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1 About This Guide 1.1 Purpose

1 About This Guide

1.1 Purpose

Gowin goConfig UART IP User Guide is to help you learn the features and usage
of this IP by providing the descriptions of functions, signals, and interface configuration,
etc. The software screenshots and the supported products listed in this manual are based
on Gowin Software 1.9.11. As the software is subject to change without notice, some
information may not remain relevant and may need to be adjusted according to the software
that is in use.

1.2 Related Documents

The latest user guides are available on the GOWINSEMI Website. You can find the
related documents at www.gowinsemi.com
e DS100, GW1N series of FPGA Products Data Sheet
e DS102, GWZ2A series of FPGA Products Data Sheet
e DS981, GWSAT series of FPGA Products Data Sheet
e DS1103, GWASA series of FPGA Products Data Sheet
e SUG100, Gowin Software User Guide
e SUG283, Gowin Primitive User Guide.
e UG290, Gowin FPGA Products Programming and Configuration Guide
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1 About This Guide 1.3 Terminology and Abbreviations

1.3 Terminology and Abbreviations

The terminology and abbreviations used in this manual are as shown in Table 1-1.

Table 1-1 Terminology and Abbreviations

Terminology and Abbreviations Meaning

FPGA Field Programmable Gate Array

IP Intellectual Property

JTAG Joint Test Action Group

SPI Serial Peripheral Interface

SRAM Static Random Access Memory

UART Universal Asynchronous Receiver/Transmitter

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.

Website: www.gowinsemi.com

E-mail: support@gowinsemi.com

IPUG1197-1.0E 2(29)
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2 Function Introduction 2.1 Background Programming Overview

2 Function Introduction

Background programming is a function that has been in high demand by users in
recent years. In the use of Gowin FPGA products, there is "Function A", if you want to
upgrade or re-program "Function A" to "Function B", and in this process, "Function A"
will not stop working; once the upgrade is completed, the upgraded "Function B" can be
immediately loaded to the chip, which requires the background programming.

Gowin goConfig UART IP can realize the on-line update function of UART port. Users
can program the FPGA through UART port to replace the data stored internally, realizing
the background programming.

Table 2-1 Gowin goConfig UART IP Overview

Gowin goConfig UART IP Overview

Logic Resource Please refer to Table 2-3.

Delivered Doc.

Design Files Verilog (encrypted)

Reference Design Verilog

TestBench Verilog

Test and Design Flow

Synthesis Software GowinSynthesis

Application Software Gowin Software (V1.9.11 and above)
Note!

For the devices supported, you can click here to get the information.

2.1 Background Programming Overview

The programming includes two processes: Program Flash and Configure SRAM.

e Program Flash: The process of writing the bitstream file generated by Gowin Software to
Flash (hereinafter referred to as Write to Flash).

IPUG1197-1.0E 3(29)



http://www.gowinsemi.com.cn/enrollment.aspx?FId=n27:27:4

2 Function Introduction 2.2 UART Interface

e Configure SRAM: The process of loading the bitstream data from the Flash into the
SRAM in the FPGA (hereinafter referred to as Load to SRAM).

Note!

e Normal programming: When programming, SRAM is erased (i.e., the running function stops) and then write
to Flash.

e Background programming: When programming, the SRAM is not erased (i.e., the running function is not
affected), and write to Flash directly.

e When configuring, the process of normal programming and background programming is the same.

Here is an example of background programming.

Users generally write Function B to be updated to the Flash through the running
Function A; then users can load the Function B in the Flash through a series of operations
when the function needs to be updated.

Note!

e When Function A is operated according to the background programming, it must have a background
programming module. In this manual, i.e. Function A must have Gowin goConfig UART IP.

e Function B can be operated without background programming module, but it can not perform background
programming subsequently.

e Function A will still run normally during Write to Flash, but it will stop running during loading to SRAM.

2.2 UART Interface

2.2.1 UART Features

The UART interface of Gowin goConfig UART IP consists of TX and RX. TX is used for
data transmission by the IP, and RX is used for data reception by the IP.

