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1 About This Guide

1.1 Purpose

This manual provides an overview of how to use the IP Core
Generator that forms part of the Gowin Yunyuan software. This generator is
designed to help users create complex designs with a more convenient
way. Gowin Yunyuan software supports both Linux and Windows operating
systems. The software screenshots and the supported products listed in
this guide are based on the version Windows 1.8.1 Beta. 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 thatis in
use

1.2 Supported Products

The information presented in this guide applies to the following
products:
1. GWIN series of FPGA products: GW1N-1, GW1N-2, GW1N-2B,
GW1N-4, GW1N-4B, GW1N-6, GW1N-9
GWI1NR series of FPGA products: GW1NR-4, GW1NR-4B, GW1NR-9
GW1NS series of FPGA products: GW1NS-2, GW1NS-2C;
GW2A series of FPGA products: GW2A-55, GW2A-18;
GW2AR series of FPGA products: GW2AR-18;
GW1NZ series of FPGA products: GW1NZ-1;
GWI1NSR series of FPGA products: GW1INSR-2C, GW1NSR-2.

1.3 Related Documents

The latest user guides are available on GOWINSEMI Website. You
can find the related documents at www.gowinsemi.com:
GW!N series of Products Data Sheet
GWI1NR series of FPGA Products Data Sheet
GW NS series of FPGA Products Data Sheet
GW2A series of FPGA Products Data Sheet
GW2AR series of FPGA Products Data Sheet
GW1NZ series of Products Data Sheet
GWI1NSR series of FPGA Products Data Sheet

NOoOkwN

NoOkwWNE
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1.4Abbreviations and Terminology

1.4 Abbreviations and Terminology
Table 1-1 shows the abbreviations and terminology that is employed in

this manual.

Table 1-1 Abbreviations and Terminology

Abbreviations and

Terminology NEVIIE

FPGA Field Programmable Gate Array

IDE Integrated Development Environment
IP core Intellectual Property Core

DP/DPX9 Dual Port

SP/SPX9 Single Port

SDP/SDPX9 Semi Dual Port

ROM/ROMX9 Read Only Memory

PADD Pre-adder

MULT Multiplier

PLL Phase-locked Loop

DLL Delay-locked Loop

OSC Oscillator

SPMI System Power Management Interface

1.5 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

SUG284-1.5E
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2Introduction

Introduction

The IP Core Generator that is available in the Gowin software is
predominantly used to generate instantiation components and IPs that
users can call to implement the required functions. They provide users with
a convenient way to create complex designs. The IP Core Generator
includes the Hard modules associated with primitives and the Soft IP Cores
associated with the reference designs.

SUG284-1.5E 3(100)




3IP Core Generation

IP Core Generation

Select “Tools > IP Core Generator" in the menu bar to open the IP
Core Generator page, as shown in Figure 3-1.

This page includes two parts:

® The modules associated with primitives;
® The IP Cores associated with the reference designs.

The Hard modules include Block Memory, CLOCK, DSP, I3C, SPMI,
and User Flash, etc;

The Soft IP Cores include CORDIC, Complex Multiplier, DDR,
DIVIDER, FFT, FIFO, I3C, MIPI, PSRAM, RAM Based Shift Register,
SDRAM Controller, etc.

This manual mainly provides an overview of how to use the Hard
modules.

Figure 3-1 IP Core Generator Page

Mame

4 Hard Module

o Block Memory
DP
ROM
SDP
SP

4 CLOCK
OsC
PLL

4 osp

m
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I3C
ik I3C SDR
SPMI
i SPMI
User Flash
i+ s User Flash
Soft IP Core
CORDIC
ik CORDIC
Complex Multiplier
Complex Multiplier
DDR
4 DDR1
DDR Memory Interface
DDR PHY Interface
4 DDR2
DDR2 Memory Interface
DDR2 PHY Interface
4 DDR3
DDR3 Memory Interface
DDR3 PHY Interface
DIVIDER
o4 DIVIDER
FFT
ik FFT
FIFO
ik FIFO
i FIFO SC
I3C
[3C DDR eXtension
[3C SDR
MIPT
MIPT RX
MIPT TX
Microprocessor System
4 Hard-Core-MCU
Gowin_EMPU
PSRAM
PSRAM Memory Interface
RAM Based Shift Register
i RAM Based Shift Register
SDRAM Controller

SDRAM Controller(With embedded SDRAM)
¢ SDRAM Controller(With external SDRAM)

< |

T

m

1

There are two icons at the top of the core generator page. One is for
the target device, and E] is used to open the IP core configuration files.
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"Target Device": Device to which the IP is to be targeted.
Click the right display box "Target Device" to select the device that
needs to be configured, as shown in Figure 3-2.
The name of the device selected will appear in the "Target Device"
display box (IP Customization> File).

Figure 3-2 Select Device

‘% Select Device l 2 [ |
Filter
Series: [GHLN v| Device: [tny |
Package:! [dny |
Speed: IJ\I\Y ']
Part Number Device Package Speed  Voltage 10 LuT FF S-SRAM B-¢ ~
GWIN-LV1CS30C6/15 GWIN-1 WLCSP30 C6/15 v 24 1152 864 nfa
GWIN-LV1CS30C5/14 GWIN-1 WLCSP30 C5/14 v 24 1152 864 nfa
GWIN-LVIQN32C6/15 GWIN-1 QFN32 C6/15 v 26 1152 864 nfa
GWIN-LVIQN32C5/14 GWIN-1 QFN32 C5/14 v 26 1152 864 nfa
GWIN-LVIQN4BCE/I5 GWIN-1 QFN4E C6/15 v 41 1152 864 nfa
GWIN-LVIQN4BCS/14 GWIN-1 QFN4E C5/14 v 41 1152 864 nfa
GWIN-LVIMG160CE6/15 GWIN-1 MEBGA1G6D C6/15 v 119 1152 864 nfa
GWIN-LVIMG160C5/14 GWIN-1 MEBGA160 C5/14 v 119 1152 864 nfa
GWIN-LVIPG204C6/15 GWIN-1 PBEGA204 C6/15 v 119 1152 864 nfa
GWIN-LVIPG204C5/14 GWIN-1 PBEGA204 C5/14 v 119 1152 864 nfa 3
] n b

the the modules and IP Cores that are supported.

