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© Place & Route
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19

20 Emodule SDRAM controller test_module (

I clk,

I_rst,

O sdrc rd valid,
0_sdrc_error_flag,
0 _sdrc rd data,

0 sdram wen n,
O_sdram ras_n,
0 sdram cas n,
O_sdram cs_n,
O _sdram cke,
0_sdram clk,
I0 sdram dg,
O_sdram_addr,
0 _sdram ba,
O_sdram_dgm

)i

input wire TI_clk;
input wire I_rst;
output wire O sdrc_rd valid;

<

output wire O sdrc rd data;s
0

m

b

Tesion | Process [ start Page [ [ [ Desion Summary ‘ 7 SDEAM_controller_test module. v | '\ IF Cors Generator  SIRAN_control B
Dutput B x
Infa (CMOOD4) : Generate timing report compleced. -
Info  (CMO002) : Generate Tool-Run report completed.
Info  (CMO001) : Tue Jan 24 09:12:13 2017

|
Gutput | Error | Warning | Infa |

In: 86 Col: 24

6.3.2 i SDRAM Controller

i “Tools > IP Core Generator”

IPUG279-1.3

, PR IE 6-3 s,
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6.3 PR %4451

& 6-3 IP Core Generator -

-
W GOWIN FPGA Designer - [IP Core Generatar]

i File Edit Project Tools Window Help
[ (sl = o &
[Fm— & .
o pre: 5
1| Design Summary
4[] User Constraints Name
1| FloorPlanner 4 FIFO
% Timing Constraints Editor o FIFO
4 {2 Synthesize (Synplify Pro) " FIFO_SC
Synthesis Report }' SDP_FIFO
P w SDP_FIFO_SC
_ Netlist File Y 12C Slave
4 i) Place & Route % 12C Slave
Place & Route Report . MIPI
Timing Analysis Report & MIPIRX
Ports & Pins Report s MIPITX
| Power Analysis Report - Memory Interface
IH Program Device “«» DDR2 Memaory Interface

SDRAM Controller

©4» SDRAM Controller(With embedded SDRAM)
SDRAM Controller(With external SDRAM)

SDRAM Controller(With embedded
SDRAM)

=| Information
Type: SDRAM Controller
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.

el Maodule
4 Block Memory
o DP - Copyright® 2014-2017 GOWIN Semiconductor. All Rights Reserved.
Design | Process ® Start Page | ] Tesign Sunmary & IF Core Generator %]
Output 8 x
Info (PW0001) : Power analysis completed. -
Info (CMO00B) : Generate "SDRAZM Controller top.power.html' file completed.
Info (CMOO008) : Generate "SDR2ZM Controller top.tr.html' file completed. |7|
Info (CMDODB) : Generate 'SDRAM Controller top.ve' file completed. m

|| output | Error | #arming | Infe |

%P GW2AR-18-LQFP144 344, X “SDRAM Controller(with

embedded SDRAM)”, 3t S tn & 6-4 Fran, EBRGEIRI AT, #d “OK”,
£ i SDRAM_controller_top_SIP fHk,

& 6-4 SDRAM Controller &M

-
Wy Custorize IP M
SDRAM Controller (With embedded SDRAM) o
File
Target Dewice: GHZAR-15-LOFP144
I Create In: _zwlar18_RefDsign'projectisrc'SORAM_controller_top_SIP E I
= _sarc ok 0_sorg_cealx 0] =
— ] |_sram_ow Module Hame: Areller_top SIF  File Hame: -p_SIF Add to Cwrrent Project I
— _saro sertetesn o_sarg it done k=
—|_sarg oowsr_gown Options
B ke e i e Generation Config
— _sarc o
N . S Dizable I/0 Inzertion
| == |_sdr o data_len[70]
=t _sar gm0 C_mars_w_sck e
I = _sar g dana(310]
| 0K || Caneal Help
1 =
IPUG279-1.3 20(29)
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6.3.3 f5l4¥ SDRAM Controller

£ L1511k, SDRAM_controller_top_SIP,

& 6-5 54t SDRAM_controller_top_SIP

K 6-5 frns.

