 1 51
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im 151 3%

Gowin DDR2 Memory Interface IP [{] 10 i I U158 5-1 AR .
%% 5-1 Gowin DDR2 Memory Interface IP B 10 513

e fir ¢ EEEEE
User Interface
AN 2 11 '_'—..l].:' oF M2
addr ADDR_WIDTH Input SBALN {5 R ABLE
parameter
cmd 3 Input & iEE

& S b RS 5
cmd_en 1 Input 0: L

1: A%

51 HLPI 457~ Memroy
cmd_ready 1 Output Interface n] % ar & S Hidik
rd_data QPP—DATA—WIDT Output [E%4E /S IbE

e B IN FR R A e ) — 2
rd_data_end 1 Output rd_dataffsZ: o

rd_datafi %5 5 :
rd_data_valid 1 Output 0: Jxk

1: ARk
burst 1 Input REE, A EO;
wr_data ﬁPP—DATA—WIDT Input 5 R

15 FL P 7N 2 AT B 32 ik
wr_data_end | 1 nput SLERwr_dataftyii s —
wr_data_mask ﬁPP_MAS K_WIDT Input Jywr_datai fEIERE 5
wr_data_rdy 1 Output = ISP I s MC ] AR

s

wr_dataffi g5 5
wr_data_en 1 Input 0: ok

1: A
sr_req 1 Input H il s K
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5 im O %%
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=k (A 75 If) Eiti3a
sr_ack 1 Output SV IR R
ref _req 1 Input F P Rl =k
ref_ack 1 Output FH P R N2 S
clk 1 Input = NG
rst_n 1 Input SN, KELL
g P EAE S,
ddr_rst 1 Output s e
- P PR, RS
mit_calib_compl | Output | WIAILTENLS B
F P&t i, A% yMemory
clk_out 1 Output CIkifi1/2
ecc_err QZZ—DATA—WIDT Output ECCHa/nE 5
DDR2 SDRAM Interface
Rowh ik (&4 « Column
O_ddr_addr ROW_WIDTH Output Hibh Gib. Sard)
O_ddr_ba BANK_WIDTH Output Bankih
O_ddr_cs_n CS_WIDTH Output s, KA K
O_ddr_ras_n 1 Output RowHh bt %8 (5 5
O_ddr_cas_n 1 Output Columnith il 1% 38 15 5
O_ddr_we_n 1 Output Row 5 fifi fg
ENTTN F e 22
O_ddr_clk CK_WIDTH Output i’gﬁw DDR2 SDRAM i 4135
O_ddr_clk_n CK_WIDTH Output Lddr_ckH ik =055
O_ddr_cke CKE_WIDTH Output DDR2 SDRAMH &l ffi gefE 5
O_ddr_odt ODT_WIDTH Output WAFAE 5 o2 L P 2 )
O_ddr_reset n |1 Output DDR2 SDRAME {55
O_ddr_dm DM_WIDTH Output DDR2 SDRAM( i Bt #ifs 5
10_ddr_dq DQ_WIDTH E'd'rec“o DDR2 SDRAMX{#E
10_ddr_dgs DQS_WIDTH E'd're“'o DDR2 SDRAMH#z i jif {5 =
I0_ddr_dgs_n | DQS_WIDTH E'd'recuo ddr_dgs4lpE 4ME B
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6%%@3?

Gowin DDR2 Memory Interface IP 7] 32 DDR2 SDRAM #44, /&

RAE &I E SR E Gowin DDR2 Memory Interface &1
ZH, BARSE RNk 6-1 F15k 6-2 Fir.