".ipc". The “IP Customization” window will open for reconfiguration, as

After the user has selected the device, the IP Core Generator will list

The IP Cores or modules that are displayed in black are supported.
Double click on the name of the item to open the configuration window;
The IP Cores or modules that are displayed in grey are not supported.
As shown in Figure 3-1, GW1N-4 does not support the DDR memory

interface.

D can be used to open the configured IP core files. These can be
edited according to the user requirements. Click the icon to open the
"Select IP Config File" dialog box, and then select the IP Core Config file

shown in Figure 3-3.

6(100)




3IP Core Generation

Figure 3-3 IP Customization

r
i IP Customization

Block RAM: SP

File
Target Device: GHIF-LVALA144C6/I5 emmersss
Create In D buser-bak\Usersiroot\Desktop' testcase\TP_core\fpga projectisrelev_sp )
Module Hama:  GH_SP Fils Hame! gv_sp Add to Current Project
Optiens
J Width & Depth Read/Hrite Wode
Address Depth: 2 = Besd mode:  [Bypass -]
—oce —
Data Midth: 1 3 Mrite mode: [Hormel -]
— e
— res et SoU0:0] i Byte Ensble
Byte Size @ sbit gbit
— wre
Resources Usage
— =dp0]
Elock Ram Usage: 1 IFF Usage: 0
— cinl0:0] LT Usage: 0 WUE Usage: O
Reset Mode: @ Synchreneus () Asynehranous
Tnitialization
Memory Initialization File D
[ ok )| camcel || nelp
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3.1Block Memory

3.1 Block Memory

Currently, Block Memory (BSRAM) can be used to generate the
following modules: Single Port (SP), Semi-dual Port (SDP), Dual Port (DP),
and Read Only Memory (ROM).

3.1.1SP

SUG284-1.5E

SP is a Single Port Block Memory that can be implemented by SP and
SPX9. The maximum capacity depends on the chip type. Click "SP" on the
IP Core Generator page. A brief introduction to the SP will be displayed on
the right-hand side of the screen, , as shown in Figure3-4.

Figure3-4 SP Summary

'+ IP Core Generator

Name

4 Hard Module
- Block Memory
w DP
w ROM
w SDP
% sP
CLOCK
Dsp
I3C
SPMI
User Flash
Soft IP Core

Target Device: | GH2A-L¥ISLA144CT/I6 D

=5 E=H 55
Information
Type: SP
Vendor: GOWIN Semiconductor

summary:

B-SRAM can be configured as Single port Block SRAM. In this mode,
the design supports different read and write data widths. It can be
initialized by a memory initialization file. And also, it supports five
working modes including two read modes (bypass and pipeline), and
three write modes (normal, write-through, and read-before-write). The
byte enable function is supported in this mode.

In SP mode, the primitives SP and SPX9 can be used. The primitives
support multiple data widths and address depths(Depth x width): SP--
16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16, 512x32; SPX9--2Kx9, 1Kx18,
512x36.

Copyright{C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.

Double click on “SP”, and the “IP Customization” window will open, as
shown in Figure 3-5. This window includes file configuration, options
configuration, port configuration diagram, and the “Help” button.
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Figure 3-5 SP-IP Customization

. J 5
Block RAM: SP 55
File
Filefil EAE
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=
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24[0:0]
Elock Ram Usage: 1 IFF Usage: 0
dinf0:0 LUT Usage: O WUE Usage: O
Reset Mode: @ Synchreneus () Asynehranous
. : :
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Memory Initialization File D
® & Helpi#il
T 1
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1.

File Configuration
The file configuration mainly includes the basic information related to

the SP instantiation file.

Target Device: Display the configured device info.;

Language: Hardware description language used to generate the IP

Core files. Click the right drop-down list box to select the target

language, including Verilog and VHDL, as shown in Figure 3-6.

Module Name: Name given to the generated IP Core module. Enter the

module name in the text box on the right side.

File Name: Name given to the generated IP Core. Enter the file name

in the text box that is displayed on the right side.

Create In: Path to the directory in which the generated IP files will be

stored. Enter the target directory in the box on the right side or select

the target directory using the option button that appears next to the text

button.

Add to Current Project: Decide whether to save the IP Core file to the

current project.

- If the check box is not selected, the IP Core file will only be saved
to the target directory.

- If the check box is selected, the IP Core file will be both saved to
the target directory and displayed in the design window of the
currently opened project.

Note!
® "Add to Current Project" is checked by default;

® |P Core generates an RTL file, so if the current project is a Post-Synthesis
Project, “Add to Current Project” is grey and non-configurable.
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Figure 3-6 Language Drop-down List Box

2. Options Configuration
Options configuration mainly includes configuration information related
to the MULTALU instantiation file, as shown in Figure 3-5.

e \Width & Depth: Set SP Address Depth and Data Width. If the setting
cannot be implemented by one module, multiple modules will be used
to implement the current configuration.;

e Byte Enable: used to configure the use of Byte Enable. It can be
selected when the Data Width is equal to or greater than 9, and byte
size can be 8 bits or 9 bits;

® Resource Usage: Calculate and display the resource usage of Block
Ram, DFF, LUT, and MUX for the current configuration;

® Read/Write Mode: Configures Read/Write mode.

SP supports the following modes:

- Two Read modes: Bypass and Pipeline;

- Three Write modes: Normal, Write-Through, Read-before-Write.
® Reset Mode: Configure the reset mode of SP;

Reset Mode can be synchronous or asynchronous.

e Initialization: Configure the INIT value of SP.

Memory Initialization File: Allows you to select a memory initialization
file (.mi) for the module. INIT value is written in the Initialization File in
Binary or Hex formats.

Note!

The Memory Initialization File can be written or generated by the menus
“File->New->Memory File”. For detailed instructions on how to generate the memory file
and the associated file format, please refer to Gowin Yunyuan Software User Guide.

3. Ports Configuration Diagram

® The ports configuration diagram displays the current IP Core
configuration result. The Input/Output bit-width updates in real time
based on the "Options" configuration, as shown in Figure 3-5.