r =
{4 GOWIN FPGA Designer - [E\Deme_program\DK_DEV_GW2AR1E V1 10\SDRAM test_Project\SDRAM _test SIP_can_readback_data_test_data\SDRAM_test SIP\src\SDRAM_controller_test.... L= =) (I

[+ Ele Edit Project Tools Window Help

> = —Ll

]

=& x

Process a8 X a5 -
| Design Summary
4 [ User Constraints WA= SDRAM controller top SIP b2v_inst(
1 FloorPlanner 88
7| Timing Constraints Editor 89 .0_sdram_clk(O_sdram clk),
4 (D) Synthesize (Synplify Pro) 90 .0_sdram cke (0O_sdram cke),
Synthesis Report 91 .0_sdram _cs_n(O_sdram _cs_n),
Netlist File 92 .0 _sdram cas n(0_sdram cas n),
4 (D Place & Route 93 .0_sdram_ras_n(0O_sdram_ras_n), !
Place & Route Report 94 .0_sdram wen_n(O_sdram wen_n),
Timing Analysis Report 95 .0_sdram_dgm(O_sdram dgm),
Ports & Pins Report 96 .0_sdram addr (0O_sdram addr),
Power Analysis Report 97 .0_sdram_ba (0_sdram_ba),
Uit Program Device 98 .I0_sdram dq(IO_sdram dq), —
99
100 .I_sdrc_rst_n(rst_sys), =
101 .I_sdrc _clk(clkout o),
102 .I_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 sadrc addr(sdrc addr),
108 .I_sdrc_data_len(sdrc_data_len),
109 .I sdrc dgm(sdrc dgm),
1|10 .I sdrc data(user : data) . S
< . »
Tesign | Process | start Page [ | 1 Desien Sumnary ‘ 7 SDRAM_zontroller_test_module. v [0 | 0 TP Core Generator ./ SIRAM_control B
Dutput 8 x
Info (CMOOD4) : Generate timing report completed. ~
Info (CM00D2) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 09:12:13 2017
[
Output | Error | Warning | Infe |
In: 86 Col: 24

6.3.4 4 X bitstream 3 £

IPUG279-1.3

BEAT L E AR A,

SUR

s, P&R, 774 bitstream S04

i Gowin ??ézzf%lﬂ bitstream LA T 42 T R AR SR
RO W% SDRAM i35 5.

A 3E
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6.4 FhHEBIZEH
6.4.1 {TFIEE

Ja 3 Gowin mIEHME, FTH THE, WK 6-6 frs.

& 6-6 FTF IR

{X GOWIN FPGA Designer - [EADemo_program\DK_DEV_GW2AR18_V110\SDRAM_test_Project\SDRAM _test_SIP_can_readback_data_test_data\SDRAM_test SIP\src\SDRAM_controller_test_... (-=:|: ). jmeiSm|

_ Ele Edit Project Tools Window Help

i ~OhiD 8

B EE

Frocess o3

I Design Summary
a [ User Constraints
i 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

1w >
4 Program Device

19

20 Emodule SDRAM controller test_module (
21 I clk,

22 I_rst,

23 O sdrc rd valid,
24 0_sdrc_error_flag,
25 0 _sdrc rd data,
26

27

28 0 sdram wen n,
29 O_sdram ras_n,
30 0 sdram cas n,
31 O_sdram cs_n,

32 O _sdram cke,

33 0_sdram clk,

34 I0 sdram dg,

35 O_sdram_addr,

36 0 _sdram ba,

37 O_sdram_dgm

38 |):

39

40 -

41 input wire I_clk;
42 input wire I_rst;

43 output wire O _sdrc rd valid;
44 output wire O sdrc rd data;
n

<

m

b

Tesion | Process [ start Page [ [ [ Desion Summary ‘ 7 SDEMM_controller_test_module. v [ | '\ IF Cors Generator  SIRAN_control B
Dutput & x
Infa (CMOOD4) : Generate timing report compleced. -
Info  (CMO002) : Generate Tool-Run report completed.
Info  (CMO001) : Tue Jan 24 09:12:13 2017

|
Gutput | Error | Warning | Infa |

In: 86 Col: 24

6.4.2 A SDRAM Controller
Hit; “Tools > IP Core Generator”, #H S & 6-7 s,

IPUG279-1.3
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6 S HI %4451 6.4 SMERIZEH)