o T

% 6-1 Gowin DDR2 Memory Interface FIE#SSHU%EIRN

e i3 priL|
DRAM_TYPE Pl E s Syt DDR2;
DRAM_WIDTH DDR2§5iFiDQ % & 4,8, 16;
ADDR_CMD_MO 1yt g 4t 1T, 2T:
nCK_PER_CLK ;FYEMC% H B 2;
nCS_PER_RANK | £/ Rank CSH%¥i & 1;
APP_ADDR_WID | 4.\ o RANK_WIDTH + BANK_WIDTH
TH L + ROW_WIDTH + COL_WIDTH:;
BANK_WIDTH P AEBANK bk 55 5 R #EDDR2 SDRAM:: H ik #%
CS_WIDTH CSHL % HRIEDDR2 SDRAMI: A ik #%
RANK_WIDTH RANKH: 1 55 F E;inglegmaﬂ rankegf, JLk
ROW_WIDTH DRAM ROW it} 5 & fR#EDDR2 SDRAM:: i %
DM_WIDTH AT e R DAV DQ_WIDTH/ DRAM_WIDTH
e DQ_WIDTH=DRAM_WIDTH *

DQ_WIDTH DQfE 5 % & DOS WIDTH
DQS_WIDTH DQSIE 5% & DQ_WIDTH/8
BURST_MODE RRKE “4”, “8”
BURST_TYPE TR F R S E s “Sequential” “Interleaved”

“150”: 150
RTT_NOM Nominal ODT#{& “75": 75

“50”: 50

Multiple-RANKH HI T 5% | “OFF”: RTT_WR disabled.
RTT_WR [1f¥)Dynamic ODTHIE | “120": RZQ/2
%}F Single-Component ‘60" RZQ/4
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SRR A I
#it RTT_WRER:
[FP-DRTAWIOT | st | e R B2,
¢EP_MASK_W|D B i L Mask -2 5 i ?EP_DATA_WIDTH/DRAM_WID
USER_REFRESH ;%%§$ﬂyﬂ§Eﬂ§%MW%f “ON”, “OFF”
AE
% 6-2 DDR2 B}E&#
AR ik
tok Memory$2 s & # (ps)
teke CKEfE 5 /MK 8] (ps)
fen lﬂj@nkﬁlﬂ fmﬁlﬂﬁﬂiiijc% VYA AT B0 i 4> 1R [ B BT 1], R bt B 7
{E MZAS /N TtRRDIF DY i
tras ACTIVEZ#|PRECHARGEH ]
tred ACTIVE#|READEKWRITEH] [A]
trRerI PN ATl 3 ) )
trrc REFRESHZ!| ACTIVE/REFRESH)/H]&
trp PRECHARGE J#] ]
trrD ACTIVER|ACTIVERT 7] 8]
trre READ #|PRECHARGEI [a] ]
twTr WRITEZIREADF [H] /8] f&
AL Additive Latency
CL CAS Latency
WR_CYC Write recovery for autoprecharge
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N7 (8 P s 2 R 34 Gowin DDR2 Memory Interface IP, #2441
— MRS, SHRHEARSIE 7-1 frx.

7-1 SF R EALHHER

A

Ref. Design
ddr2_syn_top
Gowin Memory Interface IP
Key
» deboun [—»|
= DDR2 (N | Memor MCIPHY | e DPR2
test y Physical SDRAM

Controller |Interfface| | ayer

<

1EZ% W, ddr2_syn_top R T EBE G, Hin EEmAS
EI b, SMBEAEE T, dHIERNE 7-1 Pros. DDR2_test AT/ 4
Gowin Memory Interface IP Fr i bl . ¥l 5154 a4, I Hizfid
T 4R4 . Key_debounce B —ANERMEH, FHT1H B B i el ik i o+
KA 7= A RS 5 EL )
= 7-1 ddr2_syn_top AR O

K iR

clk WANSER B, BRIAS0MHz
rst_n NEAE S

display PIESENEEE

sSw DI dH N it

IPUG506-1.3
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DDR2_test f=/E 8 IR G &5 8 ik 4, XWAFMHLILFET S 55
1E. P aMESCE AN RHuhE & B34S, 316 Memory Interface 1P R 7] 15254
PEAT AT RIE . %S FH i, N RN S B
MT47H64M16-3, Fi & Burst Mode & BC4, DQ %N 16 fi7.
DDR2_test 5 Memory Interface IP 3fi 12 [8] #7045 5 A7 Bk an K]
7-2 Fi7s
7-2 DDR2._test 5847k {55 BB

o= LML L LU L UL o L e L U LA L P UL UL
)