® "Address Depth" determines the bit-width of ad; "Data Width"
determines the bit-width of din and dout.

4. Help
Click "Help" to open the IP Core configuration information, as shown in

Figure 3-7.
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Figure 3-7 Help

SP

Information

Type: sp
Vendor: GOWIN Semiconductor

B-SRAM can be configured as Single port Block SRAM. In this mode, the design supports different bit width data read

and write. It can be initialized by a memory initialization file. And also, it supports five working modes including two

read modes (bypass and pipeline), and three write modes (nermal, write-through, and read-before-write). The byte
Errrerr enable function is supported in this mode.

In SP mode, the primitives SP and SPX9 can be used. The primitives support multiple data widths and address
depths(Depth x width): SP--16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16, 512x32; SPX9--2Kx9, 1Kx18, 512x36.

Options

I T
Address Depth - Set the size of the address depth.

Width & Depth
Data Width - Set the size of the data width.

Read Mode - Set whether the read mode is bypass mode or pipeline mode.

Read/write Mode
Write Mode - Set the write mode as normal mode, write-through mode or read-before-write mode.
Byte Enable - Set whether to use byte enable function or not.

Byte Size - Set whether the byte size is 8bit or 9bit if the byte enable selected.

Byte Enable
Note: Assume that the data width is represented by Width. (1) If With<8, byte enable function is invalid; (2) If
Width=8, only 8 bit is valid; (3) If Width=>9, both 8 bit and 9 bit are valid.
Calculate - Calculate the resource usage in the design and display results below.
Block Ram Usage - Display the number of Block Ram used.
Resource Usage DFF Usage - Display the number of DFF used.
LUT Usage - Display the number of LUT used.
MUX Usage - Display the number of MUX used.
Reset Mode Reset Mode - Set whether the reset mede is synchronous mode or asynchronous mode.

Memory Initialization File - Set the memory initialization file (.mi) path.
Initialization
File Format - Set whether the format of the memory initialization file content is Binary or Hex.

The Help page contains the IP Core general description, and a brief
introduction to the "Options".
5. IP Generation Files
As shown in Figure 3-8, after customizing the IP, click “OK” to generate
three files based on the "File Name" specified in the File configuration:
® Design file for the Gowin primitive SP instantiation "gw_sp.v";
® The instantiation template file for the IP design file "gw_sp_tmp.v";
® The configuration files for the Gowin Primitive SP instantiation
"gw_sp.ipc".
Note!
If VHDL is selected as the hardware description language, the first two files will be named

with an .vhd suffix. Taking verilog for instance, the following sections introduce the
generated files.

SUG284-1.5E 11(100)
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Figure 3-8 IP Customization

.
%, IP Customization D |
. =l
Block RAM: SP 55
File
Target Device: GHIF-LVALA144C6/I5 emmersss
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Memory Initialization File D
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6. SP Design File Instantiation

The design file for the Gowin primitive SP instantiation is a complete
Verilog module. SP instantiation is generated according to the SP
configuration provided in the "IP Customization” window, as shown in

Figure 3-9.
Figure 3-9 SP Design File Instantiation
module GW_SP (dout, clk, oce, ce, reset, wre, ad, din);

:0] dout;

wire gw_gnd;
assign gw_gnd = 1'b0;

SP bram sp 0 (
DO (dout[0]),
.CLK (clk),
.CCE (oce) ,
.CE(ce),
.RESET (reset),
.WEE (wre),
.BLESEL({gw_gnd,gw_gnd, gw_gnd}),

.LD({gw_gnd,gw_gnd, gw_gnd,gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd,ad[0]}),

DI (din[ad])
Vi

defparam bram sp_ 0.
defparam bram sp_ 0.
defparam bram sp_ 0.
defparam bram sp 0.
defparam bram sp 0.
endmodule //

GW_SP

READ MODE = 1'bO;
WRITE_MODE = 2'b00;
BIT WIDTH = 1

BLK SEL = 3'b000;
RESET_MODE = "SYNC";
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7. The Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating the SP design file instantiation, as shown in Figure
3-10.

Figure 3-10 Instantiation Template File for the IP Design File

GW_SP your instance name |

.dout (dout_o}, SSfoutput [0:0] dout
.clk(clk i}, /S/input clk

.ocefoce 1), S/input oce

.ce(ce i), /S/input ce
.reset(reset_1i), /S/input reset
.wWre(wre_1i), //input wre

.adfad i), /Sinput [0:0] ad
.din(din i} f/ipput [0:0] din

8. SP Generation Example

Generate a specific SP IP as follows:
Width and Depth: 4096 x 4;
Pipeline read mode;
Write-through mode;
Synchronous.

Take the GW1N-4-LQFP144 device for instance; the configuration
page is as shown in Figure 3-11. Select a memory initialization file (.mi) for
the module as required, and then click "OK" to generate the customized SP
IP design files.

The generated IP files are stored in the directory set in the "Create in"
text box. If “Add to Current Project” is checked, the generated IP design
files will be automatically added to the project.
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Figure 3-11 SP - IP Customization

-
2 IP Customization

[EEN===)

5 R
Block RAM: SP 5 7]
File
Target Device: GHIN-L¥ALQ144C6/IS e
Create In D: \user-baklsersiraot\Desktopi testease\TE_core’ fpga_projectisrchen_sp [
Module Nama:  GH_SP File Hame! aw_sp Add to Current Project
Options
— o Hidth & Depth Read/rite Mode
Address Depth: 4006 = Read mode:  |Pipeline -]
—oce -
Data idth: 4 = frite mode: [frite-Through -]
— e
— 1oz et douf2:0] el Byts Ensble
Byte Size @ sbit gbit
— wre
Resources Usage
= =d]110]
Flock Ram Usage: 1 IFF Vsage: 0
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Reset Mode: @ Synchronems () Asynehronous
Tnitialization
Memory Initialization File! akfUsers/root/Desktop/testease/IF_core/fpga_project/sro/test mi D
0 | [ Concel || Help

DP is the Dual Port Block Memory, which can be implemented by DP
and DPX9. The maximum capacity depends on the chip type. Click "DP" on
the IP Core Generator page. A brief introduction to the DP will be displayed
on the right of the screen, as shown in Figure 3-12.