& 6-7 IP Core Generator A H

o e =
a q . —
¢ GOWIN FPGA Designer - [IP Core Generator] - a - - a A a e - { g
i File Edit Project Tools Window Help &%
DEHS = Hh:o&
X
B2 ruret v &
1| Design Summary
4 [} User Constraints Name il .
5 Hoorplanner 4 5 Ao L SDRAM Controller(With external
# Timing Constraints Editor 4 FIFO )
4 D Synthesize (Synplify Pro) e FIFOSC SD ImM
& SDP_FIFO
Synthesis Report § -
Netist Fil 4 SDP_FIFO_SC L
etlist File 3 =
+ @0 4 12C Slave Information
) Place & Route & 12€ Slave f
Place & Route Report 4 MIPI Type: SDRAM Controller 0
i Timing Analysis Report rY
9 X v P e MIPIRX | Vendor: GOWIN Semiconductor
Ports & Pins Report & MIPI TX
Sower Analysis Repart . Memory Interface summary: The SDRAM conFroIIer allows de5|gn§rs to create cu5t0m systems in
B Program Device DDR2 Memary Interface one GOWIN device that connect easily to SDRAM chips. This SDRAM
4 SDRAM Controller Controller located between the SDRAM and the user logic, reduces the
i SDRAM Controller(With embedded SDRAM) user's effort to deal with the SDRAM command interface by providing a
. SDRAM Controller(With external SORAM) simple generic system interface to the user. |
4 Module
4 Block Memory - opyri 014-2017 GOWIN Semiconductor. All Rights Resarved.
Desien | Process P Start Page B | ] ., B & IF Core Generator B
Output 8 x
Info (PW0001) : Power analysis compleced. -
Info (CMO00B) : Generate "SDRAZM Controller top.power.html' file completed.
Info (CMO008) : Generate 'SDRAM Controller top.tr.html' file completed. [
Info (CMD008) : Generate 'SDREM Controller top.vo' file completed. -

Output | Errer | farming | Infe |

P GWIN-4-LQFP144 Z4/F, Wi “SDRAM Controller(with external
SDRAM)”, # it F Kl 6-8 firx, SHEIXARHE 74 SDRAM 174 #5124k
HHATECE, RJEds “OK”, 4:pi SDRAM_controller_top_SIP bk,

IPUG279-1.3 23(29)
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[ 6-8 SDRAM Controller #AH

-

Wy Customize IP

SDRAM Controller (With external SDRAM) oo

File
Target Dewice: GWIH-4-LOFP144
Create Im: wZarlS_RefDsizn'projectisrc \SDEM_controller_top_SIP E]

Module Hame: oller_top_SIF  File Hame: 2p_SIT #dd to Cuwrrent Froject I

e 01 mor e _ o34 10) O _sdram_ck [
C_mra_cis [l Options
B P 1 ey _os_ ) [~
C_sdram_cas_n [~ . .
N Data Width: 2 - Bark Width: (2 v
(o s g ERd 2 -]
| e o_saram_wen_n [ Row Hidth: Colunn #idth:
= |_sdrc_sefretesh O_sar me_digen (307 i
B A Refresh Period: B4000000 o= &
=] |_sdrs_wr_n O_sarm_biaf1-0] = Refresh Times: 4006 |5
= |_sairc_rd_m
o sars_gamE 0] i Clock Period: 10 n= (5| (4-100)
i |t il F 20000
a C_ini_ = . - -
| _nirz_caes_mem T::.;,—-‘;:-‘j—p tEP Period: 3 = CL Period:
e O_sairc_oi_vaiid == tMED FPeriod: 3 = tEFC Period: 9 =
= _sars_pacaz10] O_sdrc_wrd_ack [
tWE Period: 3 = tECTH Period: 3 =
Generation Config I
Dizable I/0 Inzertion
0K ] [ ) Help

6.4.3 fl4£ SDRAM Controller
& TR 14k, SDRAM_controller_top_SIP, #n/& 6-9 ffi7x.

