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1 About This Guide

1.1 Purpose

1.1 Purpose

1 About This Guide

The purpose of this Gowin SDRAM Controller User Guide is to help

users to quickly understand the features and functionality of the
GOWINSEMI SDRAM controller by providing an overview of the
associated functions, architecture view, principles, signal definition,
parameters, GUI, and interface timing.

1.2 Related Documents

The latest user guides are available on the Gowin Semi website. Refer

to the related documents at www.gowinsemi.com:

IPUG279-1.4E

DS100, GW1N series of FPGA Products Data Sheet

DS117, GW1NR series of FPGA Products Data Sheet

DS102, GW2A series of FPGA Products Data Sheet

DS226, GW2AR series of FPGA Products Data Sheet

DS981, GWA5AT series of FPGA Products Data Sheet

DS1103, GW5A series of FPGA Products Data Sheet

DS1239, GW5AST series of FPGA Products Data Sheet

DS1105, GW5AS series of FPGA Products Data Sheet

DS1108, GW5AR series of FPGA Products Data Sheet

DS1118, GW5ART series of FPGA Products Data Sheet

SUG100, Gowin Software User Guide
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http://www.gowinsemi.com/en/
http://cdn.gowinsemi.com.cn/DS100E.pdf
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http://cdn.gowinsemi.com.cn/DS226E.pdf
http://cdn.gowinsemi.com.cn/DS981E.pdf
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1 About This Guide

1.3 Abbreviations and Terminology

1.3 Abbreviations and Terminology

The abbreviations and terminology used in this manual are as shown

in Table 1-1.

Table 1-1 Abbreviations and Terminology

Abbreviations and Terminology

Full Name/Meaning

CL

CAS Latency

FPGA Field Programmable Gate Array

I/O Input/Output

SDRAM fﬂ);r:ﬁgsrz%ﬁw[;ynamw Random Access

tMRD LOAD MODE REGISTER command _to
ACTIVE or REFRESH command period

tRCD ACTIVE-to-READ or WRITE delay

tRFC AUTO REFRESH period

tRP PRECHARGE command period

tWR WRITE recovery time

1.4 Support and Feedback

Gowin Semiconductor provides customers with comprehensive
technical support. If you have any questions, comments, or suggestions,
please feel free to contact us directly using the information provided below:

IPUG279-1.4E

Website: www.gowinsemi.com

E-mail: support@gowinsemi.com
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2 Function

2.1 Introduction

Function

2.1 Introduction

SDRAM is widely used for its high cost-performance. As SDRAM has
strict timing requirements and complex logic control, a dedicated controller
is required to implement the initialization, data read/write, refresh, and
pre-charge functions.

The SDRAM controller can meet the needs of FPGA users by reducing
the complexity of system development and decreasing product
development time. The SDRAM is located between the SDRAM controller
and the user logic modules. It offers a user-friendly interface and can read
from or write to SDRAM.

The Gowin Software can be used with two different SDRAM
controllers per the users’ needs. The first is an external SDRAM controller
for GW1N-4, GW1A-18, etc. This controller should be configured according
to the external SDRAM. The second is an embedded SDRAM controller for
GW2AR-18, GW1NR-4, etc., and this SDRAM IP can be generated directly
without the need to set parameters.

Users can utilize the Gowin Software to generate the SDRAM controller,
configure the parameters, place and route, etc.

2.2 Features
2.2.1 External SDRAM Controller

IPUG279-1.4E

e Configurable width of SDRAM data, address, row/column, etc.
Configurable SDRAM refresh times, etc.

Configurable timing parameters.

Configurable SDRAM working clock cycle.

Can support any length read/write operation within the range of
1~Page.

Supports auto-refresh.
Supports self-refresh.
® Supports power-down.

3(30)




2 Function 2.2 Features

® Supports industry-standard SDRAM.
o Fully synthesizable.

2.2.2 Embedded SDRAM Controller

® Displays SDRAM interface parameter values and timing parameters.
Supports any length read/write operation within the range of 1~Page.
Supports auto-refresh.

Supports self-refresh.

Supports power-down.

Supports industry-standard SDRAM.

Fully synthesizable.

GW1NR-4 supports two kinds of embedded controller: 32-bit data
width and 16-bit data width.

IPUG279-1.4E 4(30)




3 Signal Definition

3.1 Introduction

3.1 Introduction

The SDRAM controller is located between the SDRAM and the user
logic modules, as shown in Figure 3-1. The signals that are available on
the user logic side predominantly consist of data signal, address signal,
control signal, status signal, etc. The signals on the SDRAM side mainly
include data signal, address signal, and command signal.