The UART frame typically consists of: Start Bit, Data, Parity Bit, and Stop Bit. Figure
2-1 shows the data frame utilized by the IP.
e Start Bit (START): 1 bit.

e Data (Data): 8 bits. For example, when transmitting 0x01, the bit transmission sequence
is1>0>0>0>0>0>0>0.

e Parity Bit: 0/1 bit. Configurable options include Odd Parity (1 bit), Even Parity (1 bit), and
No Parity (0 bit).

e Stop bit: 1 bit.
Figure 2-1 Example of UART Frame Composition

UART  pie \ sTART/ Bito Bit1 Bit2 Bit3 Bit4 Bit5 Bit6 Bit7 Parity [/ STOP
(1Bit) (0/1Bit)  (1Bit)

IPUG1197-1.0E 4(29)




2 Function Introduction 2.3 IP Features

2.2.2 Flash Interface Features

The Flash interface of Gowin goConfig UART IP is SPI, using a four-wire mode: CS_N,
SCLK, MOSI, MISO. SPI Data Transmission/Reception Method: The most significant bit
(MSB) is transmitted first, and the transmission is generally done in byte (8-bit) unit. Taking
the example of sending 0x01, the orderis0>0>0>0>0>0>0>1.

Figure 2-2 SPI Interface Timing

1 2 3 4 5 6 7 8 9 10 1 12 13
CS_N X—X {
i i
§|Tsuicsn| lelkh Thd_csn g
SCLK A | 'y A 1 A | A | 'y | * +
LS L
Tsuimosig‘ > Thd_mosi |
H
vos! I v X XY X ew (e X (T (Cr
Tsu_miso Thd_miso

wso I s (X Cen K aw XX X en

The SPI clock is 25 MHz (verified), and other details are as shown in Table 2-2. The
data in the table are theoretical values.

Table 2-2 SPI Interface Timing Description

Name Description Min Max Unit
Tow LOW period of the SCLK 20 ] ns
Tek n HIGH period of the SCLK 20 - ns
Thd csn CS_N Setup Time 100 - ns
Tsu_csn CS_N Setup Time 240 - ns
Thd_mosi MOSI Hold Time 20 . ns
Tsu_mosi MOSI Setup Time 20 . ns
Thd_miso MISO Hold Time 20 . ns
Tsu_miso MISO Setup Time 20 . ns
2.3 IP Features

Gowin goConfig UART IP includes the following features:

e Supports 8 data bits and 1 stop bit.
e Supports odd parity, even parity, or no parity.
e Supports 110~1000000 baud rate.

IPUG1197-1.0E 5(29)




2 Function Introduction

2.4 Resource Utilization

2.4 Resource Utilization

Using Gowin GW2A-18 device as an instance, the resource utilization of Gowin
goConfig UART IP with default configuration is as shown in Table 2-3.

Table 2-3 Resource Utilization

Device

Programming Language

LUT

REG

GW2A-18

Verilog

774

513

IPUG1197-1.0E
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3 Functional Description 3.1 Gowin goConfig UART IP Structure Diagram

Functional Description

3.1 Gowin goConfig UART IP Structure Diagram

Gowin goConfig UART IP diagram includes User end and FPGA end. The User end
is used to control the UART interface as well as other user functions. The FPGA end is
connected to SPI Flash and is used to implement the functions that users required on
FPGA. If only IP is considered, the User end controls the IP in the FPGA through the UART
interface, which in turn controls the Flash to complete background programming.

The block diagram of Gowin goConfig UART IP is shown in Figure 3-1 . The UART
interface is on the User side, and other signals are selected for control or use based on
actual functional requirements.

Figure 3-1 Block Diagram

FPGA
GW_BACKGROUND_INT_SCLK >
GW_BACKGROUND_EXT_RX > GW_BACKGROUND_INT_MOSI > Sp|
GW_BACKGROUND_INT_CS_N > Flash
. W BACKGROUND INT MISO
goConfig [€
User SPI
GW_0SC_CLK User
—t .
Design

EW_BACKG ROUND_EXT_TX
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3 Functional Description 3.2 Gowin goConfig UART IP Control Commands

3.2 Gowin goConfig UART IP Control Commands

The commands supported by Gowin goConfig UART IP and their usage are described
as follows.

Command Definition

The commands supported by Gowin goConfig UART IP are as shown in Table 3-1.

Table 3-1 Command Definition

Name Command Address | Description Command Format
Write Data (Page) OxABCDEF02 Write data (Page) CMD + ADDR + Data
Read Data (Page) 0xABCDEF03 Read data (Page) CMD + ADDR + Data
Status OxABCDEF04 Read status CMD + Data

Read Falsh ID 0xABCDEF05 Read Flash ID CMD + Data
Erase(Sector) 0xABCDEFO01 Erase (Sector) CMD + ADDR

Reset OxABCDEF55 Soft reset CMD + Length + Data
Reconfign OxABCDEF99 Reconfign command CMD

The command is defined and described as follows:

e CMD: See Table 3-1 for the command support.