EEDERE T
LA U
U U
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8 FHEE

Jii 7 AT {E IDE Hhilid IP Core Generator T H i Fij 3+ & Gowin DDR2
Memory Interface IP. A7 Ak £ 8t MT47THB4AM16-3 A7 Mk Ky
B, SeR 7 FERCE A R R DA S B T
1. #TJF IP Core Generator

P s TR, A e L Tools iE TR, i 5. IP Core Generator
W, HUATHTH GOWIN § 1P =4 T A, il 8-1 Fis.

& 8-1 3TF IP Core Generator

w GOWIN FPGA Designer - [Design Summary] =)

| File Edit Project Window  Help _ =[x
B | ., StartPage

Tezizn

< synplify Pro
ddrZ_test - [D:V] |

& [P Core Generator
[%] cw2a-55-pa

Project Summary

| FloorPlanner ect File: D:\Text\ddr2_test\ddr2_test.gprj
7 Timing Constraints Editor pet Device: GW2A-55-PBGA484-8 Device Series: GW2A
Simulation » fice Part: GW2A-55 Package Type: PBGA484

Gowin Analyzer Oscilloscope

Besign | Erocess T 7 Start Fags | 1 Desien Sumary \

Dutput

Open project: D:\Text\ddr2 test\ddr2 test.gprj

2. #T7JF DDR2 Memeory Interface IP #%
&iii Memory Interface &5, X{d7 DDR2 Memory Interface, 17T
DDR2 Memory Interface IP #%WECE i, i 8-2 Fiiw.

IPUG506-1.3 21(29)
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& 8-2 TH DDR2 Memeory Interface IP #%

s GOWIN FPGA Designer - [IP Core Generator] SE)
JL Ble Edit Project Tools Window Help —TeTx
= i S
i T e i =
4 ddr2_test - [D:\Texthddr2 -
GW2A-55-PBGA4E4-8 || Name nd
4 o DDR2 Memory Interface
4 DDR
4 DDR1
' DDR Memory Interface Information
'l DDR PHY Interface 1
+ - DoR Type: DDR2 Memory Interface
&% DDR2 Memory Interface
“. DDR2 PHY Interface Vendor: GOWIN Semiconductor
4 FIFO Summary: The DDR2 Memory Interface IP provide a complete solution for
56 FIFO customers to use DDR2 Memory. This IP located between the DDR2
'\ FIFO 5C L Memory and the user logic include with GoWin Memory Controller and
4 13C Physical interface, reduces the user's effort to deal with the DDR2
I3C Memory command interface by providing a simple generic system
“ MIPI interface to the user.
5 MIPI RX
S MIPT TX
4 [ RAM Based Shift Register
5 RAM Based Shift Register
a SDRAM Controller
SDRAM Controller(With emb...
" SDRAM Controller(With exte... ~
4 [0 r Copyright® GOWIN Semiconductor. All Rights Reservad.
Desizn | Prosess 7 Start Page [C T IF Cors Ganerater [0 |
Dutput g X
Open project: D:\Textlddr2 test\ddr2 test.gprj
Output | Error | Warming | Infe |

3. DDR2 Memeory Interface IP % I %t ifi

fic & ST /7 i /& DDR2 Memeory Interface IP #% 42 Hor = &, & 8-3
FoR o

P2 R =& K vh & i /& DDR2 Memory Controller 5/ iz 1, il
o E S P %R 3] DDR2 Memeory Interface 1P 1Sz iy 2 F1 % iE
Rk, A PHY (Physical interface) 5 WNfEBkRi AR, @k
DDR2 Memeory Interface IP 15 H C BT s WAFRURLGESE,  SEIN £ 117
B HPHARMEERE, BIUNBERPRESAE, &5 HERahE
A
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& 8-3 IP #IFEOREE