3 Signal Definition

Figure 3-1 System Architecture

. Data Data
Addr Addr
User Logic Csoaﬁg\lll\gr SDRAM
| _Control , Command
Status
3.2 SDRAM Signals
Table 3-1 Description of SDRAM Signals
No. | Signal Name I/O Description Remarks
1 O_sdram_clk I Clock
2 O_sdram_cke I Clock enable
3 O_sdram_cs_n | Chip select The I O direction
Eol i of all signals takes
4 O_sdram_cas_n I olmn adaress the SDRAM as
strobe reference.
5 O_sdram_ras_n | Row address strobe
6 O_sdram_wen_n | Write enable

IPUG279-1.4E
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3 Signal Definition

3.3 User Signals

No. | Signal Name I/O Description Remarks

7 O_sdram_dgm | Data mask control
O_sdram_addr | Address

9 O_sdram_ba | Bank address

10 IO_sdram_dq I/1O Data

3.3 User Signals

Table 3-2 Description of User Signals

IPUG279-1.4E

No.

Signal Name

I/O

Description

Remarks

|_sdrc_rst n

Reset signal, active low

|_sdrc_clk

SDRAM controller working clock

|_sdram_clk

SDRAM working clock

|_sdrc_selfrefresh

Self-refresh control
1: self-refresh enable
0: self-refresh disable

|_sdrc_power_down

Lower power consumption control
1: lower power consumption enable
0: lower power consumption
disable

|_sdrc_wr_n

Write enable
Active-low, one clock cycle of pulse
width

| sdrc_rd_n

Read enable
Active-low, one clock cycle of pulse
width

|_sdrc_addr

Address

|_sdrc_dgm

Data mask control

10

|_sdrc_data_len

Read/write data length

Take |_sdrc_data_len[7:0] for
instance, the port input range is
0~255, and the corresponding valid
read/write length range is 1~256,
and so on.

11

|_sdrc_data

Write data

12

O_sdrc_data

Read data

13

O_sdrc_init_done

Power-on initialization indication
1: done
0: undone

14

O_sdrc_busy n

Idle/busy controller indication
User logic can issue read/write
operation when the controller is
idle.

1:idle

0: busy

15

O_sdrc_rd_valid

Active data reading indication, high
active, and aligns with valid data

16

O_sdrc_wrd_ack

Read/write request response,
active high

After receiving the read/write
request, the SDRAM controller

The I/O
direction
of all
signals
takes the
SDRAM
as
reference.
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3 Signal Definition

3.3 User Signals

IPUG279-1.4E

No.

Signal Name

I/0

Description

Remarks

sends the signal after two clock
delays, one clock cycle width

7(30)




4 GUI Parameters 4.1 Introduction

4GUI Parameters

4.1 Introduction

Users can use the SDRAM controller GUI to set the SDRAM interface
data, address width, etc., and the timing value of the SDRAM controller.

For the external SDRAM controller, users can set the parameters on
the "Customize IP" page of the Gowin Software according to the value of
the detailed external SDRAM parameters.

For the embedded SDRAM controller, users do not need to set the
parameters because the SDRAM controller is embedded in FPGA devices
and the parameters are fixed.

4.2 External SDRAM GUI Parameters

Table 4-1 Interface Parameters

No. | Name Value Range | Default Value | Description
1 Data Width 8/16/32/64 32 SDRAM data bus width
2 |BankWidth | 1/2 2 SDRAM BANK address
width
3 Row Width 11/12/13/14 | 11 SDRAM row address width
4 | ColumnWidth |8/9/10/11/12 | 8 SDRAM column address
width
Table 4-2 Time Delay Parameter
No. | Name Range | Default Value | Description Remark
Working clock | Used for
>4 cycle of auto-refresh.
1 Clock Period . 10 SDRAM
<100 .
controller, in
ns.
Auto-refresh | The value is
. cycle of determined by
2 Refresh Period =1 64000000 SDRAM. in the specific
ns. chip
3 Refresh Times =1 4096 Auto—refresh parameters.
times of

IPUG279-1.4E 8(30)




4 GUI Parameters

4.2 External SDRAM GUI Parameters

IPUG279-1.4E

No. Name Range | Default Value | Description Remark
SDRAM.

4 CL Period 1/2/3 3 CAS latency. | The specific
PRECHARG | valueis

5 tRP Period 21 3 E command determined by
period. the specific
AUTO chip

6 tRFC Period >1 9 REFRESH parameters.
period. The value is
LOAD MODE | the number of
REGISTER the controller
command to | clock.

7 tMRD Period 21 3 ACTIVE or
REFRESH
command
period.
ACTIVE-to-R

8 tRCD Period 21 3 EAD or
WRITE delay.
WRITE

9 tWR Period 21 3 recovery
time.

9(30)




5 Principle 5.1 Introduction

Principle

5.1 Introduction

The SDRAM controller offers parameter configuration, auto-refresh,
user interfaces, and command control. The auto-refresh, data read/write,
etc., functions are achieved through communication with the other
modules.

5.2 Principle Diagram

Figure 5-1 Principle Diagram

Parameters
| SDRAM Clock Definition
/ y
Working
A
Address Address
User Auto-refresh > ————| Memory
Interface Interfafce
Wite Data User Interface Address Command Control Control
ﬁ
Read Data Data
Q: Da[a
ﬁ
Control Control

5.3 SDRAM Commands

The common SDRAM commands include no operation, active, read
operation, write operation, pre-charge, auto-refresh, configuration mode
register, etc. Table 5-1 provides an overview of the operation and definition
of the commands that are available.