- Definition: Command address

- Bit width: 32 bits

- Transmission order: CMD[31:24] > CMD[23:16] > CMD[15:8] > CMD[7:0]
e ADDR:

- Definition: Flash address

- Bit width: 24 bits

- Transmission order: ADDR[23:16] > ADDR[15:8] > ADDR([7:0]
e Data:

- Definition: Valid data

- Width: 8 bits per data unit

- Length: The length of valid data varies depending on the command. Generally, Data_0
refers to the first valid data, Data_1 refers to the second valid data, and so on, with
Data_N representing the last valid data.

Note!

A sector consists of 4K bytes, and a page consists of 256 bytes. Therefore, 1 Sector = 16 Pages.

IPUG1197-1.0E 8(29)




3 Functional Description 3.2 Gowin goConfig UART IP Control Commands

Erase(0xABCDEF01)

Erase (Sector) Command: OxABCDEFO01; Format: CMD + ADDR; The command
diagram is as shown in Figure 3-2.

Here, CMD is 32 bits, and the transmission sequence is 0xAB > 0xCD > OxEF > 0x01.
ADDR is 24 bits, taking ADDR=0x010203 as an example, the transmission sequence is
0x01 > 0x02 > 0x03.

Figure 3-2 Sector Erase Command

CMD ADDR

Note!
e In the figure, the valid data with "white shading" is sent from "User" to the "IP-UART interface".
e In the following text, the valid data with "gray shading" is sent from the "IP-UART interface" to "User".

e In the following text, unless otherwise specified, the names in similar figures have the same meanings as in
this example.

e The names that may be used in the figure are defined as follows.
- CMD: See Table 3-1 for the command support.
- Data_0: First valid data
- Data_N: Last valid data
- ADDR: Flash address

Write Data (OxABCDEF02)

Write Data (Page) Command: OxABCDEF02; Format: CMD + ADDR + Data; The
command diagram is as shown in Figure 3-3.

Here, CMD is 32 bits, and the transmission sequence is 0xAB > 0xCD > OxEF > 0x02.
ADDR is 24 bits, taking ADDR=0x010203 as an example, the transmission sequence is
0x01 > 0x02 > 0x03. The valid length of Data is 256.

Figure 3-3 Page Program Command

CMD ADDR Data_ O Data_N

Read Data(0xABCDEF03)

Read Data (Page) Command: 0OxXABCDEFO03; Format: CMD + ADDR + Data; The
command figure is as shown in Figure 3-4.

Here, CMD is 32 bits, and the transmission sequence is 0xAB > 0xCD > OxEF > 0x03.
ADDR is 24 bits, taking ADDR=0x010203 as an example, the transmission sequence is
0x01 > 0x02 > 0x03. The valid length of Data is 256.

IPUG1197-1.0E 9(29)




3 Functional Description

3.2 Gowin goConfig UART IP Control Commands

Figure 3-4 Page Read Command

CMD

ADDR Data_0O Data_N

Status(0OxABCDEF04)

Status Command: 0OxABCDEFO04; Format: CMD + Data; The command figure is as

shown in Figure 3-5.

Here, CMD is 32 bits, and the transmission sequence is 0xAB > 0xCD > OxEF > 0x04.
The valid length of Data is 3, with two bytes being fixed values. Data = OxAA + 0x55 +
ST _data, where ST_data reflects the status of the IP.

Figure 3-5 Status Command

CMD

OxAA 0x55 ST data

The bit mapping table for ST_data is as shown in Table 3-2.

Table 3-2 Status Bit Table

Bit(s) Default Description

Bit[6] 0 Reserved

Bit[5] 0 Page Program timeout

Bit[4] 0 Page Program operation completed
Bit[7] 0 Flash busy

Bit [3:2] 00 Reserved

Bit[1] 0 Erase timeout

Bit[0] 0 Erase operation completed

The typical values of ST _data are as shown Table 3-3.

Table 3-3 Typical Value of ST_data

Typ. Description

0x01 Erase operation completed
0x03 Erase timeout

0x10 Page Program completed
0x00 Normal

0x30 Page Program timeout
0x80 Flash operating

IPUG1197-1.0E
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3 Functional Description 3.2 Gowin goConfig UART IP Control Commands

Note!

The status value only reflects the status of the previous operation. For example, after an erase operation is
completed, ST_data = 0x01. If a Page Program operation is executed immediately after an erase operation,
ST_data = 0x10, meaning the erase status is not reflected, and only the Page Program status is reflected.

Read Flash ID(0xABCDEF05)

Read Flash ID Command: OXABCDEFO05; Format: CMD + Data; The command figure is
as shown in Figure 3-6.