r

W Customize IP

ok —
| _oar_zca(127]
=0 —
- C_aar_bakg ] [
= O_odr_cs_n Wr_dZz 0] e
wr_dzta_end (—
<o _drrssn
WI_gzE_mask[O] e
w0 _sir ez n cmd_en pi—
a0 cirwe_n L] =
aorpea) =
- o_o_x
- =1_req [a—
o O_0dr_ck_n B1 reg (=
a—{o_oor_cke st
S act -
o _siroa N
-0 _oar_reseln Wi oEiE e
NR_c2 I _compikes e
= 0_oar_aami ]
il ema_eacy |
- 10_oar_aq159) o_osia v -
] 10_cdr_aos[1] Td_ozta_end =
m_dz=EI] .
10_oar_ e o1 ot

ey

DDR2 Memory Interface

File

Target Device: GHZA-S5-FBGA484
Create In:
Module ame:  1dr? memory_interface_top

Type | Options | Timing

File Hame:

D:4Texthddr?_testisre\DDEZ_Memory_Interface

IIEZ_Memary_Tnterface

Add to Current Project

Select Memory

Memory Type: [MT4THE4M1E-3 -

Memory CLock: ZT0MHz (5

R e ——
Data Fus
Dq Width: (16 = Dram Width: |5

Memory Address
Ranle Address: | = Banlk Address:

Eow Address: |13

Addr Hidth: 27

Data Width: B4

Mazle Width: g
Ece

(200 - 400) <-> 3703 ps

Column Address:

CLE Ratio:

Reference Clock: (20000 p: w | <~ S0.000 MHz

1:2

) o |

Help

4. FTF Help i
7 &] 8-2 Jo N Help #2281 T A e B 5% 18 b &S 00 17 B 4
T3 {8 PR 8 T 1P AZ I TC B, Help SCRY 3% X050 28 5t 0 F T I — 3

K 8-4 pn.
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[# 8-4 Help 3244

-
-

_/ [ DDR2 Memory Interfac X \\

Sl

(= ‘ @ file:///D:/Gowin/1.8/IDE/ipcore/DDR2/doc/ddr2_help.html

Wk m oy

DDR2 Memory Interface

Information

Type: DDR2 Memory Interface

Vendor: GOWIN Semiconductor
The DDR2 Memory Interface IP provide a complete solution for customers to use DDR2 Memory.

Summary: This IP located between the DDR2 Memory and the user logic include with GoWin Memory

e Controller and Physical interface, reduces the user's effort to deal with the DDR2 Memory

command interface by providing a simple generic system interface to the user.

Options

Desc n

Type
Memory Type Choose the type of DDR2 Memory which consumer use
CLK Ratio This is the Memory Controller clock to DDR2 Memory clock ratio.

Memory Clock

The consumer desire DDR2 Memory working frequency.

Reference Clock

PCB input clock.

DIMM Type DIMM Type.
This is the memory DQ bus width. This parameter supports DQ widths from 8 to a maximum of 72
Dg Width inincrements of 8. The available maximum DQ width is frequency dependent on the selected
memory device.
Dram Width When Memory Type choose Custom, Dram Width can be modified.

Rank Address

This is the number of bits required to index the RANK bus.

Bank Address

This is the number of memory bank address bits. Memary Type choose Custom, Bank Address
can be modified.

Row Address

This is the DRAM component address bus width.Memory Type choose Custom, Row Address can
be modified.

Column Address

This is the number of memory column address bits.Memory Type choose Custom, Column
Address can be modified.

Addr Width

This is the memory address bus width.It is equal to Rank Width + Bank Width + Row Width+
Column Width.

IPUG506-1.3
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[ | e
[} DDR2 Memory Interfa: X
C | @ file:///D:/Gowin/1.8/IDE/ipcore/DDR2/doc/ddr2_help.html 7R <.

Data Width It is equal to 4*Dq.

Mask Width It is equal to Data Width/Dram Width.

ECC This is the error correction code, available in 72-bit Dg Width configurations.
Option

Burst Mode This is the memory data burst length.