IPUG279-1.4E 10(30)




5 Principle

5.4 Initialization

Table 5-1 Definition of the SDRAM Commands

Command Name CS RAS CAS WE
Command Inhibit H X X X
NOP L H H H
Active L L H H
Read L H L H
Write L H L L
Burst Terminate L H H L
Pre-charge L L H L
Auto Refresh or Self Refresh | L L L H
Configuration Mode Register | L L L L
Write Enable X X X X
Write Inhibit X X X X
Notes!

e X:Any; L: Low level; H: High level
e CS: chip select; RAS: row selection; CAS: column selection; WE: enable

5.4 Initialization

The SDRAM must be initialized using the SDRAM controller before
being powered up. After power is applied to the VDD and VDDQ
(simultaneously) and the clock is stable, the SDRAM requires a 100us
delay prior to issuing any commands other than the INHIBIT or NOP
commands. Following that, two auto-refresh cycles must be performed.
After the auto-refresh cycles are complete, the SDRAM is ready for mode
register programming. The mode register is programmed via the 0/1
signals from the address line. After programming the mode register, the
user will need to wait at least tMRD time. The SDRAM will enter the normal
working state.

5.5 Refresh

SDRAM refresh options consist of self-refresh and auto-refresh.

® Self-refresh operation: When the self-refresh command is initiated and
CKE is set to low, self-refresh mode is engaged. SDRAM saves data
via self-refresh. To exit the self-refresh mode, set CEK to high when the
self-refresh command is initiated.

® Auto-refresh operation: The auto-refresh command is used to refresh
the parameters according to different chips. The SDRAM controller will
send auto-refresh commands periodically to trigger the SDRAM to
refresh and retain the data.

5.6 Read Operation

IPUG279-1.4E

After initialization, if the SDRAM controller needs to address the array
in one bank, confirm the row first and activate it before confirming the
column.
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5 Principle 5.7 Write Operation

The specific flow is as follows:
Activate the row address of the bank from which to read data.

Send the read command after the tRCD delay and simultaneously write
the corresponding column address.

3. The SDRAM will begin to output the data after CL.

After reading the date, pre-charge the corresponding bank (or all
banks). Perform the other operations after the tRP period.

5.7 Write Operation

The flow of the write operation is the same as that of the read
operation. Please refer to Section 5.6 Read Operation for further details.

IPUG279-1.4E 12(30)




5 Principle 5.8 Working Flow

5.8 Working Flow

5.8.1 Read/Write Flow
Figure 5-2: Read/Write Working Flow

( Power-up )

o
A

Initialization Wait
=100us

\d
SDRAM
Controller
Initialization

A

Refresh Complete > Idle State

“ i !

Precharge Process

Ad

Auto-refresh v mrefresh ' ‘ A:vae
begins wr or not2— N Complete
N

Y

/ ) Read/Write per
Read/Write data length

‘@est? - /
/

L.

Y
Send Activate/
Read/Write N——p Read/Write

commands

The specific read/write flow is as follows:

Initialization wait, go to Step (2) after the preset waiting time.
Start SDRAM initialization, and progress to Step (3).

Put the SDRAM controller in an idle state.

Verify whether there is auto-refresh request; if yes, auto-refresh before
progressing to Step (3); if not, go to Step (5).

4. Verify whether the interfaces on the user side have received a
read/write control request; if yes, start the read-write data address and
length processing first and then send the read/write request before
progressing to Step (6); if no, return to Step (3).

W NP =

IPUG279-1.4E 13(30)




5 Principle 5.8 Working Flow

5. Send Activate, Read/Write commands to SDRAM. Proceed to Step (7).
6. Read/Write according to the data length.

7. Verify whether the read/write operation has ended or not; if yes,
proceed to Step (9); if not, return to Step (7).

8. Precharge and return to Step (3) after precharging is complete.

5.8.2 Initialization Flow
Figure 5-3 Initialization Flow

e
( Power-up )
N .
Y
» Idle State
N :
Wa;gggtgme ' ‘,/ Initialization \\‘
Wments/ \ Complete Y
/ ,f,
| v
H |
nfiguration
> Precharge <_ Mode Register >———
\\ ends
\

N N
/Pra:/harwe\ Configuration
 — meets - Mode Register =
requirements? State

% Y
» Auto-refresh state /mgf{i%e

’ meets
¢ \eq%ements?
o-refresh
waiting time ™ .

meets ————Y——m» Auto-refresh State
requirements?

The detailed initialization flow is as follows:

1. After power-up, the SDRAM controller enters an idle state; progress to
Step (2) after the preset initialization waiting time, or keep waiting.

