VK

R/
WIN

ING FOR TI

—— PROGRAMM

Gowin AHB to AHB 16 Bridge IP
User Guide

IPUG1173-1.1E, 12/31/2024



Copyright © 2024 Guangdong Gowin Semiconductor Corporation. All Rights Reserved.

GOWlN is a trademark of Guangdong Gowin Semiconductor Corporation and is
registered in China, the U.S. Patent and Trademark Office, and other countries. All other
words and logos identified as trademarks or service marks are the property of their
respective holders. No part of this document may be reproduced or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording or otherwise, without
the prior written consent of GOWINSEMI.

Disclaimer

GOWINSEMI assumes no liability and provides no warranty (either expressed or implied)
and is not responsible for any damage incurred to your hardware, software, data, or
property resulting from usage of the materials or intellectual property except as outlined in
the GOWINSEMI Terms and Conditions of Sale. GOWINSEMI may make changes to this
document at any time without prior notice. Anyone relying on this documentation should
contact GOWINSEMI for the current documentation and errata.



Revision History

Date Version Description
07/30/2024 1.0E Initial version published.
12/31/2024 1.1E ® The IP category updated from Bus Bridge to Bus

Interconnect.

® The software programming reference design and hardware
reference design updated.




Contents

Contents

L0701 11 1= 3| PP PP PP i
I o T [T = PSR ii
LiSt OFf TADIES .......ooiiiiiiie et iii
1 ADBOUL THIS GUILE ...t sr e seneennneas 1
1. PUIPOSE ..ttt ettt e e ettt e e et bt e e st e e e e abb e e e e abae e e e abneeeean 1

1.2 Related DOCUMENLS ......cooiiiiiii ittt e et e et e e e s bneeeean 1

1.3 Terminology and AbDbreviation ... 1

1.4 Support and FEEdDaCK ..........coocuiiiiiii e 2

2 OVEIVIBW ...ttt ettt ekt e e h e e e bt e s h bt e e b et e b et e e R et e sR R e e e b e e En e nre e nr e e e 3
2.0 IP OVEIVIBW ...ttt ettt e e sttt e e st e e e st bt e e e sabb e e e e anbneeeeanbreeeean 3

2.2 FRAIUIES ...ttt e b e e e e b e e aa 4

2.3 ReSOUrCE ULIHZAtION .....ccoiiiiiii e 4

3 FUNCioNal DeSCIIPLION .........iiiiiiiiiiiii e e e es e e e beesbsrnraesrnenrnrnrnrnrnres 5
4 POt DeSCHIPLION .. ..o ————————— 6
5 Parameter DescCription............cccoooviiiii 10
6 Interface ConfiQUIration ... 12
6.1 General ConfigUIation...........oiuiiiiiiiii et 13

6.2 Slave ConfIQUIation ........c..ooiiiiiiii ettt 14

T RefErenNCe DESIQN...... ..ottt e e e e e a e e e s 16

IPUG1173-1.1E i




List of Figures

List of Figures

Figure 3-1 Gowin AHB to AHB 16 Bridge IP Block Diagram ..........ccccueiiiiiiiiiiiiiieeiiece e 5

Figure 6-1 Gowin AHB to AHB 16 Bridge IP Configuration Interface .............ccccccoceiiiinninennnen, 12
Figure 6-2 General ConfIgUration ............ooiiiiiiiiii e 13
Figure 6-3 Slave ConfigUration ..............ooiiiiiiiiii e 14

IPUG1173-1.1E ii




List of Tables

List of Tables

Table 1-1 Terminology and AbDreViations ............ccuuiiiiiiiiiii e 1
Table 2-1 Gowin AHB to AHB 16 Bridge IP OVErvieW............cccoiiiiiiiiiiiicc e 3
Table 2-2 Gowin AHB to AHB 16 Bridge IP Resource Utilization .............cccoooiiiiiine 4
Table 4-1 Gowin AHB to AHB 16 Bridge IP Port List ........ccooiiiiiiii e 6
Table 5-1 Parameter DESCrIPHION .......cooiiiiiiiiiiie e 10

IPUG1173-1.1E iii




1 About This Guide 1.1 Purpose

1 About This Guide

1.1 Purpose

The purpose of Gowin AHB to AHB 16 Bridge IP User Guide is to help
you learn the features and usage of Gowin AHB to AHB 16 Bridge IP by
providing the descriptions of the functions, signals, parameters, and
reference design, etc. The software screenshots and the supported
products listed in this manual are based on Gowin Software 1.9.11 (64-bit).
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:

® SUG100, Gowin Software User Guide
® DS981, GWS5AT series of FPGA Products Data Sheet
® DS1104, GW5AST series of FPGA Products Data Sheet

1.3 Terminology and Abbreviation

Table 1-1 shows the abbreviations and terminology used in this
manual.