Here, CMD is 32 bits, and the transmission sequence is OxAB > 0xCD > OxEF > 0x05.
The valid data length is 3. For example, if Data = 0x010203, the received data order is 0x01
> 0x02 > 0x03.

Figure 3-6 Read Flash ID Command Example

CMD Data

Reset(0xABCDEF55)

Reset IP Command: OXABCDEF55. It can reset internal status of the IP.

Here, CMD is 32 bits, and the transmission sequence is OxAB > 0xCD > OxEF > 0x55.
Note!
This process only involves the IP, not the background programming.

Figure 3-7 Reset IP Command Example

CMD

Reconfign(0OxABCDEF99)

Reconfig Command: OxABCDEF99

Here, CMD is 32 bits, and the transmission sequence is 0xAB > 0xCD > OxEF > 0x99.

It can be used to pull down the "GW_BACKGROUND_RECONFIG_N" pin, which can
be mapped to the device's "RECONFIG_N" pin to achieve the function of pulling down
"RECONFIG_N".

Figure 3-8 Reconfign Command Example

CMD

IPUG1197-1.0E 11(29)




3 Functional Description 3.3 Flash Interface Operations

3.3 Flash Interface Operations

The Flash interface of the IP is an SPI interface. This chapter will describe the
operations performed by the Flash interface after the UART receives and executes relevant
commands. For the basic features of the SPI interface, see 2.2.2 Flash Interface Features.
Based on the commands supported by the IP and the selected Flash, it can be determined
whether the IP can control the Flash.

3.3.1 SPI Interface Commands

This section describes the commands used in the SPI interface. Read Status
Register-1 is abbreviated as RD_STH1.

Table 3-4 SPI Interface Commands

Command Byte1 Byte2 Byte3 Byte4 Byte5
Write Enable 06H -

Write Disable | 04H

Read Status 05H (S7-S0) -

Register-1

Sector Erase | 20H A23-A16 A15-A8 A7-A0 -
Page Program |02H A23-A16 A15-A8 A7-A0 D7-D0O
Read JEDEC |9FH (MF7-MFO) (ID15-ID8) (ID7-1DO) -

ID

Read Data 03H A23-A16 A15-A8 A7-A0 D7-DO

Write Enable (06H)
Note!

Unless otherwise specified, the timing diagram for the SPI used by the IP follows Mode 0.

IPUG1197-1.0E 12(29)




3 Functional Description 3.3 Flash Interface Operations

Figure 3-9 Write Enable (06H)

satode3 o 1 02 3 4 5 & I __Mede3 |
CLK Madeﬂilllll'lll'lll'llMade:}
|-| Instruction (06h) >
0y — X\ /L X
(10,)
DO High Impedance
(10,)
Write Disable (04H)

Figure 3-10 Write Disable (04H)

|-| Instruction (04h) -
DI
10y —X N\ /L X
DO High Impedance

Read Status Register-1 (05H)
This register is abbreviated as RD_ST1.

IPUG1197-1.0E 13(29)




3 Functional Description 3.3 Flash Interface Operations

Figure 3-11 Read Status Register-1 (05H)

CS “,

Mode3 0 1 2 3 4 5 & 7 & & 10 11 12 13 14 15
CLE
- Instruction {05h/35h15h) -
10y —X N\ /NS XX XX
0o High Impedance - Status Register-1/2/3 out --.
0,
# = MSE :

Sector Erase (20H)
Figure 3-12 Sector Erase (20H)

|a-7 Instruction (20h) — »«—  24-Bit Address

o) XN /N ”

DO High Impedance
(10)) * = MSB
Page Program (02H)

Figure 3-13 Page Program (02H)

Mode 3 0 1 2 3 4 S5 & 7 & 9 10 28 29 30 31 32 33 34 35 3 37 38 39
......... \ .-
CLK Mode 0 * I l I | I | I | I | I | I | I l I | I | I |
- Instruction (02h) - 24-Bit Address - Data Byte 1 >
(10 66009660660 0.
*
* = MSB
/CS /
od L] =t [Ts] w = [ea] o
P~ | - I~ ~ I~ - P~
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 & &8 &8 8 8 8 & §® Mode 3

CLK |I|I|||||||I||||||||||||||||||||| ||||||||||||||||Madeﬂ

Data Byte 3 — <+———  Data Byte 256 ——#»

- Data Byte 2

o --
EID.0.0,.0,.0.0,.0,.0.0.60,.0.0.0.0.00,0200.0,.0.0.0.0.0:
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3 Functional Description 3.4 UART Command and SPI Interface Mapping