Figure 3-12 DP Summary Information

1P Core Generator

E= el =)

Target Device GRZA-LV1BLA144CT/T6 E]

Name
4 Hard Maodule
4 Block Memory

& Dp
% ROM
% spp
W osp
3 CLOCK
3 DSP
3 13C
3 SPMI

o User Flash
o Soft IP Core

DP

Information

Type: DP

Vendor: GOWIN Semiconductor

Summary: B-SRAM can be configured as Dual-port Block SRAM. In this mode, the
design support different data widths. Both port A and port B can read
or write. It can be initialized by a memory initialization file. And also, it
supports five working modes including two read modes (bypass and
pipeline), and three write modes (normal, write-through, and read-
before-write). The byte enable function is supported in this mode.

In DP mode, the primitives DP and DPX9 can be used. The primitives
support multiple data widths and address depth (Depth x Width): DP--
16Kx1, BKx2, 4Kx4, 2Kx8, 1Kx16; DPX9--2Kx9, 1Kx18.

MOTE: The value of Depth*Width of port A must be the same as that
of port B.

Copyright(C)2014-2018 GOWIN Semniconductor Corporation. All Rights Reserved.
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Double-click on the "DP" to open the "IP Customization” window. This
displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-13.

Figure 3-13 DP - IP Customization
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File
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1. File Configuration

The File configuration window mainly includes the basic information

related to the DP instantiation file, as shown in Figure 3-13.

The DP file configuration is similar to that of SP. For the detailed
configuration, please refer to 3.1Block Memory>3.1.1SP > File

Configuration.
2. Options Configuration

Options configuration mainly includes the configuration information

related to the DP instantiation file, as shown in Figure 3-13.

DP Options configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1 Block Memory>3.1.1SP >

Options Configuration.

Pay attention to the following before configuring the DP:

® The address depth, data width, and read/write mode of DP Port A and
Port B can be configured independently.

® The address depth and data width of DP Port A and Port B must be
equal because Port A and Port B read from or write to the same
memory.

® The data width in the Memory initialization File should be consistent

with the data width of the port specified in the "Dimension Match".

Note!

® |[f the address depth and data width of DP Port A and Port B are different, an
error message will be displayed, as shown in Figure 3-14.
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® If the data width is different, the Init value of the generated DP instantiation is 0
by default, and an error message will be displayed:

® Error (MG2105): Initial values' width is unequal to user's width.

Figure 3-14 DP Configuration Error

¥ Error lﬁr

The product (Address Depth * Drata Width) of the port A and port B must
L be equal.

w

Ports Configuration Diagram

® The ports configuration diagram displays the current IP Core
configuration result. Input/Output bit-width updates in real time based
on the "Options" configuration, as shown in Figure 3-13.

® "Address Depth" determines the bit-width of ada and adb; "Data Width"

determines the bit-width of dia/doa and dib/dob.

4. Help
Click "Help" to open the IP Core configuration information, as shown in
Figure 3-15.
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Figure 3-15 Help
DP

Information

Type: DP
Vendor: GOWIN Semiconductor

B-SRAM can be configured as Dual-port Block SRAM. In this mode, the design support different bit width data. Both
port A and port B can read or write. It can be initialized by a memory initialization file. And also, it supports five
working modes including two read modes (bypass and pipeling), and three write modes (normal, write-through, and
read-before-write). The byte enable function is supported in this mode.

Summary:
1 In DP mode, the primitives DP and DFX9 can be used. The primitives support multiple data widths and address
depth (Depth x Width): DP--16Kx1, 8Kx2, 4kxd, ZKx38, 1Kx16; DPX9--2Kx8, 1Kx18.

NOTE: The value of Depth*wWidth of port A must be the same as that of port B.

Options

I

Address Depth - Set the size of the address depth.
Data Width - Set the size of the Data width.
Port A
Read Mode - Set whether the read mode is bypass mode or pipeline mode.
Write Mode - Set the write mode as normal mode, write-through mode or read-before-write mode.
Address Depth - Set the size of the address depth.
Data Width - Set the size of the Data width.
PortB
Read Mode - Set whether the read mode is bypass mode or pipeline mode.
Write Mode - Set the write mode as normal mode, write-through mode or read-before-write mode.
Byte Enable - Set whether to use byte enable function or not.
Byte Enable Byte Size - Set whether the byte size is 8bit or 9bit if the byte enable checkbox selected.

Mote: Assume that the data width is represented by Width. (1) If With<8, byte enable function is invalid; (2) If
Width=9, only & bit is valid; (3) If Width=9, both & bit and 9 bit are valid.

Calculate - Calculate the resource usage in the design and display results below.
Block Ram Usage - Display the number of Block Ram used.
Resource Usage DFF Usage - Display the number of DFF used.
LUT Usage - Display the number of LUT used.
MUX Usage - Display the number of MUX used.
Reset Mode Reset Mode - Set whether the reset mode is synchronous mode or asynchronous mode.
Memory Initialization File - Set the memory initialization file {.mi) path.
Initialization Dimension Match - Set which port's dimensions the memory initialization file should conform to.

File Format - Set whether the format of the memory initialization file content is Binary or Hex.

The Help page contains the IP Core general description, and a brief
introduction to the "Options".

IP Generation Files

As shown in Figure 3-16, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the file configuration:
® The design file for the Gowin Primitive DP instantiation "gw_dp.v";
® The instantiation template file for the IP design file "gw_dp_tmp.v";
® The configuration files for the Gowin Primitive DP instantiation

"gw_dp.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with a .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.
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Figure 3-16 DP - IP Customization
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DP Design File Instantiation

The design file of Gowin Primitive DP instantiation is a complete
verilog module. DP instantiation is generated according to the DP
configuration specified in the "IP Customization” window, as shown in

Figure 3-17.