Table 1-1 Terminology and Abbreviations

Terminology and Abbreviations Meaning

AHB Advanced High Performance Bus
FPGA Field Programmable Gate Array
IP Intellectual Property

MCU Micro Control Unit

IPUG1173-1.1E 1(16)
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1 About This Guide 1.4 Support and Feedback

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

IPUG1173-1.1E 2(16)
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2 Overview

2.1 IP Overview

2.1 IP Overview

2 Overview

Gowin AHB to AHB 16 Bridge IP includes 16 AHB slave device
interfaces and 1 AHB master device interface. The maser device interface
can be connected to the AHB bus interface of MCU (e.g., the Extended
AHB Slave of RiscV_AE350_SOC). Each of the 16 slave Interfaces can be
connected to a slave device that has an AHB bus interface and thus acts
as a peripheral to the master device MCU.

The base address of the AHB bus interface can be specified, which is
the memory-mapped address of the AHB bus interface of the MCU used.
The memory-mapped address size for each slave device interface can be
configured, such as 1 MB, 2 MB, 4 MB, or 8 MB.

Table 2-1 Gowin AHB to AHB 16 Bridge IP Overview

Gowin AHB to AHB 16 Bridge IP

Logic Resource

See Table 2-2

Delivered Doc.

Design Files

Verilog (encrypted)

Reference Design

Verilog and C

Test and Design Flow

Synthesis Software

GowinSynthesis

Application Software

® Gowin Software (V1.9.11 (64-bit) and above)
® RiscV_AE350_SOC RDS (V1.2 and above)

Note!

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

IPUG1173-1.1E
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2 Overview

2.2 Features

2.2 Features

2.3 Resource Utilization

The features of Gowin AHB to AHB 16 Bridge IP include:

Supports up to 16 AHB slave device interfaces

AHB bus base address can be specified

Memory-mapped address size for each AHB slave device can be

configured

Gowin AHB to AHB 16 Bridge IP can be implemented by Verilog
language. Its performance and resource utilization may vary when the
design is employed in different devices, or at different density, speed, or
grade. Using Gowin GW5AST series of FPGA as an instance, the
resource utilization of Gowin AHB to AHB 16 Bridge IP is as shown in

Table 2-2.

Table 2-2 Gowin AHB to AHB 16 Bridge IP Resource Utilization
Device Speed Grade | Name Resource Utilization Note
GW5AST-138 LUT 48 Slave 1 and Slave 2
Version B c1io REG 4

IPUG1173-1.1E
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3 Functional Description

Functional Description

Gowin AHB to AHB 16 Bridge IP includes 16 AHB Slave device
interfaces and 1 AHB master device interface, as shown in Figure 3-1. The
master device can be connected to MCU. Up to 16 AHB slave devices can
be connected to the slave device interface, acting as a peripheral to the
master device MCU.

Figure 3-1 Gowin AHB to AHB 16 Bridge IP Block Diagram
AHB

<:> Slave Device 1

AHB Master AHB

! AHB .
Device ——— AHBIOAHBIG L APP ) gave Device...
Bridge
(MCU)
AHB

<:::> Slave Device 16
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4 Port Description

Port Description

The details of Gowin AHB to AHB 16 Bridge IP 1/O ports are shown in
Table 4-1.

Table 4-1 Gowin AHB to AHB 16 Bridge IP Port List

Signal Name I/O Width Description Note
hclk input 1 Bus clock signal -
hresetn input 1 Bus reset signal -
us_haddr input [31:0] Bus address signal -
us_hsel input 1 Bus chip selected signal -
us_htrans input [1:0] Bus transmission type signal -
us_hrdata output [31:0] Bus read data signal -
us_hready input 1 Slave ready signal -
us_hreadyout output 1 Master ready signal -
us_hresp output 1 Bus transmission response -
signal
ds_hready output 1 Master ready signal -
dsO_hsel output 1 The first slave chip selected Slave 0
signal
dsO_hrdata input [31:0] The first slave read data signal
dsO_hreadyout | input 1 The first slave ready signal
dsO_hresp input 1 The first salve transmission
response signal
ds1_hsel output 1 The second salve chip selected | Slave 1
signal
ds1_hrdata input [31:0] The second slave read data
signal
ds1_hreadyout | input 1 The second slave ready signal