2. Precharge and send a pre-charging command; progress to Step (3)
after the preset waiting time, or keep waiting.

3. Auto-refresh and send an auto-refresh command; progress to Step (4)
after the preset waiting time, or keep waiting.

4. Auto-refresh and send an auto-refresh command; progress to Step (5)
after the preset waiting time, or keep waiting.

IPUG279-1.4E 14(30)




5 Principle

5.8 Working Flow

6.

Enters the configuration mode register state and send configuration
mode register command; progress to Step (6) after the preset waiting
time, or keep waiting.

Initialization is complete.

5.8.3 Auto-refresh Flow
Figure 5-4 Auto-refresh Flow

IPUG279-1.4E

( Power-up

 J

» Initialization State

N i
ARN \

. Initialization s
\%plete?

Y
Y

> Idle State

T
/ o
Self-refresh
erst? -
_—

!

Send auto-refresh Send Self-refresh
Commands Exit Commands
| i
! ]
Self-refresh
Self-refresh State HN%&XH Request?
\/

The auto-refresh flow process is as follows:
After power-up, the SDRAM controller enters a waiting state.

Verify whether the initialization is complete or not; if yes, progress to
Step (3); if no, keep waiting.

Verify whether there is an auto-refresh request; if yes, proceed to Step

(4).
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5 Principle 5.8 Working Flow

Send an auto-refresh command; progress to Step (5).

5. The xxx enters the auto-refresh state. Verify whether there is
auto-refresh exiting request; if yes, progress to Step (6).

6. Send an auto-refresh exiting command, and then return to the idle
state.

5.8.4 Power-down Flow

Figure 5-5 Power-down Flow

( Power-up J

A

p Initialization State

:

R — Initializatio
omplete?

Y

\

> Idle State? -t

\
Power-down
Request

Y

v

Send
Power-down Send Power-down

Commands Exit Commands
| i
Y Y
\/ \
Power-down Power-down
State ~_Exit Request—

!

The power-down flow is as follows:
1. After power-up, the SDRAM controller enters a waiting state.

2. \Verify whether the initialization is complete or not; if yes, go to Step (3);
if no, keep waiting.

3. Verify whether there is power-down request; if yes, proceed to Step (4).

IPUG279-1.4E 16(30)




5 Principle 5.8 Working Flow

Send a power-down command. Proceed to Step (5).

5. XX enters the power-down state. Verify whether there is a power-down
exiting request; if yes, proceed to Step (6).

6. Send a power-down exiting command, and then return to the idle state.

IPUG279-1.4E 17(30)




6 Examples and Explanation 6.1 Introduction

Examples and Explanation

6.1 Introduction

This chapter described the use of the Gowin Software interface to
configure parameters and generate a SDRAM controller module according
to user requirements. Application cautions are also described.

When you instantiate an embedded SDRAM controller in your design,
the 1/O ports connected with the SDRAM controller in the top design
module should have the same name as that of the embedded SDRAM
controller. Gowin Software will perform place and route automatically
according to the designed 1/0O port name, which facilitates smooth
communication between the SDRAM controller and the SDRAM.

Examples of the operation flow of the two controllers are described
below.

6.2 Application

The SDRAM controller application mainly includes PLL, user logic,
SDRAM controller, and SDRAM. Figure 6-1 shows the SDRAM application
diagram.

The PLL is an internal clock resource of the FPGA, used to generate
the SDRAM memory clock (I_sdram_clk) and the SDRAM controller clock
(I_sdrc_clk) through clock division or multiplication. During SDRAM
controller operation, the phase of |_sdram_clk can be adjusted to meet the
setup and hold time requirements of read and write signals, ensuring
correct data writing and synchronization between the read data and the
valid window.

All input/output signals of the user logic interface align with the rising
edge of |_sdrc_clk.

IPUG279-1.4E 18(30)




6 Examples and Explanation

6.2 Application

IPUG279-1.4E

Figure 6-1 Application Diagram

|_sdram_clk
CLK in
= PLL |_sdrc_clk
/
. Data Data
Addr
Logic Control Controller
Command
Status

Note!

e For external SDRAM, the input/output DFF of the SDRAM side can be constrained to
IOLOGIC DFF to improve the transmission performance.

e For embedded SDRAM, the signals on the SDRAM side occur on Module ports after
the SDRAM controller is called. These signals should be led to the TOP layer and
retain the same names. These signals do not need constraints in .cst files.

e  When the GW1NR-4 32-bit width controller is called, the clock frequency of

|_sdrc_clk must be half that of |_sdram_clk frequency; |_sdrc_clk and |_sdram_clk
have the same clock frequency in other cases.
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6 Examples and Explanation

6.3 Example of an Embedded SDRAM Controller

6.3 Example of an Embedded SDRAM Controller
6.3.1 Open an Existing Project

Start the Gowin Software and open an existing project, as shown in
Figure 6-2.