18(100)




3IP Core Generation 3.1Block Memory

Figure 3-17 DP Design File Instantiation
module GW_DF (douta, doutbk, clka, occea, cea, reseta, wrea, clkb, oceb, ceb, resetb, wreb, ada, dina, adb, dinb):

cutput [0:0] douta:
cutput [0:0] doutb;
input clka:

input ocea;

input cea;

input reseta;

input wrea;

input clkb:

input oceb;

input ceb:

input resetk;

input wreb;

input [9:0] adar
input [0:0] dina;
input [9:0] adb:
input [0:0] dinb;

wire gw_gnd;
assign gw_gnd = 1'b0;

DF bram dp_0 (
.DOR (douta[0]),
.DOB({doutb[0]1),
.CLEA (clka),
.OCER (ocea) ,
.CERL(cea),
.RESETA(reseta),
.WRER {wrea) ,
.CLEB (clkb),
.OCEB (oceb) ,
.CEB{ceb),
.BRESEIB({reseth),
.WREB (wreb) ,
.BLESEL({{gw_gnd, gw_gnd, gw_gnd}),
.ADR({{gw_gnd,gw_gnd,gw_gnd,gw_gnd,ada[2:0]1),
.DIA{dina[0]},
.ADB({{gw_gnd,gw_gnd, gw_gnd, gw_gnd, adb[3:0]1),
.DIB(dinb[0])

defparam bram dp 0.READ MODEO = 1'b0:
defparam bram dp 0.READ MODEL = 1'b0;
defparam bram dp 0.WRITE MODEQ = 2'b00;
defparam bram dp 0.WRITE MODELl = 2'b00;
defparam bram dp 0.BIT_WIDTH 0 = 1;
defparam bram dp 0.BIT_WIDTH 1 = 1;
defparam bram dp 0.BLE SEL = 3'b000;
defparam bram dp 0.RESET_MODE = "3SYNC":

endmodule //GW_DF

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating the DP design file instantiation, as shown in Figure
3-18.
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Figure 3-18 Instantiation Template File for the IP Design File

GW_DPF your instance name |
.douta (douta_o), /Soutput [0:0] douta
.douth {doutb o), //output [0:0] douthb

.clka({clka_ i), //input clka
.ocea{ocea_1i), f/input occea
.cea(cea i), J/input cea
.reseta(reseta_i), //input reseta
.Wrea(wWwrea_1i), //input wrea
.clkb{clkk i}, //input clkb
.oceb{oceb i), //input oceb
.cebi{ceb i}, //input ceb
.resetbh(resetb_i), //input resetb
.wreb(wreb i), //input wreb
.ada(ada i), //input [9:0] ada
.dina({dina i), //input [0:0] dina
.adb(adb i), //input [9:0] adb

.dinb(dinb i) //input [0:0] dinb

DP Generation Example

Generate a specific DP IP as follows:

- Width and Depth: 8192 x 2;

- Bypass read mode and write-through write mode;

- Synchronous.

Take the GW1N-4-LQFP144 device for instance; the configuration
page is as shown in Figure 3-19. Select a memory initialization file (.mi) for
the module as required, and then click "OK" to generate the customized DP
IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.
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Figure 3-19 DP -
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3.1.3 SDP

SDP is a Semi-dual Port Block Memory that can be implemented by
SDP and SDPX9. The maximum capacity depends on the chip type. Click
"SDP" on the IP Core Generator page. A brief introduction to the SDP will
be displayed on the right of the screen, as shown in Figure 3-20.

Figure 3-20 SDP Summary Information
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Summary:

Information
Type: SDP
Vendor: GOWIN Semiconductor

B-SRAM can be configured as Semi dual-port Block SRAM. In this
mode, the design supports different read and write data widths(port A
for writing and port B for reading). It can be initialized by a memory
initialization file. And also, it supports three working modes including
two read modes (bypass and pipeline), and one write mode (normal).
The byte enable function is supported in this mode.

In SDP mode, the primitives SDP and SDPX9 can be used. The
primitives support multiple data widths and address depths(Depth x
width): SDP--16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16, 512x32; SDPX9--
2Kx9, 1Kx18, 512x36.

NOTE: The value of Depth*Width of port A must be the same as that
of port B.

Copyright(C)2014-2018 GOWIN Semiconductar Corporation. All Rights Reserved.
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Double click on the "SDP" to open the "IP Customization” window, This
displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-21.

Figure 3-21 SDP - IP Customization

w IP Customization

Block RAM: SDP o

File

FilefR EHE

GH1F-L¥4LR144C6/15

=)

Add to Current Project

Target Device Language:

Create In: I huser-] bak\UsersirootiDesktopitestease\IF_coreifpga projectisrelzw_sdp

Module Hame:

—
Options

Fort &

Gif_SDE File Name! gv_sdp

'

din[0:0] soutan Port B

!

adsp-0 Address Depth! 2 Address Depth! 2
adb[0:0]

Data Width: 1 Data Width: 1

Read Mods Bypass -

Eyte Enable
clkb

Optionsfr BHE

Bwte Size:

ceb
Resources Usage

Calenlate

Block Eanm Usage: 1 IFF Usage: O

iy

LUT Usage: O MU Usage: O

Reset Meds: © Symehromous () Asynchronous

Initialization

mOEEAE

Memory Initialization File

)

Dimension Mateh: © Pert A () Port B

B ® Helpi®s

Kelp |

) [Cewea |

1. File Configuration

File configuration mainly includes the basic information related to the
SDP instantiation file, as shown in Figure 3-21.

The SDP file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

Options configuration mainly includes the configuration information of
SDP instantiation file, as shown in Figure 3-21.

SDP options configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP>
Options Configuration.

Pay attention to the following before configuring the SDP:

e SDP only supports Port A write operation and Port B read operation;
Port B Read Mode can be Bypass or Pipeline;

® The address depth and data width of SDP Port A and Port B can be
configured independently.

® The address depth and data width of SDP Port A and Port B must be
equal because Port A and Port B read from or write to the same
memory. If not, Error message as shown in Figure 3-22 will pop up.

® The date width specified in the Memory initialization File should be

consistent with the data width of the port selected by the "Dimension
Match". If not, the Init value of the generated SDP instantiation is O by
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default, and the following error message will be displayed:
Error  (MG2105) : Initial values' width is unequal to user's width.