Read JEDEC ID (9FH)

Figure 3-14 Read JEDEC ID (9FH)

Hih | g v Manufacturer ID {EFh) -
DO igh Impedance Vs \
{10,) \_/
* = MSB
iCS /
__ 1, 16 17 18 19 20 21 22 23 24 25 26 27 28 29 40 . __I:ﬂg-l:_lel’a:_
CLK ' Mode 0

(0] I
o). X X X X X X X X
-+—— Memory Type ID15-8 Capacity ID7-0 ——»

DO - -
SR 9.09.09.0.6.60.09.0.0.0.0.00.00.0,
* *

Read Data (03H)
Figure 3-15 Read Data (03H)
ICS \
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30 31 32 33 34 35 36 87 88 39

24-Bit Address  ——m»|

—— Instruction (03h)

0y /T XEXEe <X X XX

Y

Data Cut 1 —_—

DO High Impedance —
(10,) 7 X8 X5 X4 X3 X2 X1 XoX7 _
*

* = MSB

3.4 UART Command and SPI Interface Mapping

This section describes the mapping relationship between UART commands and the

SPI interface, specifically focusing on UART commands that can be mapped to SPI

commands. For convenience, command names will be used to replace their respective

detailed timings.

IPUG1197-1.0E
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3 Functional Description

3.4 UART Command and SPI Interface Mapping

Erase(0xABCDEF01)

When the UART interface detects the "Erase" command, the SPI interface will execute
the following sequence: Write Enable > Sector Erase > RD_ST1 > Write Disable.

The RD_ST1 operation is as follows:

1. Check for timeout (greater than 200ms)
a. If timeout, proceed to 5.
b. If no timeout, proceed to 2.
2. Wait for 4ms.
3. Execute the RD_ST1 command.
4. Check the return value (whether it is 0x00).
a. If it equals 0x00, proceed to 5.
b. If not 0x00, proceed to 1.

5. The next operation is "Write Disable".

Figure 3-16 Erase Command Mapping

UART: Erase(Sector)

SPI: Write Enable Sector Erase

RD_ST1

Write Disable

Write Data (OxABCDEF02)

When the UART interface detects the "Write Data" command, the SPI interface will
execute the following sequence: Write Enable > Page Program > RD_ST1 > Write Disable.

The RD_ST1 operation is as follows:

1. Check for timeout (greater than 16ms)
a. If timeout, proceed to 5.
b. If no timeout, proceed to 2.
2. Wait for 4ms.
3. Execute the RD_ST1 command.
4. Check the return value (whether it is 0x00).
a. If it equals 0x00, proceed to 5.
b. If not 0x00, proceed to 1.

5. The next operation is "Write Disable".

IPUG1197-1.0E

16(29)




3 Functional Description 3.4 UART Command and SPI Interface Mapping

Figure 3-17 Write Data Command Mapping

UART: Write Data(Page)
SPI: Write Enable Page Program RD_ST1 Write Disable
Read Data(0xABCDEF03)

When the UART interface detects the "Read Data" command, the SPI interface will
continuously read 256 bytes (1 page) of data.

Figure 3-18 Read Data Command Mapping

UART: Read Data(Page)

SPI: Read Data

Read Flash ID(0xABCDEFO05)

When the UART interface detects the "Read Flash ID" command, the SPI interface will
execute the "Read JEDEC ID" command.

Figure 3-19 Read Flash ID Command Mapping

UART: Read Flash ID

SPI: Read JEDEC ID

IPUG1197-1.0E 17(29)




4 Signal Definition

4 Signal Definition

The 10 definitions of Gowin goConfig UART IP are shown in Table 4-1.
Table 4-1 IO Definitions

Signal Name 110 Description 1O Ot Note
straints
goConfig general interface The 1/O of
GW_0SC_CLK Input Clock input (25 MH all the sig-
- - npu ock input ( z) ) nals takes
GW_RSTN Input Reset, active-low. IP as refer-
ence
goConfig Specific Interface
GW_BACKGROUND_RE- | Output It can be combined with
CONFIG_N Reconfign command to pull
down a certain signal.
goConfig External Interface
GW_BACK- Input UART-RX -
GROUND_EXT_RX
GW_BACK- Output UART-TX -
GROUND_EXT_TX
goConfig Flash Interface
GW_BACK- Output SPI-SCLK MSPI
GROUND_INT_SCLK
GW_BACK- Output SPI-CS_N MSPI
GROUND_INT_CS_N
GW_BACK- Output SPI-MOSI MSPI
GROUND_INT_MOSI
GW_BACK- Input SPI-MISO MSPI
GROUND_INT_MISO

Note!

e The I/O constraints are defined as follows:
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4 Signal Definition

- "-": Unlimited, usage for general IP interface Names can be freely assigned, and locations can be freely
constrained.