Figure 6-2 Open an Existing Project

{4 GOWIN FPGA Designer - [E\Demo_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= = (It

o Hle Edit Project Iools Window Help

" % Coy

#

N EE

Process & X 19 -
| Design Summary 20 Emodule SDRAM controller test module(
4 [ User Constraints 21 1clk, B B
i FloorPlanner 22 I _rst,
7 Timing Constraints Editor 23 O:sdrc_rd_val id,
4 (D synthesize (Synplify Pro) 24 0 _sdrc error flag, =
Synthesis Report 25 0 sdrc _rd data,
Netlist File 26 - -
4 D Place & Route 217
Place & Route Report 28 0_sdram wen_n,
Timing Analysis Report 29 0 sdram ras n,
Ports & Pins Report 30 O _sdram cas n,
Power Analysis Report 31 O:sdram:csig,
Bt Program Device 32 0_sdram cke,
33 0 _sdram clk,
34 IO _sdram dqg,
35 0 _sdram addr,
36 0_sdram ba,
37 0 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 datar 2
n L3
Design | Process . Start Page | 1 Design Sumnary ‘ 7 SDRAM_controsller test module. v [£J | '\ IP Core Generator / SDRAM_control E]
Ontput 8 x
Info (CMO004) : Generate timing report completed. P
Info (CMO002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 08:12:13 2017
Output | Errer | Werming | Info |
In:86  Col: 24

6.3.2 SDRAM Controller Generation

Click “Tools > IP Core Generator”. The window displayed in Figure 6-3

will appear.

IPUG279-1.4E
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6 Examples and Explanation

6.3 Example of an Embedded SDRAM Controller

Figure 6-3 IP Core Generator Page

{4y GOWIN FPGA Designer - [IP Core Generator]

=

5] |

Frocess & X

" File Edit Project Tools Window Help

S

Target Device: GH2 AR-15-LAFF1 44 E]

1| Design Summary
rl 7 User Constraints Name il .
7 FloorPlanner « 1 R0 | SDRAM Controller(With embedded
% Timing Constraints Editor - FIFO
4 (D synthesize (Synplify Pro) % FIFO_SC SDImM)
. % SDP_FIFO
Synthesis Report .
Netlist File - SDRAFOSC .
_ 4 7 12C Slave s Information
4 (2 Place & Route & 2C Slave
Pfﬁcle & Rﬂ”tel Report 4 [ miep Type: SDRAM Controller
Timing Arfa‘yﬂs Report - MIPL RX Vendor: GOWIN Semiconductor
Ports & Pins Report % MIPI TX L )
Sower Analysis Repart . Memory Interface summary: The SDRAM controller allows designers to create custom systems in
B8 Program Device % DDR2 Memory Interface one GOWIN device that connect easily to SDRAM chips. This SDRAM
P SDRAM Controller Controller located between the SDRAM and the user logic, reduces the
. SDRAM Controller(With embedded SDRAM) user's effort to deal with the SDRAM command interface by providing a
SDRAM Contraller(With external SDRAM) simple generic system interface to the user.
4 Module
4 Block Memory
% DP - Copyright® 2014-2017 GOWIN Semiconductor. All Rights Reserved.
Design | Frocess J Start Page [E Design Sunmary : TP Core Generator ]
Ontput -4
Info (PWO001) : Power analysis completed.
Info (CM0008) : Generate 'SDRRM Controller top.power.html' file completed.
Info (CM0008) : Generate 'SDRRM Controller top.tr.html' file completed. |"|
Info (CMO008) : Generate 'SDRRM Controller_top.vo' file completed. .
(| ouwtput [ Error | Yarming | Info |
H “*
Select GW2AR-18-LQFP144, and then double-click “SDRAM
. ” " H 1]
Controller (With embedded SDRAM)” to open the "Customize IP" page, as
shown in Figure 6-4. Accept the default settings displayed on this page and
H 11} ”
click “OK” to generate the SDRAM __controller_top_SIP.
Figure 6-4 SDRAM Controller Interface
-
Wy Customize IP @&J
- Rd
SDRAM Controller (With embedded SDRAM) 3T
File
Target Device: GWZAR-15-LAFF144
@ _sarorsin . .
Create In: - zwfarld RefDsign'projectisrc SOEAM controller top SIF E
= |_mars ok Ol mar o ietai I 0] f——
[P P —— Module Hame: Areoller_top_SIF  File Wame: -p_SIF Add to Current Froject
i _mor_sartatass Ol S o b
— |_sdrc_oower_down Options
| Lsrawn e Generation Config
— |_sdrc rd_n
Dizsable I/0 Insertiom
=i |_sr q_aiddr (20200 C_sdro_ro_wald =
. | moro_dacs_len70]
=il |_sar g dgmiE] O_sdro_ wid_sck ==
e |_morc_gata(Eiod)
0K ] [ Pl Help
b
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6 Examples and Explanation 6.3 Example of an Embedded SDRAM Controller

6.3.3 SDRAM Controller Instantiation

Instantiate the module "SDRAM _controller_top_SIP” in a project, as
shown in Figure 6-5.