Figure 3-22 SDP Configuration Error

¥ |
&a Error Iﬁ

~ The product (Address Depth * Data Width) of the port A and port B must
l %  be equal

w

Ports Configuration Diagram

® The ports configuration diagram displays the current IP Core
configuration result. Input/Output bit-width updates in real time based
on the "Options" configuration, as shown in Figure 3-21.

® Port A"Address Depth" determines the bit-width of ada, and Port A
"Data Width" determines the bit-width of din; Port B "Address Depth"
determines the bit-width of adb, and Port B "Data Width" determines
the bit-width of dout.

4. Help
Click "Help" to open the IP Core configuration information, as shown in

Figure 3-23.

Figure 3-23 Help
SDP

Information

Type: SDP
Vendor: GOWIN Semiconductor

B-SRAM can be configured as Semi dual-port Block SRAM. In this mode, the design supports different bit width data
read and write (port A for writing and port B for reading). It can be initialized by a memory initialization file. And also,
it supports three working modes including two read modes (bypass and pipeline), and one write mode (normal). The
byte enable function is supported in this mode.

Summary:
i In SDP mode, the primitives SDP and SDPX9 can be used. The primitives support multiple data widths and address
depths(Depth x width): SDP--16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16, 512x32; SDPX9--2Kx9, 1Kx18, 512x36.

NOTE: The value of Depth*Width of port A must be the same as that of port B.

Options

S ™ S

Address Depth - Set the size of the address depth.
PortA Data Width - Set the size of the Data width.
Address Depth - Set the size of the address depth.
Port B Data Width - Set the size of the Data width.
Read Mode - Set whether the read mode is bypass mode or pipeline mode.
Byte Enable - Set whether to use byte enable function or not.
Byte Enable Byte Size - Set whether the byte size is 8bit or 9bit if the byte enable checkbox selected.

Note: Assume that the data width is represented by Width. (1) If With<8&, byte enable function is invalid; (2) If
Width=9, only 8 bit is valid; (3) If Width=>9, both 8 bit and 9 bit are valid.

Calculate - Calculate the resource usage in the design and display results below.
Block Ram Usage - Display the number of Block Ram used.
Resource Usage DFF Usage - Display the number of DFF used.
LUT Usage - Display the number of LUT used.
MUX Usage - Display the number of MUX used.
Reset Mode Reset Mode - Set whether the reset mode is synchronous mode or asynchronous mode.
Memory Initialization File - Set the memary initialization file (.mi) path.
Initialization Dimension Match - Set which port's dimensions the memory initialization file should conform to.

File Format - Set whether the format of the memory initialization file content is Binary or Hex.
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The Help page contains a general description of the IP Core, and a
brief introduction to the "Options".

IP Generation Files

As shown in Figure 3-24, after customizing the IP, click “OK” to
generate three files that are named according to "File Name" specified in
the file configuration:
® The design file for the Gowin Primitive SDP instantiation "gw_sdp.v";
® The instantiation template file for the IP design file "gw_sdp_tmp.v";
® The configuration file for the Gowin Primitive SDP instantiation

"gw_dp.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with a .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

Figure 3-24 IP Customization

Customize IP w [
Block RAM: SDP &
File
Target Device: GIMH-LY4LA144CE/T5 Language Verilog +
Create In: D:huser—bakilzersiroot\Desktopitestoaze\IF_core\temphzrchgw_sdp .
Wodule Hame:  GFf_SDP File Fame: gu_sdp 7] Add to Current Project
Optiens
= din[:0] doul3:0] Port A Port B
— caaro Address Depth: 256 2| hddress Depth: 256
=db[7:0] [l . =
Dats Width: 4 3 Data Width: 4
Read Mode: Eypass -
—» i
Byte Enable
—bcce cleo [—
Eyte S it it
—
= cab —
Resowrces Usag,
— st I
res eth [d— Caleulate Block Ram Usage: 1 DFF Vszage: 0
— e
LUT Usage: 0 MUY Usage: O
o —
Resst Mods: @ Synchrenous Asymehronous
Initialization
Memory Initialization File: ™
Dimension Match: @ Port A () Port B
File Fermat @ Binary () Hex () Address-Hex
0K ] \ ] | \ Help | I

SDP Design File Instantiation

The design file for the Gowin Primitive SDP instantiation is a complete
verilog module. SDP instantiation is generated according to the SDP
configuration specified in the "IP Customization” window, as shown in
Figure 3-25.

Note!

Din/Dout data width of the generated SDP instantiation is consistent with that of the SDP
configured in the "IP Customization" window.
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Figure 3-25 SDP Design File Instantiation

module GW_SDF (dout, clka, cea, reseta, wrea, clkb, ceb,

cutput [3:0] dout;
input clka;
input cea;

input reseta;
input wrea;
input clkb;
input cek;

input resetck;
input wrek;
input occe;

input [7:0] ada;
input [3:0] din;
input [7:0] adb;

wire gw_gnd;
a3sign gw_gnd = 1'k0;

S0P bram sdp 0 (
.D0({dout[3:0]1),
.CLER (clka),
.CEL(cea),
.BRESETA (reseta),
.WEREL (wrea) ,
.CLEB (clkb),
.CEB {ceb) ,
.RESETBE (resethb) ,
.WREE (wreb) ,
.0CE {oce) ,
.BLKSEL ( {gw_gnd, gw_gnd, gw_gnd}),
LADL({gw_gnd,qw_gnd,gw_gnd,gw_gnd,ada[7:
.DI{din[3:0]},
LRDB({gw_gnd,qw_gnd,gw_gnd,gw_gnd,adb([7:
|H

defparam bram sdp 0.READ MODE = 1'b0;
defparam bram sdp 0.BIT WIDIH 0 = 4;
defparam bram sdp 0.BIT WIDTH 1 = 4;
defparam bram sdp 0.BLEK 3EL = 3'b000;
defparam bram sdp 0.RESET_MODE = "3YNC";

endmodule //GW_SDF

reseth,

Ol ,gw_gnd, gw_gnd})

Ol ,gw_gnd, gw_gnd})

wrek, cce, ada,

Instantiation Template File for the IP Design File

din, adb);

For efficiency purposes, the IP Core Generator generates the template
file while generating SDP design file instantiation, as shown in Figure 3-26.