IPUG1173-1.1E 6(16)




4 Port Description
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Signal Name I/O Width Description Note
ds1_hresp input 1 The second slave transmission
response signal
ds2_hsel output 1 The third slave chip selected Slave 2
signal
ds2_hrdata input [31:0] The third slave read data signal
ds2_hreadyout | input 1 The third slave ready signal
ds2_hresp input 1 The third slave transmission
response signal
ds3 hsel output 1 The fourth slave chip selected Slave 3
signal
ds3_hrdata input [31:0] The fourth slave read data
signal
ds3_hreadyout | input 1 The fourth slave ready signal
ds3_hresp input 1 The fourth slave transmission
response signal
ds4_hsel output 1 The fifth slave chip selected Slave 4
signal
ds4 hrdata input [31:0] The fifth slave read data signal
ds4_hreadyout | input 1 The fifth slave ready signal
ds4_hresp input 1 The fifth slave transmission
response signal
ds5_ hsel output 1 The sixth slave chip selected Slave 5
signal
ds5 hrdata input [31:0] The sixth slave read data signal
ds5 hreadyout | input 1 The sixth slave ready signal
ds5_hresp input 1 The sixth slave transmission
response signal
ds6_hsel output 1 The seventh slave chip selected | Slave 6
signal
ds6_hrdata input [31:0] The seventh slave read data
signal
ds6_hreadyout | input 1 The seventh slave ready signal
ds6_hresp input 1 The seventh slave transmission
response signal
ds7_hsel output 1 The eighth slave chip selected Slave 7

signal
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4 Port Description
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Signal Name I/O Width Description Note
ds7_hrdata input [31:0] The eighth slave read data
signal
ds7_hreadyout | input 1 The eighth slave ready signal
ds7_hresp input 1 The eighth slave transmission
response signal
ds8 hsel output 1 The ninth slave chip selected Slave 8
signal
ds8 hrdata input [31:0] The ninth slave read data signal
ds8 hreadyout | input 1 The ninth slave ready signal
ds8 hresp input 1 The ninth slave transmission
response signal
ds9_hsel output 1 The tenth slave chip selected Slave 9
signal
ds9_hrdata input [31:0] The tenth slave read data signal
ds9 hreadyout | input 1 The tenth slave ready signal
ds9 hresp input 1 The tenth slave transmission
response signal
ds10_hsel output 1 The eleventh slave chip selected | Slave
signal 10
ds10_hrdata input [31:0] The eleventh slave read data
signal
ds10_hreadyout | input 1 The eleventh slave ready signal
ds10_hresp input 1 The eleventh slave transmission
response signal
ds11_hsel output 1 The twelfth slave chip selected Slave
signal 11
ds11_hrdata input [31:0] The twelfth slave read data
signal
ds11_hreadyout | input 1 The twelfth slave ready signal
ds11_hresp input 1 The twelfth slave transmission
response signal
ds12_hsel output 1 The thirteenth slave chip Slave
selected signal 12
ds12_hrdata input [31:0] The thirteenth slave read data
signal
ds12_hreadyout | input 1 The thirteenth slave ready signal

8(16)




4 Port Description
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Signal Name I/O Width Description Note
ds12_hresp input 1 The thirteenth slave
transmission response signal
ds13 hsel output 1 The fourteenth slave chip Slave
selected signal 13
ds13_hrdata input [31:0] The fourteenth slave read data
signal
ds13_hreadyout | input 1 The fourteenth slave ready
signal
ds13_hresp input 1 The fourteenth slave
transmission response signal
ds14_hsel output 1 The fifteenth slave chip selected | Slave
signal 14
ds14_hrdata input [31:0] The fifteenth slave read data
signal
ds14_hreadyout | input 1 The fifteenth slave ready signal
ds14_hresp input 1 The fifteenth slave transmission
response signal
ds15_hsel output 1 The sixteenth slave chip Slave
selected signal 15
ds15_hrdata input [31:0] The sixteenth slave read data
signal
ds15_hreadyout | input 1 The sixteenth slave ready signal
ds15_hresp input 1 The sixteenth slave transmission

response signal

9(16)




