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o X T #E! SDRAM, fiH]J52:7F Module i I Hi B, SDRAM fFfifgefllfE 5, X555 FES| HF TOP
&, HEGEFESLAZ, XWESE.cst YT EFELR,

o i GWINR-4 #14-1) 32 bits 7 % % #58f, |_sdrc_clk #4404 |_sdram_clk BB R ) —F, He s
A R4S |_sdre_clk A1 1_sdram_clk A [A] A5 4
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6.3 AIER B 25451
6.3.1 FTHILIZ

Ja 3 Gowin = ME, FIHF TR, WK 6-2 fs.
6-2 fTHIIE

r{,\'/ GOWIN FPGA Designe-r - [-E:\D;mcl»-_prt;gram\DK_DEV_GWZARlE_Vl‘IU\SDRAM_test_Project\SDRAM_test_SIP_can_readback_data_tesl_data\SDRAM_test_SIP\src\SDRAM_controller_test_... E@Iéf
|7 Hle Edit Project Tools Window Help o i
H Lol ] uif
Frocess 5 x 19 o
'] Design Summary 20 Hmodule SDRAM controller test module (
4 [ User Constraints 21 I_Clk, B N N
| FloarPlanner 22 I rst, =
| Timing Constraints Editor 23 O:sdrcirdival id,
4 (D synthesize (Synplify Pro) 24 0_sdrc_error flag, 3
Synthesis Report 25 0O sdrc rd data,
Netlist File 26 B - Tl
4 (D Place & Route 217
Place & Route Report 28 0O sdram wen n,
Timing Analysis Report 29 O:Sdram:ras:n,
Ports & Pins Report 30 O sdram cas n,
Power Analysis Report 31 O:sdram:csiﬁ,
B Program Device 32 O_sdram_cke,
33 0_sdram_clk,
34 IO0_sdram_dq, |
35 0_sdram_addr,
36 0 sdram ba,
37 0_sdram_dgm
38 | )
39
40 b
41 input wire I _clk;
42 input wire I rst;
43 output wire O sdrc_rd valid;
‘44 output wire O sdrc ]lrd data; 2
« I b
Tesizn | Process . Start Page ) | LDesign Sumary [ | |# SIRMM_controller_test module v([E) | was IP Core Generator L soRn_contrel 4 b}
Output J X
Info (CM0004) : Generate timing report completed. -
Info (CM0002) : Generate Tool-Run report completed.
Info (CMO001) : Tue Jan 24 09:12:13 2017
[
Output | Errer | Warming | Info |
In: 86 Col: 24
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6.3 Py itk A 24451

6.3.2 1 SDRAM Controller

#i“Tools > IP Core Generator’, #H F it 6-3 Fis.
6-3 IP Core Generator A

-
{Ar GOWIN FPGA Designer - [IP Core Generator]

“ Ele Edit Project Jools Window Help

N EE
EBEHR = o &
x
CEIP =
1| Design Summary
a 7 User Constraints Name i .
4 FloorPlanner a1 o SDRAM Controller(With embedded
v . B B A
% Timing Constraints Editar W FIFC )
4 (D synthesize (Synplify Pro) w FIFO SC SD IMM
. s SDP_FIFO
Synthesis Report _- -
Netlist Fi s SDP_FIFO_SC
etlist File H
- 4 12C Slave =| Information
4 ') Place & Route &
s 12C Slave
Place & Route Report 4 [ MIPI Type: SDRAM Controller
Timing Analysis Report 5L MIPIRX )
) . Vendor: GOWIN Semiconductor
Ports & Pins Report o MIPI TX .
Power Analysis Report . Memory Interface Summary: The SDRAM controller allows desugm.ars to create cu#om s?'stems in
18 Program Device %, DDR2 Memory Interface one GOWIN device that connect easily to SDRAM chips. This SDRAM
a SDRAM Controller Controller located between the SDRAM and the user logic, reduces the
JL SDRAM Controller{With embedded SDRAM) user's effort to deal with the SDRAM command interface by providing a
SDRAM Controller(With external SDRAM] simple generic system interface to the user.
4 Module
Pl Block Memory
o DP - Copyright® 2014-2017 GOWIN Semiconductor. All Rights Reserved.
Desien | Frocess J Start Page [O Tesign Sunmary & IP Core Generator a ‘
Dutput 8 x
Info (PW0001) : Power analysis completed. -
Info (CMOQ08) : Generate "SDRAM Controller top.power.html' file completed.
Info (CM0008) : Generate 'SDRAEM Controller top.tr.html' file completed. ‘7‘
Info (CHMO008) : Generate "SDRAM Controller top.vwo' file completed. ™
fmtput | Error | Werning | Infs |