Burst Type This is an option for the ordering of accesses within a burst.

User Refresh

CAS Latency
Additive Latency
Write Recovery

This parameter indicates if the user manages refresh commands. Can be set for either the User or
Native interface.

This is the read CAS latency.
This is the additive latency in memory clock cycles.

This is Write Recovery.

Rtt Nom This is the nominal ODT value.

Addr Cmd Mode This parameter is used by the controller to calculate timing on the memory addr/cmd bus.
OUTPUT DRV This is the DRAM reduced output drive option.

DDR2 DQSN Enable Dgs_n port switch.

Timing

tRTP Period This is the READ-to-PRECHARGE command delay.

tRP Period This is the PRECHARGE command period.

tWTR Period This is the WRITE-to-READ command delay.

tRC Period This is the ACTIVE-to-ACTIVE command delay.

tRAS Period This is the minimum ACTIVE-to-PRECHARGE period for memory.

tRCD Period This is the ACTIVE-to-READ or —~WRITE command delay.

tFAW Period This is the minimum interval of four active commands.

tRRD Period This is the ACTIVE-to-ACTIVE minimum command period.

tCKE Period This is the minimum CKE pulse time.

tREFI Period This is the average periodic refresh interval for memory.

tRFC Period This is the REFRESH-to-ACTIVE or REFRESH-to-REFRESH command interval.
tDLLK DLLK cycle number.

Copyright©® GOWIN Semiconductor. All Rights Reserved.

IPUG506-1.3

5. MERAGEER
fic & S B B4 N TR ARG B E S, Hal DDR2 Memeory
Interface IP #% A X3 GW2A-55 GW2A-18 GW2AR-18 =t F»
¥ GW2A-55 i, 3% PBGA484. Module Name %1 )5 I /& T.

e A R TE S 4 5, BN “ddr2_memory_interface_top”, F F' AT
HAT1E . “File Name” & IP B30 AE 1 SCHEJE, 477 DDR2 Memeory
Interface IP #%Fi 7 X4, BRILN “DDR2_Memory_Interface”, Fl/ ] HAT
Bk it. Creat IN IR IP =A% AR, BRI “\TR®E
\src\DDR2_Memory_Interface” ,H 7] AT E. A T “Addto
Current Projiect” 31 i [ & 75 72 42 (1 1P BRI BRI TAE v, BRAA
i, ikl 8-5 Fin.

8-5 EACREERE

-
{#y Customize IP

i
DDR2 Memory Interface 5]
File
Target Dlevice: GW2A-55-PEGA404
Create In: D:VTextbddr?_testisrc\DIEZ Memory Interface ()

Module Name:  1dr?_memory_interface_top File Name: DIRZ Memory Interface Add to Cwrrent Project
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6. Type LIk

£ Type IE TR H, F ™ 5 ZEHC B4 11 ) DDR2 A7 IR AR5 I

® Select Memory %15
I —

e Data Bus i&ii

e Memory Address £

Memory Address ' = 21’5 DDR2 N #£5ki ¥ Rank, Bank, Row,
Column Ml B, 4k$klF DDR2 WAE Bk LM )5, GUI 2 E5hiE
5, Rk #E Custom U FHEH FiRYE B O AE ¥ DDR2 J A7 A