5 Parameter Description

Parameter Description

The ports of Gowin AHB to AHB 16 Bridge IP are as shown in Table

IPUG1173-1.1E

5-1.
Table 5-1 Parameter Description

Name Description Value

Bus Base Address Memory-mapped address of the master | 32-bit address
device AHB bus interface

Slave Address Size | Memory-mapped address size for slave | 1/2/4/8 MB
device

Slave 0 AHB bus interface for the first slave Enable/Disable

Slave 1 AHB bus interface for the second slave | Enable/Disable

Slave 2 AHB bus interface for the third slave Enable/Disable

Slave 3 AHB bus interface for the fourth slave Enable/Disable

Slave 4 AHB bus interface for the fifth slave Enable/Disable

Slave 5 AHB bus interface for the sixth slave Enable/Disable

Slave 6 AHB bus interface for the seventh slave | Enable/Disable

Slave 7 AHB bus interface for the eighth slave Enable/Disable

Slave 8 AHB bus interface for the ninth slave Enable/Disable

Slave 9 AHB bus interface for the tenth slave Enable/Disable

Slave 10 AHB bus interface for the eleventh Enable/Disable
slave

Slave 11 AHB bus interface for the twelfth slave | Enable/Disable

Slave 12 AHB bus interface for the thirteenth Enable/Disable
slave

Slave 13 AHB bus interface for the fourteenth Enable/Disable
slave

Slave 14 AHB bus interface for the fifteenth Enable/Disable

10(16)




5 Parameter Description
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Name Description Value
slave
Slave 15 AHB bus interface for the sixteenth Enable/Disable

slave
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6 Interface Configuration

Interface Configuration

You can select IP Core Generator Tool in Gowin Software to call and
configure Gowin AHB to AHB 16 Bridge IP.

Select "Tools > IP Core Generator" on the menu bar or click the " & "
on the tool bar to open IP Core Generator; then select "Soft IP Core >
Microprocessor System > Bus Interconnect > AHB to AHB 16 Bridge 1.1".

Gowin AHB to AHB 16 Bridge IP interface configuration is as shown in

Figure 6-1.
Figure 6-1 Gowin AHB to AHB 16 Bridge IP Configuration Interface
W IP Customization 7 e
. R
AHB to AHB 16 Bridge 5]
General
Device: |GWSAST—138 | Device Version:
Part Number: | GWSAST-LV138FPG676AES | Language: Verilog -
File Name: |ahb_to_a|'1b_16_bridge | Module Name: o AHB_16_Bridge_Top
Create In: |cai\Des|-ctop\ahb_to_ahb_1 6_bridge\src\ahb_to_ahb_16 b ridge|
— etk
155 furcdataf3 1:0) p—lie Options
=] sty
A
General
w5, hready out [~
=] s hadd(310] '
Bus Base Address: Ox
S - Slave Address Size;: | 8MB -
hresp (—
Slave
1, ] 0]
[ Slave 0 [ Slave 1 [ Slave 2 [ slave 3
b hready [—
— ] s ety [ slave 4 [ slave 5 [ slave 6 [ slave 7
[ slave 8 [ slave g [ slave 10 [ slave 11
[ slave 12 [ slave 13 [ slave 14 [ slave 15
Generation Config
v
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6 Interface Configuration 6.1 General Configuration

6.1 General Configuration

General configuration includes the "Bus Base Address" option and the
"Slave Address Size" options, as shown in Figure 6-2.

Figure 6-2 General Configuration

W IP Customization 7 e
. R
AHB to AHB 16 Bridge 57
General
Device: |GW5AST—138 | Device Version:
Part Number: | GWSAST-LV138FPG676AES | Language: Verilog -
File Name: |ahb_to_a|'1b_16_bridge | Module Name: o AHB_16_Bridge_Top
Create In: |cai\Des|-ctop\ahb_to_ahb_1 6_bridge\src\ahb_to_ahb_16 b ridge|
— etk
155 furcdataf3 1:0) p—lie Options
=] sty
A
General
w5, hready out [~
=] s hadd(310] '
Bus Base Address: Ox |ES000000
S - Slave Address Size;: |8MB -
hresp [—
Slave
1, ] 0]
N [ Slave 0 : [ slave 3
— ] s ety [ slave 4 [ slave 5 [ slave [ slave 7
[ slave 8 [ slave g [ slave 10 [ slave 11
[ slave 12 [ slave 13 [ slave 14 [ slave 15
Generation Config
v

The Bus Base Address is used to specify the memory-mapped
address of the AHB bus interface of the accessed master device (MCU),
and the default is 0xE8000000 (the memory-mapped address of the
Extended AHB Slave of RiscV_AE350_SOC), and it can be modified with
reference to the application requirements.