1 GW2AR-18-LQFP144 2344, *id“SDRAM Controller(with embedded SDRAM)”,
R 6-4 frs, BRIAETREITT, HE“OK”, 4/ SDRAM_controller_top_SIP 1
B
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6.3 Wik 244

6-4 SDRAM Controller A H

o

Wy Customize IP

SDRAM Controller (With embedded SDRAM) oo
File
Target Dewvice: GNZAR-15-LAFF144
I Create In: _gwZarlB_Refl=zignhprojectiisrc\SIEMM_controller top_SIF E]
=z ok O_mars catali O i
— | saram_ox Module Hame: Aroller top SIF  File Hame: ap_SIF £dd to Current Froject
— _sorg seietesn O_sarg it dons
— st g power_down Options
I f_sors s [ Generation Config
— _saroron
s mccrzo R Dizable I/0 Insertion
== I_sar g dira_len 7]
— s g gmiE] O_sare_wd _sck =
= s g 0]
0K || Cancel Help

e

6.3.3 f5]4£. SDRAM Controller
7£ T.FE 4 %11k, SDRAM_controller_top_SIP, #1& 6-5 .
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6-5 $5l4t. SDRAM_controller_top_SIP

r\',‘-& GOWIN FPGA Designe-r - [-E:\D'emt;pr;gram\DKﬁDEVfGWZARlEfVl‘IO\SDRAMftesLProject\SDRAMftesthIPicanﬁreadbackﬁdataitestidata\SDRAMftesthF’\src\SDRAMfcontrollerﬁtestﬁ... E@ﬂ1
| » Ele Edit Project Tools Window Help N
RS Siea 00 H
Frocess 8 X 85 G
I Design Summary 86
4[] User Constraints ENE=SDRAM controller top SIP b2v inst(
| FloarPlanner 88 n
#| Timing Constraints Editor 89 .0 sdram clk(O sdram clk),
4 (D Synthesize (Synplify Pro) 90 .0_sdram cke (O_sdram cke),
Synthesis Report 91 .0_sdram cs n(0O_sdram cs n),
Netlist File 92 .0 sdram cas n(0 sdram cas n),
4 (D Place & Route O .0_sdram ras n(0Q_sdram ras_n), |
Place & Route Report 91 .0_sdram wen n(0O_sdram wen n),
Timing Analysis Report 95 .0 sdram dqm(Q sdram dqm),
Ports 8 Pins Report 96 .0_sdram_addr (O_sdram addr),
Power Analysis Report 97 .0 sdram ba (0_sdram ba),
B Program Device 98 . IO sdram . dg(IO0_sdram dq), —
99

100 .I sdrc rst n(rst sys),
101 .I_sdrc_clk(clkout_o),
102 .1 sdram _clk(clkout o), m

103 .I sdrc selfrefresh(sdrc selfrefresh),
104 .I_sdrc_power_down(sdrc_power_down)
105 .I_sdrc wr n(sdrc wr_n),

106 .I sdrc rd n(sdrc rd n),

107 .I_sdrc_addr(sdrc_addr),

108 .I sdrc data len(sdrc data len),
109 .I_sdrc_dgm(sdrc_dgm),

110 .1 sdrc data(user data] . o
< | 1 +
Desizn | Process . Start Page| | | Design Summary || | |7 SDRAM_contral 4
Output @ X
Info (CHMO004) : Generate timing report completed. -
Info (CM0002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 09:12:13 2017