Figure 6-5 SDRAM_controller_top_SIP Instantiation

{4 GOWIN FPGA Designer - [E\Demo_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= = (It

|7 Ele Edit Project Tools Window Help _[=] =
e SO B
Process g X 85 -
I Design Summary 86
4 T User Constesnts P=SDRAM controller top SIPREEYREETE
i FloorPlanner 88 -
| 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 (O_sdram _cs_n),
Netlist File 92 .0_sdram cas n(0Q _sdram cas n),
4 D Place & Route 93 .0_sdram_ras_n(0_sdram_ras_n),
Place & Route Report 94 .0_sdram wen_n(0Q_sdram wen_n),
Timing Analysis Report 95 .0_sdram dgm(O_sdram dgm),
Ports & Pins Report 96 .0_sdram_addr (O_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),
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 .I sdrc data(user data), =
< I »
Desion | Process . Start Fage| | | | Design Summary ‘ 7 SORMI_controller_test_noduls. v [0 | 56 TP Core Gemerator  SDRAM_control B
Ontput 8 x
Info (CM0004) : Generate timing report completed.
Info (CMO002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 08:12:13 2017

Output | Errer | Werming | Info |

In: 86 Col: 24

6.3.4 Bitstream File Generation

After inputting the necessary constraints, begin to synthesize, P&R,
and then generate the bitstream files.

Load the bitstream files to the development board or test board using
the Gowin download cable. You can also observe the SDRAM read/write
operation via the test interface.
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6.4 Example of an External SDRAM Controller

6.4 Example of an External SDRAM Controller
6.4.1 Open an Existing Project

Start the Gowin Software and open an existing project, as shown in

Figure 6-6.

Figure 6-6 Open an Existing Project

[ 4 GOWIN FPGA Designer - [EADemo program\DK DEV_GW2AR1E V1 10\SDRAM test Project\SDRAM test SIP_can readback data test data\SDRAM test SIP\srA\SDRAM controller test .. L) s |
2 Ele Edit Project Tools Window Help =[]
e SO B
Process & X 19 -
| Design Summary 20 Emodule SDRAM controller test module(
4 [ User Constraints 21 1clk, B B
i FloorPlanner 22 I _rst,
7 Timing Constraints Editor 23 O:sdrc_rd_val id,
4 (D synthesize (Synplify Pro) 24 0 _sdrc error flag, =
Synthesis Report 25 0 sdrc _rd data,
Netlist File 26 - -
4 D Place & Route 217
Place & Route Report 28 0_sdram wen_n,
Timing Analysis Report 29 0 sdram ras n,
Ports & Pins Report 30 O _sdram cas n,
Power Analysis Report 31 O:sdram:csig,
Bt Program Device 32 0_sdram cke,
33 0 _sdram clk,
34 IO _sdram dqg,
35 0 _sdram addr,
36 0_sdram ba,
37 0 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 datar 2
n L3
Design | Process . Start Page | 1 Design Sumnary ‘ 7 SDRAM_controsller test module. v [£J | '\ IP Core Generator / SDRAM_control E]
Ontput 8 x
Info (CMO004) : Generate timing report completed. P
Info (CMO002) : Generate Tool-Run report completed.
Info (CM0001) : Tue Jan 24 08:12:13 2017
Output | Errer | Werming | Info |
In:86  Col: 24

6.4.2 SDRAM Controller Generation

Click “Tools > IP Core Generator”. The window displayed in Figure 6-7

will appear.

IPUG279-1.4E
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6 Examples and Explanation 6.4 Example of an External SDRAM Controller

Figure 6-7 IP Core Generator Page

- — =
{{ GOWIN FPGA Designer - [IP Core Generat [E= )
W esigner - [IP Core Generator] - . B Al - -
" File Edit Project Tools Window Help ===
i S &

= & x
rocess Target Device: GH1N-4-1AFF144 =)

1| Design Summary

rl 7 User Constraints Name

4 Floordlanner 1 fro | SDRAM Controller(With external
——— . . % FIFO
Timing Constraints Editor & FFO.SC SDRAM)

4 (D Synthesize (Synplify Pro)

. % SDP_FIFO
Synthesis Report - -
Netlist Fil “» SDP_FIFO_SC L
etlist File 3 -
4 ® Plocs & R0 4 [ cshve Information
@ Place & Route % 12 Slave f
Place & Route Report 4 MIel Type: SDRAM Controller i
Timing Analysis Report 2
9 X v P - MIPL R —| WVendor: GOWIN Semiconductor
Ports & Pins Report % MIPI TX
Power Analysis Report . Memory Interface summary: The SDRAM controller allows designers to create custom 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
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
a4 Block Memory - C ight® 2014-2017 GOWIN Semiconductor. All Rights Reserved.
Design | Process g Start Page [ Design Summary % IF Cors Generator ]
Ontput -4
Info (PWO001) : Power analysis completed. -
Info (CM0008) : Generate 'SDRRM Controller top.power.html' file completed.
Info (CM0008) : Generate 'SDRRM Controller top.tr.html' file completed. |_|
Info (CMO008) : Generate 'SDRRM Controller_top.ve' file completed. . |
Output | Errer | farming | Info |
(l
L —— =