H AT
o An[H#E{ETN
[ 8-6 Type iZTIF

A Customize IP

TR
DDRZ2 Memory Interface 5]
File
Target Davice: GHZA-SS5-FBGA4S4
{0 ddr_addr120 e [ Create Tn: D:4Text\ddr?_testisrchDDR2_Memory Interface )
rst_n 4—
= O _ddh_bank20] wrcats o e | | Moduls Hamel  d&2 memory interface top File Hane: DDEZ W hdd te Current Project
{0 ddr = n wi_data[B30] =
it e [— Type | Options | Timing
4O ddr ras_n
wr_dats_mask{T-0] [=— Select Memory
“4— O_ddr,
fdce=n amd_sn 4= Wemery Type: |MTATHBAM1G-3 -
cmd[Z:0] [l
| O_ddr_we_n Memory CLock: ZTOMHz 2| (200 - 400) <-» 3703 ps Reference Clock: 20000 ps ¥ | <> 50.000 MHz
addr[26.0] [ —
| O_dar_ox o rea - DIMM Type:  [Compemsnts -
4— O _ddr_ [+
een ek Data Bus
P R burst [a— —
_doir_cke . Cdehe
ot Dq Width: [16 ¥ Dram Width: &
— O_ddr_odt
= ref_sck = Memory Address
SV P wi_dsts rdy [
e Rark Address: 1 2 Bark Address: 3
_ init_calih_complete [—=
| O _damit) cme_resdy | Row hddress: |13 Colunn Address
b | ddr_dq[150) rd_data_valid |—
{10, e hasi1 0 rd_dsta_end |~ hddr Width: 2T
rd_datmj2:0] =
) = ! Data Width: 64
&P |0 ddr_dgs_n{1.0] di_out [
Mask Width: @
I Eee
I & &
| [ Cancel | [ help

7. Options &5 -F
e Memory options %5
e Mode Register Setting i% i

® Generation Config 1%

HIEJE AR IP F, AN IBUF. OBUF 25515, H1:{EH port iE

LB, BNaik.

Options &R U1Kl 8-7 fiw, BHE#8t MTATHE64M16-3 P 25k

N
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[ 8-7 Options IR

WAy Customize IP

DDR2 Memory Interface

File
Target Device: GHZA-55-FBGA484
«4— O_ddr_addr]120 di e Create In: D:4Text\ddr?_test'srchDDRZ_Memory_Inter Face )
rstn [4—
= 0_dd_panigz0] wrcmon e | | Module Hame!  ddr2 memory interface_top File Neme: DDRZ Memory_Interface hdd te Current Project
4— O_ddr_cs_n wi_data[i30] =
. data,ans [ Type | UOptions | Timing
4 O_dor_ras_n .
wi_dsts_mesk{7:0] = Memory Options
4— O ddr.
R omd_en [#— Burst Mode
4 O dd_wen cmd20] (4=
Burst Type
28 0] [
44— O ddr_
_der_ck o rea jH— [[] User Refresh
| odd dn ref_req (4 Mode Eegister Setting
burst l—
4 Odd e CAS Latency Additive Latency
sr_act
<0 dar oat ret ack | Mrite Recovery: Ett Nom:
*—{ O der resetn wr_data_rdy (— Addr Cnd Mode: OUTPUT DRY Full strength v
init_calib_complete [
= O_dicr_dqmi1 0] IIR2 DGSH Enable
omid_ready |
| |0 ddr_dq[i5:0] rd dats valid — Generation Config
rd_dats_end [~
) 10 ddr_das[14) - Disable I/0 Insertion
1d_cata[E20] I
|0 ddr_das_n[1:0] ot e

| &&

0K ][ Cancel ][ Help

8. Timing &
e Command and Address Timing %5

[~ - T
e Refresh, Reset and Power Timing i
...

,E 8-8 Timing IXWF

WAy Customize IP
DDR2 Memory Interface
File
Target Device: GHZA-55-PBGAE4
4—{ O_ddr_addr{12.0 d [4— Creste In: D:4Text\ddr?_test'srchDDRZ_Memory Interface ]
rstn [4—
= 0 dd_paniz0] i on e | Medule Hane:  dir memory_interface_top File Neme: DDRZ Memory_Interface hdd te Current Project
o 1 wi_dats_en
«— G dd_cs_n wi_camiEz0] [
e cita 2nd [ Type | Options | Timing
4 O_dor_ras_n X
wi_data_mas k[ 7:0] [ Command and Address Timing
4— O ddr. _—
—aee=n omd_en [4— AETF Feriod: [S00ps |* RF Peried: 12500ps |+
cmdZ0] [—
4 Oddwen TR Period: TS000ps 1= ARC Period: S500ps =
sddr(26:0] [t
O st req e— tEAS Feriod: 3TSO0ps = RCD Feried: 12500ps %
«—0_da_oi n ref_req [¢— LFAH Period: 40000ps |5 tRED Perisd: T500ps &
burst l—
| Cdar o N Refresh, Reset and Power Down Timing
O dor cat ref_ack [— CEE Feriod: 75000ps |+ tREFI Feriod: T7500000ps [
4— O _dor_reset n wr_data_rdy —- tRFC Period: 180000p= |5 tDLLE: 512 =
init_calit_complets —8e
e O_de_dgm[1 0]
omd_ready |
| 10, dicr_dq[150 d_data_valid |
<+ 10 ddr_dgz1 0 rd_dats_end =
1d_data[B30] el I
< 10_ddr_dgs_n{1:0] a_out
4
| & &
0K ] [ — ] [ Help
L
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SCH3Z 1S