Output | Error | Rarning | Info |

In: 86 Col: 24

6.3.4 4 ¥, bitstream 34

ATV ERZA R G, Bid4%E. P&R, 774 bitstream 1.
I Gowin T #ZIE bitstream SO 3 BT A AR SR, AT el R C g2
SDRAM 32 5 £ #1551
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6.4 IMERIZE{)

641 fTHIFE

Ja 3 Gowin = ME, FIHF TR, WK 6-6 Frs.
6-6 FTHILIE

r{,\'/ GOWIN FPGA Designe-r - [-E:\D;mcl»-_prt;gram\DK_DEV_GWZARlE_Vl‘IU\SDRAM_test_Project\SDRAM_test_SIP_can_readback_data_tesl_data\SDRAM_test_SIP\src\SDRAM_controller_test_... E@Iéf
|7 Hle Edit Project Tools Window Help o i
H Lol ] uif
Frocess 5 x 19 o
'] Design Summary 20 Hmodule SDRAM controller test module (
4 [ User Constraints 21 I_Clk, B N N
| FloarPlanner 22 I rst, =
| Timing Constraints Editor 23 O:sdrcirdival id,
4 (D synthesize (Synplify Pro) 24 0_sdrc_error flag, 3
Synthesis Report 25 0O sdrc rd data,
Netlist File 26 B - Tl
4 (D Place & Route 217
Place & Route Report 28 0O sdram wen n,
Timing Analysis Report 29 O:Sdram:ras:n,
Ports & Pins Report 30 O sdram cas n,
Power Analysis Report 31 O:sdram:csiﬁ,
B Program Device 32 O_sdram_cke,
33 0_sdram_clk,
34 IO0_sdram_dq, |
35 0_sdram_addr,
36 0 sdram ba,
37 0_sdram_dgm
38 | )
39
40 b
41 input wire I _clk;
42 input wire I rst;
43 output wire O sdrc_rd valid;
‘44 output wire O sdrc ]lrd data; 2
« I b
Tesizn | Process . Start Page ) | LDesign Sumary [ | |# SIRMM_controller_test module v([E) | was IP Core Generator L soRn_contrel 4 b}
Output J X
Info (CM0004) : Generate timing report completed. -
Info (CM0002) : Generate Tool-Run report completed.
Info (CMO001) : Tue Jan 24 09:12:13 2017
[
Output | Errer | Warming | Info |
In: 86 Col: 24
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6.4 ST 24 f

6.4.2 1 SDRAM Controller

#i“Tools > IP Core Generator’, #H F i tnK 6-7 Fis.
6-7 IP Core Generator #-H

-
\';.} GOWIN FPGA Designer - [IP Core Generatar] -

Frocess g x

1| Design Summary
4 [} User Constraints
| FloorPlanner
| Timing Constraints Editor
4 (D synthesize (Synplify Pro)
Synthesis Report
Netlist File
4 (D Place & Route
Place & Route Report
Timing Analysis Report
Ports & Pins Report
Power Analysis Report

1k Program Device

Target Davice GHH1H-4-LOFF144 E]

“ Ele Edit Project Jools Window Help

YIRS

MName

4

a

4

FIFO

% FIFO

"\ FIFO_SC

"\, SDP_FIFO

"\, SDP_FIFO_SC

12C Slave

b 12C Slave

MIPI

b MIPI RX

S MIPI TX

Memory Interface
DDR2 Memory Interface

SDRAM Contraller

SDRAM Controller(With embedded SDRAN)
/\, SDRAM Controller{With external SDRAM)

Module
Block Memory

L & - -
_|[=][=
SDRAM Controller(With external
| Information
L
Type: SDRAM Controller L
Vendor: GOWIN Semiconductor
Summary: The SDRAM controller allows designers to create custom systems in
one GOWIN device that connect easily to SDRAM chips. This SDRAM
Controller located between the SDRAM and the user logic, reduces the
user's effort to deal with the SDRAM command interface by providing a
simple generic system interface to the user.
l
- Copyright® 2014-2017 GOWIN Semiconductor. All Rights Reserved.