IPUG279-1.3
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6.4 SMERIZEH)

& 6-9 #l{t SDRAM_controller_top_SIP

[ GOWIN FPGA Designar - [EADemo.pragram\DK_DEV_GW2AR18_V1 10\SDRAM_test_Project\SDRAM_test_SIP_can_readback_data_test_data\SDRAM_test_SIP\src\SDRAM_controller_test.... |20 e |
[+ Hle Edit ije:t Tools  Window Help NEE
‘ 7‘ | = L ™~ ‘\'[ . Bﬂ
Process #x| 85 -
| Design Summary 86
4 [} User Constraints A= SDRAM controller top SIP b2v _inst(
7 FloorPlanner 88 -
7 Timing Constraints Editor 89 .0_sdram clk(0_sdram clk),
4 @ synthesize (Synplify Pro) 90 .0_sdram_cke (O_sdram cke),
Synthesis Report 91 .0_sdram cs_n(0_sdram cs_n),
Netlist File 92 .0 _sdram cas n(0_sdram cas n),
4 (D Place & Route 93 .0_sdram_ras_n(0O_sdram_ras_n), f
Place & Route Report 94 .0_sdram wen n(0_sdram wen n),
Timing Analysis Report 95 .0_sdram_dgm(O_sdram dgm),
Ports & Pins Report 96 .0 _sdram addr (0_sdram addr),
Power Analysis Report 97 .0_sdram_ba (0_sdram_ba),
Ui Program Device 98 .I0 sdram dgq(IC_sdram dq), T
99
100 .I sdrc rst n(rst sys), =
101 .I_sdrc_clk(clkout o),
102 .I_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) . S
4 . o
Design | FProcess . Start Page || | | Design Summary || ‘ '\ IF Core Generator || . SIRAM_control 4 {p
Dutput 8 x
Info (CMOOD4) : Generate timing report completed. -
Info (CM00D2) : Generate Tool-Run report completed.
Info (CM0O001) : Tue Jan 24 09:12:13 2017
[
Dutput | Error | Warning | Info |
In: 86 Col: 24

6.4.4 % X bitstream 3
AT BEWZR ),

iHid Gowin ?f@i?ﬁﬂ”j bitstream SCAF T £ 3 FF & Ak BN

s, P&R. 74 bitstream 0.

WA, JE

RO ML SDRAM 125 HidiE 50

IPUG279-1.3

25(29)




7 O 7.1 MR

7 o

7.1 BER

U 7 B 4% L AT SDRAM P70 - 2 11 ek e 3 A 455 32
PP AVE I, F P O B e A\ i 5 1) ASZ 1 4 A I B _E TR 55
SDRAM 4% 1B /7 EZ ARG ST S5, BB, B
A AE 5 2 LA ) Es TARR b BT x5

7.2 AP O R

7.2.1 A PO IRRE
B 7-1 B PR OIERAE
N N N N\ 7 N N U N N N N N N N S N

_sdrc_clk

I_sdrc_rst_n

I_sdrc_selfrefresh

I_sdre_addr - —
|_sdrc_dgm I 0 |
Isdrc_data len | (| -y, T
L

I_sdic_data D e I
0_sdrc_data L | — (T (7 3 4 iido (ono@
O_sdre_ini_done - >100us : \ delay 3 periods

sy Y \\ i = A
0_sdrc_rd_valid [ \

', delay 2 periods

iE!
SDRAM # il #5 S brisk 57 AR K FE 5 |_sdrc_data_len+1
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7 B 7.3SDRAM #2 O ¢