Slave Address Size is used to configure the memory-mapped address
size for each slave device, including 1 MB, 2 MB, 4 MB, and 8 MB, and
the default is 8 MB.

IPUG1173-1.1E 13(16)




6 Interface Configuration 6.2 Slave Configuration

6.2 Slave Configuration

Slave configuration includes 16 AHB bus interfaces for slave devices
Slave 0~15, which are used to connect to 16 slave devices as AHB
peripherals to the master device (MCU), as shown in Figure 6-3.

Figure 6-3 Slave Configuration

& IP Customization ? x®
AHB to AHB 16 Bridge S
General
Device: |GW5AST-138 | Dievice Version:
Part Number: | GWSAST-LV138FPG676AES | Language: Verilog -
File Name: |ahb_to_ahb_16_bridge | Module Name:
R el Create In: |cai\Des|-ctop\ahb_to_ahb_1 6_bridge\src\ahb_to_ahb_1 6_bridge|
P s hrelats{31:0) il
— L k(310 Options
T R w5, hraadyout e =
S General
—f s mady sy (= Bus Base Address: Ox
e s hready |— Slave Address Size:  |BMB hd
— ] 0 Dyt
— ol 0 s ol Slave
] 1 s3] Slave 0 Slave 1 [ Slave 2 [ Slave 3
= il headyout el sl [ ] Slave 4 [ slave 5 [ slave 6 [ slave 7
) e [ slave 8 [ slave 9 [ slave 10 [ slave 11
[] slave 12 [ slave 13 [ Slave 14 [] slave 15
Generation Config
v

Cancel

® |[f "Slave 0" is selected, the AHB bus interface of the first slave device
is enabled, and it is disabled by default.

® |[f "Slave 1" is selected, the AHB bus interface of the second slave
device is enabled, and it is disabled by default.

® |[f "Slave 2" is selected, the AHB bus interface of the third slave device
is enabled, and it is disabled by default.

® |[f "Slave 3" is selected, the AHB bus interface of the fourth slave
device is enabled, and it is disabled by default.

® |[f "Slave 4" is selected, the AHB bus interface of the fifth slave device
is enabled, and it is disabled by default.

® |[f "Slave 5" is selected, the AHB bus interface of the sixth slave device
is enabled, and it is disabled by default.

® |[f "Slave 6" is selected, the AHB bus interface of the seventh slave

IPUG1173-1.1E 14(16)




6 Interface Configuration

6.2 Slave Configuration

IPUG1173-1.1E

device is enabled, and it is disabled by default.

If "Slave 7" is selected, the AHB bus interface of the eighth slave
device is enabled, and it is disabled by default.

If "Slave 8" is selected, the AHB bus interface of the ninth slave device
is enabled, and it is disabled by default.

If "Slave 9" is selected, the AHB bus interface of the tenth slave device
is enabled, and it is disabled by default.

If "Slave 10" is selected, the AHB bus interface of the eleventh slave
device is enabled, and it is disabled by default.

If "Slave 11" is selected, the AHB bus interface of the twelfth slave
device is enabled, and it is disabled by default.

If "Slave 12" is selected, the AHB bus interface of the thirteenth slave
device is enabled, and it is disabled by default.

If "Slave 13" is selected, the AHB bus interface of the fourteenth slave
device is enabled, and it is disabled by default.

If "Slave 14" is selected, the AHB bus interface of the fifteenth slave
device is enabled, and it is disabled by default.

If "Slave 15" is selected, the AHB bus interface of the sixteenth slave
device is enabled, and it is disabled by default.

15(16)




7 Reference Design

Reference Design

See Gowin AHB to AHB 16 Bridge IP Reference Design for details at
Gowinsemi website.

® Hardware Reference Design:

...\ref_design\FPGA_RefDesign\DK_START_GWA5AST138 V1.0\ahb
_to_ahb_16_bridge

® Software Programming Reference Design:
...\ref_design\MCU_RefDesign\ahb_to_ahb_16_bridge

IPUG1173-1.1E 16(16)
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