Design Frocess

Dutput

Start Page

[

Design Sunmary %

o |

IF Core Generator

r=

& X
Info (PW0001) : Power analysis completed.
Info (CMO008) : Generate 'SDRAM Controller top.power.html' file completed.
Info (CMO008) : Generate "SDRAM Controller top.tr.html' file completed. ‘_‘
Info (CM0008) : Generate 'SDRAM Controller_top.vo' file completed. :.
Output | Error | Warning | Infs

% GW1IN-4-LQFP144 2344, Udi“SDRAM Controller(with external SDRAM)”,
REE 6-8 i, ZHIXRHE4ME SDRAM EiE 5 SHH T E, AR5 HEOK”,

SDRAM_controller_top_SIP f&k,
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6.4 SMETY 2 f

6-8 SDRAM Controller #H

-

Wy Customize IP

4

¥O_ sair arm_ dg31:0]

sars_rsLn

|_sdrc_ck

|_sdiram_ck

|_sdl ne_saine fasiy

S PT_De0A 2 _ oM

_sadre_wr_m

|_sdinc_md_n

s e rf2000]

|_sdrc_data_En{70]

s _ggr (30

bbb bbb

|_sdinc_diata{={ O]

O_sdram_dk
O_sdram_dke
0_saram_os_n
O_sdram_cas_n
O_sdram_ras_n

O_ sdram_wean_n

O _sadrarn _digm[30]
O _saram_aoor [ o]

O_ saram_pafi1]

O_sdrc_damBEi1]
O_sdrc_jinl_done
O _sarg ousy_n
O_sdirc_pd_ vailid

O_sdrc_wrd_ak

REEREERERE

RERE

File
Target Dewice:

Create In:

Module Hame:

Options

G I H-4-1AFF144
mZarl8_RefDsignhprojecthsrc'SIEAM_controller top SIF [:]

oller_top_SIF

SDRAM Controller (With external SDRAM)

File Hame: :p_SIF Add to Current Froject

Data Width:

Eow Width:

Eefresh Period:

11 -

Refresh Times: 4096 =

Clack Feriod:

tEF Feried:

tMED Feriad:

tHE Feriod:

10 nz =
3 =
3 =
3 =

Generation Config

Dizable I/0 Insertion

Barle ¥idth:

Column Width:

£4000000 ns |5

(4-100)

CL Faried:

tBFC FPeriod: 9

tBCD Peried: 3

Ak

Ak

0K ] [ Cancel

Help
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6.4.3 514t SDRAM Controller

7& T 5291411k, SDRAM_controller_top_SIP, #1&l 6-9 Fix.
6-9 fil4£ SDRAM _controller_top_SIP