7.2.2 AREOSHE
B 72 A O SHR4E

I_sdre_clk N N N N N W N N A N N A N N N N N
I_sdrc_rst_n

|_sdre_selfrefresh |,

I_sdrc_power_down [N

|_sdrc_wr_n [y

|_sdrc_rd_n [

I_sdrc_addr 1 AL A e
|_sdrc_dgm | 0 |

I_sdrc_data_len

I_sdre_data 1
0_sdre_data T | S S S

b >100us e
O_sdrc_init_done [N -

- T \ delay 3 perio\és
O_sdrebusy n Y *, i
O_sdre_rd_valid [y

delay 2 periods
O_sdrc_wrd_ack [N hrd N,
-
SFI
4. N

SDRAM F il 4% SE bR 5 A R8s K 204 |_sdrc_data_len+1

7.3 SDRAM #OKFF

7.3.1 SDRAM %)Jilf:.‘{«l_’,
[E 7-3 SDRAM #Ji&1k

1 2 3 4 5 3 7 3 9 10 1" 12 13 14 15 18 7 18 19 20 2 22 P

0_sdram_clk
0O_sdram_cke
0_sdram_cs_n
0_sdram_cas_n
O_sdram_ras_n
Q_sdram_wen_n
0O_sdram_dgqm
0O_sdram_addr{10]
0_sdram_addr[9:0]
0_sdram_ba

10_sdram_dgq

IPUG279-1.3

N S B N N N U N S A N B N N W N N 0 N A N U

NOP  Precharge NOP  Auto|Refresh NOP Auto|Refresh  NOP Load Mode Register NOP Actiye
I S —
CADE R;W
CAODE ROW
I | O T [ @
Bank Address
>100us RFC RFC MRD
+ i ( i

P(}vepup
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7 B 7.3SDRAM #2 O ¢

7.3.2 SDRAM iE1E
E 7-4 SDRAM ik

0_sdram_clk AN N N N N N N N A N N T N W N A NI A N N
O_sdram_cke ) ) ) i) i)
0O_sdram_cs_n
NOP Aclive NOP Repd Read NOP Precharge NOP  Active NOP Read
0O_sdram_cas_n N
O_sdram_ras_n A SN
0O_sdram_wen_n il
O_scram dom | X
RQwW All Banks ROW
0_sdram_acar(10] NI | | e | . | A
RQW Colymn Single Bank RQW Column
0_sdram_adar(o.0] I | [ (] ] G D T |
BanK Address Bank Address Bank Address  Bank Address Bank |Address
O_sdram_ba L -
tRCD CL RP tRCD
10_sdram_dgq Y

7.3.3 SDRAM E#E

E 7-5 SDRAM Big{E
TN T T AT T A N T T T

0_sdram_clk

O_sdram_cke

©_sdram cs n I I 1 % §
NOP Acfive NOP rite Write NOP Precharge NOP  Active NOP Wirite
0O_sdram_cas_n AN

O_sdram_ras_n W
0_sdram_wen_n \S N / )T\__/\\ \%—\_
Q_sdram_dqm [y

RQwW All Bgnks ROW

0_stram_acar(10] | @R . AED_ [ AW | o | S
ROQW Colymn Single Bank RAOW Column
0_sdram_acar(s0] IS | @RS | C o W T [ s | i |
BanK Address Bank| Address Bank Address  Bank Address Bank|Address
0_sdram_ba
tRCD TWR tRP tRCD.
10_sdrem_dq LA G GRS SR G A v
7.3.4 SDRAM B zhRl#h
7-6 SDRAM BRI
1 2 3 4 5 6 T 8 9 1w 11 12 13 14 15 16 17 18 19 20 21 2 23

0_sdram_clk

N N N N N N N A N W N N U N N N

0_sdram_cke

O_sdram_cs_n

NOP Precharge  NOP | Auto|Refresh NOP NOP Adive NOP

0_sdram_cas_n / |

0_sdram_ras_n S

O_sdram_wen_n N / i

0_sdram_dqm 0 e
All Banks ROW.

0_sdram sddft0] S | @ o
Single Bank ROW

0_scram_scar(o.0] I I, I [

Bank Address

0_sdram_ba O W I [

iRP. tRFC.
10_sdram_dq ¥
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SDRAM #% | 28 % 1Hi& 5 A~ Verilog, 7£RAKZ8F _ERPHERENNIAS % ik

8-1 AT

% 8-1 SDRAM 14 RS &

Pryls IFEE S LUTs Registers BSRAMs PLLs Fmax
GW1N-4 Verilog 323 504 1 1 =90MHz
GWI1NR-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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