Figure 3-26 Instantiation Template File for the IP Design File

GW_5DF your_instance name |
.dout {dout_o), //foutput [3:0]
.clka{clka_i), //input clka
.cea(cea i), //finput cea

dout

.re3eta(reseta_1i), //input reseta

.Wrea(wrea_1i), f/input wrea
.clkb{clkk i}, //input clkb
.ceb(ceb i), //input ceb

.regetb({resetb_i), //input resetb

.wreb(wreb i), //input wreb
.oce{oce_1i), ffinput oce

.ada(ada i), f/finput [7:0] ada
.din{din i), /finput [3:0] din

.adb(adb i) //input [7:0] adb
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SDP Generation Example

Generate a specific SDP IP as follows:

- Width and Depth: 512 x 32;

- Bypass read mode;

- Synchronous.

Take the GW1N-4-LQFP144 device for instance; the configuration
page is as shown in Figure3-27. Select a memory initialization file (.mi) for
the module as required, and then click "OK" to generate the customized
SDP IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the

Figure3-27 SDP - IP Customization
1P Customization 2|
c Il
Block RAM: SDP = 7]
File
Target Device: SHIN-LVALO14408/I5 Langusge:  |Verileg v
Create In I huser-] balhUsersiroothDesktopitestoase\IF_coreifpga_projectisrelge_sdp
Moduls Hame: G SDF File Name: ev_sip 7] Add to Curvent Broject
Options
= dinf511:0 dougaro) = Port A Port B
[P Address Tlepth: 512 2| Address Depth 32
adb]4:0] = —
Data fidth: 512 4] Datawiah 32
Eead Mode Bypass -
—f i
Byte Enabl
—{ oo it f—
Byte Size it it
s
o ceb fd—
Resources Vsag
— res et R
reset f— Caleulate Block Ran Usage: 1 IFF Vsage: 0
—
LT Usage: O M Usage: 0
b —
Reset Mods® @ Synehronsms () Asynohronous
Initislization
Memory Initialization File! sk/Usersfront/Tesktop/testrass/TE rove/fpza project/sreftest mi | |
Dimension Match: @ FPert A ) Part B
0K | [ Cancel | [ relp

3.1.4 ROM
ROM is the Read Only Memory, which can be implemented by ROM
and ROMX9. The maximum capacity depends on the chip type. Click the
"ROM" on the IP Core Generator page. A brief introduction to the ROM will
be displayed on the right of the screen, as shown in Figure 3-28.
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Figure 3-28 ROM Information

&”:J,. IP Core Generator

Name

4 Hard Module

oaa DP
& ROM
&b sop
TSP
> CLOCK
Dsp
13C
SPMI
User Flash
> Soft IP Core

< 1

4 Block Memary

f=lre ==

Target Device: | GH2A-LV1BLQ144CT/I6 IE]

ROM

Information

Type: ROM

Vendor: GOWIN Semiconductor

Summary: B-SRAM can be configured as ROM. In this mode, the design supports
different read data widths. It can be initialized by a memory initialization
file, and also supports two read modes (bypass and pipeline).

In ROM mode, the primitives ROM and ROMX9 can be used. The
primitives support multiple data widths and address depths (Depth x
width). ROM--16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16, 512x32; ROMX9--
2Kx9, 1Kx18, 512x36.

Copyright(C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.

On the IP Core Generator page, double click the "ROM" to open the

"IP Customization” window. This displays File configuration, Options

configuration, port configuration diagram, and the “Help” button, as shown
in Figure 3-29.

Figure 3-29 ROM - IP Customization

e -
24 IP Customization (-8
Block RAM: ROM oS

File
File
Target Device: GHIF-LVALA144C6/I5 RELE emmersss
Create In D buser-bak\Usersireot\Desktop\ testcase\IF_core\fpga projectisrelgeron [ ... |
Module Hame:  GH_EOM File Nane: ge_rom Add to Carrent Project
Options
Width & Depth Read Mode
— 0]
Address Depth: 2 = Bead Hode: [Bypass -]
—f i Data Width: 1 z
OptionsBRE1E
Resources Usage
- oce
P Block Kanm Usage: 1 IFF Usaze: O
e LT Usage: 0 WU Usage: 0
J . Reset Mode: @ Synchronous © Asynchronous
Initialization
—»
e Memory Initislization File E]
=
i OB BAE
Helpt#l
[ ok || cancad ||| rep ||
!

1. File Configuration
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File configuration mainly includes the basic information related to the
ROM instantiation file, as shown in Figure 3-29.

ROM file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

Options configuration mainly includes the configuration information
related to the ROM instantiation file, as shown in Figure 3-29.

ROM Options configuration is similar to that of SP. For the detailed
configuration instructions, please refer to_3.1Block Memory > 3.1.1SP>
Options Configuration.

Note!
e ROM only supports read operation; Read mode can be Bypass or Pipeline;

e The date width specified in the Memory initialization File should be consistent with the
data width configured. If not, the Init value of the generated ROM instantiation is 0 by
default, and the following error message will be displayed:

e Error (MG2105): Initial values' width is unequal to user's width.

3. Ports Configuration Diagram

Ports configuration diagram displays the current IP Core configuration
result. Input/Output bit-width updates in real time based on the "Options"
configuration, as shown in Figure 3-29.

"Address Depth" determines the bit-width of ad; "Data Width"
determines the bit-width of dout.
4. Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-30.

Figure 3-30 Help
ROM

Information

Type ROM
Vendor: GOWIN Semiconductor

B-SRAM can be configured as ROM. In this mode, the design supports different bit width data readings. It can be
initialized by a memory initialization file, and also supports two read modes (bypass and pipeline).

Summary: In ROM mode, the primitives ROM and ROMX9 can be used. The primitives support multiple data widths and address

depths (Depth x width). ROM--16Kx1, 8Kx2, 4Kx4, 2Kx8, 1Kx16, 512x32; ROMX9--2Kx9, 1Kx18, 512x36.

Options

I S ™

Address Depth - Set the size of the address depth.