r\’,{, GOWIN FPGA Designe-r - [’E:\D;motpro‘gram\DKﬁDEVfGWZARlEfVl‘IO\SDRAMftesLProject\SDRAMftesthIPicanfreadbackﬁdataitestidata\SDRAMftesthF’\src\SDRAMfcontrollerﬁtestﬁ...{ =|s[E] é}‘
| » Ele Edit Project Tools Window Help N
= e s Chit | 6
Frocess ax| 85 -
I Design Summary 86
4[] User Constraints ENA=SDRAM controller top SIP b2v inst(
| FloarPlanner 88 n
7| Timing Constraints Editor 89 .0 sdram clk(O sdram clk),
4 (D) Synthesize (Synplify Pro) 90 .0_sdram_cke (O_sdram cke),
Synthesis Report 91 .0_sdram cs n(0O_sdram cs n),
Netlist File 92 .0 sdram cas n(0 sdram cas n),
4 (D Place & Route 93 .0_sdram ras n(0Q_sdram ras_n),
Place & Route Report 91 .0_sdram wen n(0O_sdram wen n),
Timing Analysis Report 95 .0 sdram dqm(Q sdram dqm),
Ports 8 Pins Report 96 .0_sdram_addr (O_sdram addr),
Power Analysis Report 97 .0 sdram ba (0_sdram ba),
I Program Device 98 . IO sdram . dg(IO0_sdram dq), —
99
100 .I sdrc rst n(rst sys), 3
101 .I_sdrc_clk(clkout_o),
102 .1 sdram _clk(clkout o), m
103 .I sdrc selfrefresh(sdrc selfrefresh),
104 . I_sdrc_power_down (sdrc_power_down),
105 .I_sdrc wr n(sdrc wr_n),
106 .I sdrc rd n(sdrc rd n),
107 .I_sdrc_addr(sdrc_addr),
108 .I sdrc data len(sdrc data len),
109 .I_sdrc_dgm(sdrc_dgm),
1‘10 .I sdrc data(user data] , 2
< L 3
Design | Frocess [0 start Pags ) [ I/ Desien Sumary () | L7 SIRMM_controllor_test module v £ | @ IP Cors Gemsrator L7 sonn_contrel « b}
Output g X
Info (CHMO004) : Generate timing report completed. -
Info (CM0002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 09:12:13 2017
[
Output | Errer | Warming | Info |
In: 86 Col: 24

6.4.4 & f§ bitstream X &

AT DB R G, Bid4%:4E. P&R. 774 bitstream 1.
T Gowin F# A bitstream SCAF R E BT KR EGMAH, 7
SDRAM 35 £ #1551

AR
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7 BEOW 7.1 HEik

EORF

7.1 R

P& U e R FE T A0 SDRAM MRS ER 73 o F P 9% 1 P 32 AR B e A S I
P 0 B N RS 5 28 DL ) 3 AR IS Bh B THE %55 . SDRAM 42 F1i 7 3 245 4]
gt SRR SR BSIRGEN R, FTA s A T 2 DR A AR B BT

7.2 AP OFFF

7.2.1 B PR OEERAE
7-1 B P OIEERAE
1 sdrc_clk (17 NI NI N 7o NI " NI 7 NI o N s NI T NI N4 N NI T
| care_ret i \\ hl
sdrc_selfiefesh NI i, i I
Lsdrc_power_dovn [ £ § i
1 scrc_w — \\ f hl
Lsdic 1 n 4
| sche_acr

|_sdrc_dgm
|_sdrc_data_len
|_sdrc_data
Q_sdrc_data
O_sdrc_init_done
O_sdrc_busy_n
Q_sdrc_rd_valid

Q_sdrc_wrd_ack

!

e Fd—‘\ delay 3 periods bl
—— ! ) \ =, W
[ i i\ W
— {§ § gz §

SDRAM 5 il 2§ 5L b i3 5 A A8 35 K 28 |_sdrc_data_len+1

IPUG279-1.4 31(34)




7 BEONF 7.3 SDRAM #: i} 7

7.2.2 APMEOSRIE

|_sdrc_clk
|_sdrc_rst_n
|_sdrc_selfrefresh
|_sdrc_power_down
|_sdrc_wr_n
|_sdrc_rd_n
|_sdrc_addr
|_sdrc_dgm
|_sdrc_data_len
|_sdrc_data
Q_sdrc_data
O_sdre_init_done
Q_sdrc_busy n
0O_sdre_rd_valid

0O_sdrc_wrd_ack

!