Gowin Memory Interface IP 22 U 32 ZALE =N 807, 705 8 SR

BHRAARS RIS % 31t

9.1 3X#4

SO A P HE R PDF 308

+® 9-1 IR

K

ik

IPUG506, Gowin DDR2

Memory Interface IPF S35/ o - FRDDR2W /- NP 2 F A, RIATF .

9.2 Wit (mE)

I ARHS S 96614 Gowin DDR2 Memory Interface IP ) RTL A5 4X,

i, f GUIER, VAR e I8 A B 8 1P i

%+ 9-2 B BIIE
B E1ip
DDR2_TOP.v IPRZTE S, s PRI R R, RN

GOWIN Memeory Controller##i /3 4ti%

ddr_name.v TR0, TRAHGUIEN, Rin%.
gwmc_top.v = WA HITIE SO, s
ecc_top.v ECCREGTIZ A, I

ecc_decoder.v

ECCR IS MRS S, fnss,

ecc_encoder.v

ECCRIGZmAL S, fns,

gwmc_bank_ctrl.v

s WA PSS a2 AT b4 IR TR A,

gwmc_cmd_buffer.v

i s AR av iy SRR, I

gwmc_param.v

s WARE A S B B, AT i GUIRC & 7
A, R

gwmc_local_param.v

¢

s WAFE R B S BUC B, A BEGUUMRHEIIZ AL,

EN

IPUG506-1.3
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K

gwmc_rank_ctrl.v

NI | BF

WAEFEH a bl . iy B,

gwmc_rd_data.v

w1z WA P as S U R S, s

gwmc_wr_data.v

?:WT?I%U%&‘%%ITE*%E’%I# i

gwmc_timing_ctrl.v

I | I | 3| 3t | E2E
ol

PN ] T I A ) 25 SR SO, i e

PHY &R 4CHY

ddr_phy_top.v

DDR2 PHYTiZ X,

ddr_phy_wd.v

i FHdata_lanetiHflicmd_lanefidsofE, s

ddr_phy_cmd_lane.v

iy MBI,

ddr_phy_cmd_io.v

i Az LR,

ddr_phy_data_lane.v

Bos A7 3, e

ddr_phy_data_io.v

HOR AR A,

fifo_ctrl.v fifofs i sC i, I
IN_FIFO.v FWCER R AP S, I
OUT_FIFO.v RIEBHRFAFR A,
ddr_init.v WIGH AR S A,
\
9.3 &Eigit

IPUG506-1.3

Ref. Design X3 #4

% Gowin DDR2 Memory Interface IP f¢) %

XA, AP &%, ARSE IHEHES TE SO S TR S 5 .
& 9-3 Ref. Design X RAKFIFR

£ Fx iR

ddr2_syn_top.v Z% 1T T Zmodule
key_debounce.v F RS
DDR2_test_rst.v DA = AR A

DDR2_Memory_Interface.vo

Gowin DDR2 Memory Interface IPR¥ 3 34

ddr2.cst

DDR2 [FEW)BEL R S

ddr2.sdc

DDR2 T &I #2504

gwmc_local_param.v

DDR2 LFESH it

DDR2_Memory_Interface

DDR2 IP {3
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