Select GW1N-4-LQFP144, and then double-click on “SDRAM
Controller (with external SDRAM)” to open the "Customize IP" page, as
shown in Figure 6-8. Accept the default settings on this page and click “OK”
to generate the SDRAM_controller_top_SIP.
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6.4 Example of an External SDRAM Controller

Figure 6-8 SDRAM Controller Interface

-

Wy Custornize IP

SDRAM Controller (With external SDRAM) o

File
Target Dewice: GW1H-4-TAFP144
Create Tn: wZar1fi_Refllzign'iproject sy chSDEMM_controller_top_SIF :]

Module Hame: 0ller_top_SIF  File WHame: ap_SIF #dd to Current Froject I

o 01 s e _oifl3 40 O _saram_ck [~
O_sdrarm_dkox [ Dpti ons
B P O_sdrar_cs_n [~
O_saram_cas_n [~ . .
— - Data Width: 3 - Bark Width: 2 -
—sarek O_sdram_ras_n [~ - -
— _sairam_ck Qs wen_n [~ Row Width: Column Hidth:
= _sdrc_sefretesn o e _piey [0 [
] Lscrn e sown O_saraen_sser 00 e Refresh Period: B4000000 ns
= _sdro_wr_n Qsaram_jaaf 1] = Refresh Times: 4096 =
= _sdirc_md_m
[ Clock Feriod: 10 ns 5 (4-100)
i | il 2000
=l T . . - .
= s e rir T:;r_-‘:'::-‘:_- tEF Period: 3 = CL Feriod:
e i 2_seare_o_ e [~ tMED Feriod: 3 : tBFC Period: 9 |5
i |_sdro_riata{id 0] O_sdrc_wrd_ac [—
tHE Feriad: 3 = tECD Period: 3 =
Generation Config I
Dizable I/0 Inzertion
0K ] [ Pameel Help

IPUG279-1.4E

25(30)
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6.4 Example of an External SDRAM Controller

6.4.3 SDRAM Controller Instantiation

Instantiate the "SDRAM _controller_top_SIP” module in a project, as

shown in Figure 6-9.
Figure 6-9 SDRAM_controller_top_SIP Instantiation

[ GOWIN FPGA Designer - [EADemo. programi\DK_DEV_GW2AR1E_V1.10\SDRAM test_ Project\SDRAM_test_SIP_can readback data test data\SDRAM_fest SIP\src\SDRAM controller test. .. L) e |
7 Fle Edit Project Tools Window Help AEE
F*, pa Y
Frocess g X 85 -
I Design Summary 86
4 [ User Constraints WNRISDRAM controller top SIP b2v_inst (
| FloorPlanner 88
4 Timing Constraints Editor 89 .0_sdram clk(O_sdram clk),
4 (2 synthesize (Synplify Pro) 90 .0_sdram_cke (O_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(0Q 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),
UH Program Device 98 .I0_sdram dg(IC_sdram dq),
99
100 .I sdrc rst n(rst sys), E
101 .I_sdrc_clk(clkout_o),
102 .I _sdram clk(clkout o),
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),
108 .I _sdrc dgm(sdrc_dgm),
110 .1 sdrc data(user data), 52
‘ n »
Desizn | Process [ start Paga [ [ [ Desian Sunary [ | L7 SORMM_controller_test nodule v ] | G IF Cors Ganerstor ! SIRAM_control B
Output g X
Info (CMO004) : Generate Timing report completed. -
Info (CMO002) : Generate Tool-Run report completad.
Info (CM0001) : Tue Jan 24 09:12:13 2017
Output | Error | Warning | Info |
In:86 Col: 24

6.4.4 Bitstream File Generation

IPUG279-1.4E

After inputting the necessary constraints, begin to synthesize, P&R,

and then generate the bitstream files.

Load the bitstream files to the development board or test board using
the Gowin download cable. You can also observe the SDRAM read/write

operation via the test interface.
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7 Interface Timing 7.1 Introduction

Interface Timing

7.1 Introduction

Interface timing includes user interface timing and SDRAM interface
timing. The user interface timing mainly includes read timing and write
timing. All user interface input/output signals align at the rising edge of the
controller working clock. The SDRAM interface timing mainly includes
initialization, read timing, write timing, and auto-refresh timing. All output
signals align at the rising edge of the controller working clock.

7.2 User Interface Timing

7.2.1 User Interface Read Operation

Figure 7-1 User Interface Read Operation
Lol N N N N U/ NI N 7 N NI/ 7 N NI N N N N N7 NI N/ NI 3 N N

I
Lscre_power_down [N,
I_sdc_wn 4
I_sdre_rd 4
I_sdrc_add) I —
I_sdrc_dgm [ — 0
Locre_cota_on N (O
I_sdrc_dat L |
0_stre_sat S
0_sdre_int_don [N >100us ‘ :

delay 3 periods
0_sdhe_busy [ > A e
O_sdre_rd valid [,
delay 2 periods
O_sdrc_wrd_sck NN,
Note!