7-2 A PREOEH5E
N N NN N N N N N N N N N N N N N A

W W W
[ I I I
(I i, I I
[ g ﬁ\sw/
[ b W B
| o O 17, e
I i T\
I |
I e {
. |
I = >100us : % \ dElﬂY:“JEIiO\;S
Y W W \ ~ i
[
[y § § \SME"MS §

SDRAM $5 il 2% 55 brise 5 4G 28 K 24 |_sdrc_data_len+1

7.3 SDRAM EORF
7.3.1 SDRAM #1141

O_sdram_clk

Q_sdram_cke

O_sdram_cs_n

0O_sdram_cas_n

Q_sdram_ras_n

O_sdram_wen_n

O_sdram_dgm

O_sdram_addr[10]

0O_sdram_addr[9:0]

Q_sdram_ba

10_sdram_dg

7-3 SDRAM #1844t

1 2 3 4 5 8 7 8 9 10 1 12 13 14 15 1. 17 18 19 20 21 22 23

f f \\ \\
4 i) i, i,

NOP Precharge | NOP Auto Refresh NOP Auto[Refresh  NOP Load [Mode Register NOP Actie
L f f \\ e
T

! % ) )
CJDE R %-
CODE ROW
D—_B:%—.ddress

>100us REC tREC tMRD

i i i
Power-up
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7.3.2 SDRAM & 4{E
7-4 SDRAM iﬁﬁ%{’ﬁ

O_sdram_cli AN B N N N N N N N, N N N N A N U7 N N N
O_sdram_cke ) Y ) b b
0_sdram _cs_n i\ i i § 4
NOP Aclive NOP Repd Read NOP Precharge NOP.  Active NOP Read
Q_sdram_cas_n S \ﬁ N,
O_sdram_ras_n \( i “ _X\ W \( N, /
O_sdram_wen_n \\ \\ \\ 7 \\ \\
O_sdram_dqm [ X
RQw All Binks RAW
0_sdram_ader(10] N | (N . i e s | A
ROW Colymn Single Bank ROW Column
©_sdram_addr[3.0] [ | e |
Banl Address Bank|Address Bank Address  Bank Address Bank |Address
0_sdram_ba [
tRCD CL tRP tRCD
10_sdram_dg ()() () D{: ()() ()()

7.3.3 SDRAM B#{E
7-5 SDRAM Bi{E

0_sdram_clk N T T A T T s AT N T T T T T
O_sdram_cke
O_sdram_cs_n “ “ “ “ “
NOP Active NOP Write Write NOP Precharge NOP  Agtive NOP Write
0_sdram cas n ! ! AT )
O _sdram_ras_n \\ N, “ iy \ \\ \&—\——/7
O_sdram_wen_n \( N, ,—(%—\;Jﬁ mﬁ
O_sdram_dqm [ X
RQW All Balnks ROW
0_sdram_acif10] I N N |/ . i A VI s s N Y |
RQW Colymn Single Bank RQW Column
O_sdram_ac(s ] R O W o o o | e
BanK Address Bank| Address Bank Address  Bank Address Bank jAddress
O_sdram_ba Vi T I |
tRCD WR tRP tRCD
10_sdram do O o o o 4 o

7.3.4 SDRAM BaiRIER
7-6 SDRAM BEIRIE

0_sdram_clk N N o NV N N N N 7 N N N N 7 N N N NI

O_sdram_cke W i W

0O_sdram_cs_n “ “ “

NOP Precharge | NOP | Auto[Refresh NOP NOP Adiive NOP

0_sdram_cas_n \i \\ i W

0_sdram_ras_n \i N Y, I\

Q_sdram_wen_n

o_stam o EE——
All Banks ROW

0_sdram_adal10] DI | (@ s
Single Bank ROW

0_scram_adario0] M I T | o

Bank fddress
Q_scram ba s <
iRP. tRFC
10_sdram_dq ¥

IPUG279-1.4 33(34)




8 MERESE

SDRAM #= |23 W 1HiE 5 N Verilog, & EARSF EMERENAS 2 Wk 8-1 A,
3 8-1 SDRAM M ges %

e RmIZIES LUTs Registers BSRAMs PLLs Fmax

GW1N-4 Verilog 323 504 1 1 290MHz
GW1NR-4 Verilog 323 504 1 1 =90MHz
GW2AR-18 Verilog 285 488 1 1 =160MHz
GW2A-18 Verilog 285 488 1 1 =160MHz
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