- "MSPI": Constrains 10s to the corresponding MSPI pins on the device.

Note that the MSPI pins on some FPGAs may not be exactly 4. You can see the FPGA Pinout Manual and
the Flash datasheet for proper mapping.

"GW_OSC_CLK" usage description: Input stable 25MHz clock.
“‘GW_BACKGROUND_RECONFIG_N” usage description:

- Typically used in conjunction with "Reconfig" command, and this pin is constrained to the device-specific
"RECONFIG_N" pin to trigger the "RECONFIG_N" function.

The 10 interfaces are classified and defined as follows:
- "goConfig General Interface": The IOs that are general in other IPs as well, for example, Clock, Reset etc.

- "goConfig Specific Interface": 10s possibly included in the background programming IP. The functions of
these |Os are often related to the overall process of background programming or some specific functions.

- "goConfig External Interface": The IOs primarily for communications in background programming IP.
These 10 pin definitions and functions adhere to established standards such as 12C, SPI, JTAG, etc.

- "goConfig Flash Interface": The 10 connected with Flash in the background programming IP.
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5 Interface Configuration

Interface Configuration

You can click “Tools > IP Core Generator > goConfig UART” to call and configure
Gowin goConfig UART IP in Gowin Software.
1. Open IP Core Generator.
After creating the project, you can click the “Tools” tab in the upper-left corner, then click
the “IP Core Generator” via the drop-down list, as shown in Figure 5-1.

Figure 5-1 IP Core Generator

8 x
Project File: E:\work_files\ide_prj\IP_test\IP_test.gprj
Synthesis Tool: GowinSynthesis
Part Number: GW2A-LV18MG 196C7/16
Series Gw2a
Device: Gw2a-18
Package: MBGA196
Spesd Grade: /16
Core Voltage: v
Design  Process  Hierarchy ? Start Page DesignSummary [ & IP Core Generator 7 goconfig uarty 2 goconfig_uart tmp.v 2 IPtest synrpthiml
Message & x
10N | ENCH| 10
@ NoTE  (EX0101) : Current top module is "goConfig UART Top"
Console  Message

2. Open Gowin goConfig UART IP core.
Select “Soft IP Core> BackGround Configuration > goConfig UART”, as shown in Figure

5-2. Double click to open the configuration interface.
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5 Interface Configuration

Figure 5-2 Open Gowin goConfig UART IP Core

{#» GOWIN FPGA Designer - [IP Core Generator] - a x
Fle Edit Project Tools Window Help -
$i:-: [
Hierarchy 8 X Target Device: | GW2A-LV18MG196C7/16
= [ [Update ——
Unit File ~ v .
+ goConfiy.. srgoconfgartgoconfo oy || e e goConfig UART
~GW_B... src\goconfig_uart\gocenfig_uarty ook .
osp Information
o
e Type: goConfig UART
Vendor: GOWIN Semiconductor
Summary
Gowin goConfig UART IP can realize the online programming function through UART port. Users can program the FPGA through the UART
port to update the data stored internally, realizing the background programming
Reference
« Reference documents(CN) - IP reference designs and user guide
« Reference documents(EN) - IP reference designs and user gui
Design  Process  Hierarchy ) Start Page Design Summary 1P Core Generator [x] ] goconfig uarty ] goconfig_uart tmp.y
Message s
Qo |io[[@0
Console  Message

3. Gowin goConfig UART IP core configuration interface.
The configuration interface of Gowin goConfig UART IP is as shown in Figure 5-3. The

port diagram is displayed on the left, and options are displayed on the right.

e You can configure the generated file name in “File Name” text box.
e You can configure the generated top module name in “Module Name” text box.
e You can configure slave address by modifying SPI Slave Addr.
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5 Interface Configuration

Figure 5-3 Gowin goConfig UART IP Core Configuration Interface

W IP Customization ? X
goConfig UART o
General
Device: | GWSAT-60 | Device Version: |B |
Part Number: | GWSAT-LV60GW369ES | Language: Verilog v
File Name: | goconfig_uart | Module Name: |goConfig UART Top |