The actual data read/write length of the SDRAM controller is |_sdrc_data_len+1.
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7 Interface Timing

7.3 SDRAM Interface Timing

7.2.2 User Interface Write Operation

Figure 7-2 User Interface Write Operation

I_sdrc_clk

|_sdrc_rst_n

I|_sdrc_ssifrefresh

I_sdrc_power_down

|_sdrc_wr_n

I_sdrc_rd_n

I_sdrc_addr

|_sdrc_dqm

I_sdrc_data_len

|_sdrc_data

0_sdrc_data

A N N A\ 7 N N A NI A S A N AN A N S N WA AN WA A NI

[N
[N
[y %/
| E—
I {11} ||
I i T
I 19 ) |
‘¢

O_sdrc_init_done [N, >100us : \ delay 3 0\}
elay 3 penods
O_sdre_busy n | -
0_sdrc_rd_valid [
delay 2 periods
0_sdrc_wd_ack [N
Note!

The actual data read/write length of the SDRAM controller is |_sdrc_data_len+1.

7.3 SDRAM Interface Timing

7.3.1 SDRAM Initialization
Figure 7-3 SDRAM Initialization

O_sdram_clk
O_sdram_cke
0O_sdram_cs_n
O_sdram_cas_n
0O_sdram_ras_n
O_sdram_wen_n
O_sdram_dgm
0_sdram_addr{10]
0O_sdram_addr{3-0]
0O_sdram_ba

10_sdram_dg
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5 6 7 8 9 10 1 1z 12 14 15 16 17 18 19 20 Bl 2 n

wmmmmmmwww

i ) ) )
harge Auto Refresh NOP Auto|Refresh  NOP Load Mode Register NOP Actiye

/ | L

CODE R;;W

CODE ROW
S | e e [

Bank Address
>100us ] RFC i tRFC MRD

Power-up
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7 Interface Timing

7.3 SDRAM Interface Timing

7.3.2 SDRAM Read Operation

Figure 7-4 SDRAM Read Operation

0_sdram_clk (N T AT T Ay T N T
0O_sdram_cke
0_sdram cs n i i I 4 4
NOP Aclive NOP Repd Read NOP Precharge NOP  Active NOP Read
Osdrameasn N\ i ff A 1
0_sdram_ras_n I '
0O_sdram_wen_n Y
0O_sdram_dgm [
ROw All Banks ROW
0_sdram_ada(10] I | G G o s N Y |
RQW Colymn Single Bank ROW Column
0_scram_scerfo:0] I | @ [ e |
BanK Address Bank Address Bank Address  Bank Address Bank|Address
O_sdram_ba I | e
tRCD cL tRP tRCD
10_sdram_dq (1 (W D(: (! {6
. .
7.3.3 SDRAM Write Operation
Figure 7-5 SDRAM Write Operation
O_sdram_clk N N N G N\ A N NI N NV N N NI S N NI W N NN\ NI O NI N
0_sdram_cke
0_sdram_cs_n
NOP Acfive NOP rite Write NOP Precharge NOP  Attive NOP rite
0_sdram_cas_n ) B — i
0O_sdram_ras_n § N
0_sdram_wen_n | A §
O_sdram_dqm [
RQw All Bgnks ROW
0_sdram sddft0] D | . I O o § s N |
RQW Colymn Single Bank RQW Column
O_sdram_zdar[9-:0] | e O DT o O o | |
BanK Address Bank| Address Bank Address  Bank Address Bank|Address
0_sdram_ba
RCD tWR RP tRCD
10_sdram_dq (A G S S SR A >
7.3.4 SDRAM Auto-refresh
Figure 7-6 SDRAM Auto-refresh
1 2 3 4 5 6 T k-3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
0_sdram_clk PN N N NN B N N N N NI N T N N B NN 7 N N N A
O_sdram_cke
O_sdram_cs_n
NOP Precharge = NOP Auto Refresh NOP NOP Adive NOP
O_sdram_cas_n B
0_sdram_ras_n N
O_sdramwenn T\ ) § i
ostom s [ —_—
All Banks ROW
0_sdram sddft0] RN |/ e
Single Bank ROW
0_scram_scer(s:0] | O [
Bank Address
0_sdram_ba | I |
tRP tREC
10_sdram_dq W ¥ «
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8 Performance Reference

Performance Reference

The SDRAM controller uses Verilog. Table 8-1 shows the performance
reference for different devices.

Table 8-1 SDRAM Performance Reference

Device Language LUTs Registers BSRAMs PLLs Fmax

GW1N-4 Verilog 323 504 1 1 290 MHz
GW1NR-4 Verilog 323 504 1 1 290 MHz
GW2AR-18 | Verilog 285 488 1 1 2160 MHz
GW2A-18 Verilog 285 488 1 1 2160 MHz
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