Create In: |E:\worl-c_ﬂIes\ide_pr_i\lP_test\src\goconﬁg_uar‘t |

W KGR EXT T [~
] LA KRR T R

Options
] o rre - System Clock:
UART Polarity: | Odd w
N - UART Baud Rate
Standard 115200 ~
e G DT ICROLID RECORAG P [ c HsEam: 1 32::
Table 5-1 Parameter Configuration
Option Description Note
System clock System clock 25 MHz is recommended; the clock setting should
match the actual application.
Idle Cycle UART idle cycle Refers to system clock cycles; for example, at 25
Range: 2~65535 MHZ, c_>ne cycle is 40 ns, and the default configu-
ration is 100 * 40 ns.
UART Polarity Parity setting: None, Odd, | -
Even
UART Baud Rate Baud rate setting
Range: 110~1000000
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6 Reference Design 6.1 Project Setup Procedure

Reference Design

This chapter is intended to introduce the usage and structure of Gowin goConfig UART
IP reference design. Please see the reference design for details at Gowinsemi website.

6.1 Project Setup Procedure

When users build an IP project with background programming function, or insert the IP
with background programming into an existing project, the following steps can be followed:
e Configure and generate IP: Gowin goConfig UART IP
e Call the IP at the Top Level
e Software configuration: Check "Use MSPI as regular 10" in “Dual-Purpose Pin”.

The preliminary setting up of the project, as well as other operations after completing
the above steps, are consistent with the operations of normal project, so it will not be
detailed in this document.

If issues arise during the IP project building, you can also follow this process to
troubleshoot and determine if it is an IP using issue.

6.1.1 Configure and Generate IP

Select Gowin goConfig UART IP for the background programming, and configure it for
generation. For more detailed information, see 5 Interface Configuration.

6.1.2 Call the IP at the Top Level

In the top level of the project, when invoking the IP, there are generally no special
requirements. However, when constraining the 10 positions, the Flash interface of the IP
needs to correspond to the MSPI ports. For an example of calling the IP, you can see the
"Top.v" file in 6.2 Reference Design. For more detailed information, see 4 Signal Definition.
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https://cdn.gowinsemi.com.cn/Gowin_goConfig_UART_RefDesign.zip

6 Reference Design

6.1 Project Setup Procedure

IO Invocation Example

Figure 6-1 shows an example of invoking Gowin goConfig UART IP using the "Top.v"
file in the reference design.

IPUG1197-1.0E

Figure 6-1 Example of Invoking IP IO Names

goConfig UART Top inst uart |
f SPI Flash
.GW_BACEGROUND TNT SCLE (spi sclk)
.GW_BACEGROUND INT C5 Hispi cs n)
«GW_BACEGROUND INT MOSI (spi mosi)
«GW_BACEGREOUND INT MISO(spi miso)

UAET
.GW_BRACEGROUND EXT EX(uart xx),
.GW_BACEGROUND EXT TX (uart_ tx),
.GW_BACEGROUND RECCONFIG HW(reconfig n},
' General IO

.GW_RSTH (rstn),
.GW_05C CLE (clk 25M)

r

r

r

r
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6 Reference Design 6.1 Project Setup Procedure

Figure 6-2 shows the IO definitions when Gowin goConfig UART IP is used correctly in

the "Top.v".
Figure 6-2 Example of Top-level IO Definitions
Il module top
TE#
3 S f umart
: parameter UART SLAVE SYSCLE = 25 000 000 SR EE
;)
PRI
7 uart
]

T T o L T R I e S R ]

[ L=

e

input uart rx=,

output wuwart tx,
SPI

ocutput spi =sclk,

output sSpi cs n,

input spi_miso,

ocucput spi mosi,

output reconfig n,

fftest IO
output Spi_cs_n test,
output spi sclk test,
output spi mosi test,
output spi miso test,

output EEIE_IK_EESE,
output EEIE_EK_EESE,

output test,

f fothers

input clk im,
input rstn
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6 Reference Design 6.1 Project Setup Procedure

6.1.3 Software Configuration
You can select “Project > Configuration > Place & Route > Dual-Purpose Pin”, and then

check “Use MSPI as regular 10”.
There are two methods to start "Configuration” as shown in Figure 6-3 and Figure 6-4.

Figure 6-3 Example One of Starting Configuration
W GOWIN FPGA Designer - [Eworl: files\IP A new\GoCo
J File Edit Tools Window Help

. ' | £&1 Archive Project

P g5 Restore Arcf}ived Praoject -

a Diesign @ Set Device
hd ';_ User cf- Configuration 2

| Design Summary

=8 Flos

flas Timing Constraints Editor
v ? Synthesize
Synthesis Report
Metlist File
v ‘i‘ Place & Route
= Place & Route Report
Timing Analysis Report
Ports & Pins Report
Power Analysis Report

) 01
|;4':'i Programmer

Design  Process  Hierarchy
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6 Reference Design 6.1 Project Setup Procedure

Figure 6-4 Example Two of Starting Configuration
Wy GOWIN FPGA Designer - [E\work_files\IP A new\GoCo
# File Edit Project Tools Window Help

DB H S i

Process [

| | Design Summary

v |47 User Constraints

+& FloorPlanner

e Tirming Constraints Editor

v (2 Synthesize 2

Synthesis Report

Metlist File

v @ Place & Route lZRun

Place & R o

Rerun
Timing An = Rerun All

Ports & Pi = Clean&Rerun All
Power An: Il Stop

|LE'E Programmer Clean
., Configuration
Design | Process | Hierarchy

Figure 6-5 shows an example of checking “Use MSPI as regular |IO". You can click
“Place & Route > Dual-Purpose Pin”, and then check “Use MSPI as regular |O”.
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6 Reference Design 6.2 Reference Design

Figure 6-5 Check "Use MSPI as regular I0”

Wy Configuration X

Dual-Purpose Pin

v Global [J Use JTAG as regular 10

General
i Use SSPI lar 1O
Constraints [] Use as regular

v Synthesize [ Use MSPI as regular 10 3

General [] Use READY as regular 10

¥ |Place & Route 1 [] Use DONE as regular 10

General

[] Use RECONFIG_N as regular 10
Voltage

Place Use I2C as regular 10
Route

IDual-F‘urpose Pin I 2
Unused Pin

v BitStream

General
sysControl

Feature sysControl

Cancel Apply

When the following error occurs, check whether "Use MSPI as regular 10" is selected.

Figure 6-6 Error Example

REGULIE LUNSLOELIL TLLE, L. (WU LLES \LF AW UL LR B £UA5 \Mal LSl U LE - LR | USRI e PV L S 1 B UL L LS L

WARN (CT1122) : 'reconfig_n" will be placed to RECONFIGN pin according to constraint, and then the signal may lead to gwCONFIG programming d
Physical Constraint parsed completed

Running placement......

ERROR (PR2828) : The constrained location is useless in current package

ERROR (PR2017) : "spi cs_n' cannot be placed according to constraint, for the location is a dedicated pin (MSPI)
ERROR (PR20828) : The constrained location is useless in current package
ERROR (PR20817) : ‘spi_sclk' cannot be placed according to constraint, for the location is a dedicated pin (MSPI)
ERROR (PR2828) : The constrained location is useless in current package
ERROR (PR2017) : "spi_mosi' cannot be placed according to constraint, for the location is a dedicated pin (MSPI)
ERROR (PR2028) : The constrained location is useless in current package
ERROR (PR2017) : 'spi miso' cannot be placed according to constraint, for the location is a dedicated pin (MSPI)

Generate file "E:\work_files\IP_A new\GoClonfig\@8_ 2024\uart_spi\pro\l2-11\ref_design‘\fpga_project\impl\pnrifpga_project.pin.html” completed

6.2 Reference Design
6.2.1 FPGA Project Description

The FPGA reference design for Gowin goConfig UART IP consists of two components:
the IP module and the user module.
e |IP module: Used to call IP and provide an instance. Module descriptions are as follows:

- You need modify Gowin Software configuration to use this IP, and there is an example
in the reference design; see 6.7 Project Setup Procedure for detailed descriptions.

- There are some I/O constraints for the IP, you can follow the reference design for
implementation; for detailed explanations, see 4 Signal Definition.
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6 Reference Design 6.2 Reference Design

- User module: A simple LED test is used to represent the user design.
Figure 6-7 Reference Design Block Diagram

FPGA

Flash Interface

< > Flash

UART IP

GW_0SC_CLK

User 10
< User

Others

< > Design

VAN
V

6.2.2 Reference Design Files

The descriptions of the files for the reference design of Gowin goConfig UART IP are
shown in Table 6-1.

Table 6-1 src Folder List in Reference Design

Name Description

fpga_project.cst Project physical constraints file

goconfig_uart IP folder

----goconfig_uart.v Generated IP file, encrypted

----goconfig_uart.vo Generated IP netlist file for simulation

gowin_rpll gowin_rpll folder

---- gowin_rpll.v gowin_rpll module, used to generate a 25 MHz clock.
Top.v Top-level module, including LED test.

6.2.3 Reference Design Considerations

This reference design of Gowin goConfig UART IP contains only FPGA project and
some documentation; the simulation environment and the UART driver example are not
provided. Please contact Gowin FAE for UART bus driver example.
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