Width & Depth
Data Width - Set the size of the data width.

Read Mode Read Mode - Set whether the read mode is bypass mode or pipeline mode.
Calculate - Calculate the resource usage in the design and display results below.
Block Ram Usage - Display the number of Block Ram used.

Resources Usage DFF Usage - Display the number of DFF used.
LUT Usage - Display the number of LUT used.
MUX Usage - Display the number of MUX used.

Reset Mode Reset Mode - Set whether the reset mode is synchronous or asynchronous.
Memory Initialization File - Set the memory initialization file (.mi) path.

Initialization
File Format - Set whether the format of the memory initialization file content is Binary or Hex.

The Help page contains a general description of the IP Core, and a
brief introduction to the "Options".
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IP Generation Files

As shown in Figure 3-31, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive ROM instantiation "gw_rom.v";
® The instantiation template file for the IP design file "gw_rom_tmp.v";
® The configuration files of Gowin Primitive ROM instantiation

"gw_rom.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with a .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

Figure 3-31 ROM - IP Customization

1P Customization 2|
c Il
Block RAM: ROM = 7]
File
Target Device: SHIN-LVALO14408/I5 Langusge:  |Verileg v
Create In I huser-] balhUsersiroothDesktopitestoase\IF_coreifpga_projectisrelge_rom
Moduls Hame: G EOM File Hame: gv_rom 7] Add to Curvent Broject
Options
Width & Depth Read Mode
— 0]
Address Tlepth: 1024 Eead Mode: [Fypass -
e Data Hidth: 4
Resources Tsags
— o ————
otz Caleulate Elock Bam Usage: 1 TFF lisage: 0
e L Usage: 0 W Usage: 0
N Reset Mode: @ Synehroneus () Asynebronous
Initialization
el -
" Memory Initislization File -
0K | [ Cancel | [ relp

Design File for the Gowin Primitive ROM Instantiation

The design file for the Gowin Primitive ROM instantiation is a complete
Verilog module. ROM instantiation is generated according to the ROM
configuration in "IP Customization" window, as shown in Figure 3-32.

Note!

Dout data width of the generated ROM instantiation is consistent with that of the ROM
configured in "IP Customization" window.
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Figure 3-32 Design File of Gowin Primitive ROM Instantiation

mydule GW _ROM (dout, clk, oce, ce, reset, wre, ad):;

putput [3:0] dout:
input clk;

input oce;

input ce;

input reset;

input wre;

input [9:0] ad:

wire gw_gnd;
a3sign gw_gnd = 1'k0;

ROM bram rom 0 |

DO {dout[3:0]),

LCLE({clk),

.OCE (oce) ,

.CE{ce),

.RESET ({reset),

.WEE (wre) ,

.BLE3EL({ {gw_gnd,gw_gnd, gw_gnd}),

AD({{gw_gnd, gw_gnd,ad[3:0],gw_gnd,gw_gnd})
) F
defparam bram rom 0.READ MODE = 1'b0;
defparam bram rom 0.BIT_WIDTH -
defparam bram rom 0.BLE SEL = 3'k000;
defparam bram rom 0.RESET MODE = “5YHNC™;

Aw
=r

endmodule //GW_ROM

Instantiation template file for the IP design file

For efficiency purposes, the IP Core Generator generates the template
file while generating ROM design file instantiation, as shown in Figure 3-33.

Figure 3-33 Instantiation template file for the IP design file

GW_ROM your instance name |

.dout (dout_o), SSoutput [3:0] dout
.Cclk{clk i), //imput clk
.oce(oce_1i), //input oce
.ce{ce_i}, //input ce

.reset (reset_i), //input reset
Wre(wree_i), //input wre

.ad{ad i} //input [9:0] ad

ROM Generation Example

Generate a specific ROM IP as follows:

- Width and Depth: 1024 x 16;

- Bypass read mode;

- Synchronous.

Take the GW1N-4-LQFP144 device for instance; the configuration
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page is as shown in Figure 3-34. Select a memory initialization file (.mi) for
the module as required, and then click "OK" to generate the customized
ROM IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the

Figure 3-34 ROM -IP Customization Example
IP Customization l 2 i?-]
. i
Block RAM: ROM 5 7]
File
Target Device: GHIF-LVALOL44CE/IS Langusge:  |Verileg v
Create In: D: fuser-bakhUsershroot \Desktophtest case\IP_corehfpga_projectiarchen_rom -
Module Hame: G ROM File Hame' ev_rom 7] Add to Current Project
Options
Width & Depth Read Mode
— 0]
Address Depth: 1024 Eead Mode: |Eypass -
—f o Data Hidth: 16
Resour ces Tsags
— e -
Caleulat IEF Usage: 0
N culate Block Ram Usage: 1 sage
— LT Vsage: 0 M Usage: 0
o resat Reset Mode: @ Synchronsms () Asynchronous
Initislization
- wre —
Memory Initialization File! al/Uzers/root/Desktop/testoase/IP core/fpga project/sroftest.omi |. ..
0K ]| Frmers] H Help

3.2 DSP

Currently, DSP module supports five Gowin devices generation: PADD,
MAC, MULTADD, and MULTADDSUM.

3.2.1 ALU54
ALU54 can be used to implement 54-bit arithmetic and logical
operations. Click "ALU54” on the IP Core Generator page. A brief
introduction to the ALU54 will be displayed on the right of the screen, as
shown in Figure 3-35.
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Figure 3-35 ALU54 Summary

. IP Core Generator EI@
Targst Devics: | GHZA-LVIBLA144CT/T6 [ =)

Name
rl Hard Module ALU 54
> Block Memory
> CLOCK
4 De Information
o ALUS4
& MULT Type: ALUS4
& MULTADDALU
2 MULTALU Vendor: GOWIN Semiconductor
i PADD Summary: Each gwDSP macro supports one flexible 54-bit ALU which provides
> 13C robust extension to MULT part. The ALUS4 can be used independently,
> SPMI and it can implement the following operation modes:
> User Flash
> Soft IP Core * A+B
« A-B
* Accum+ A+ B
s Accum + A-B
s Accum- A+ B
e Accum - A-B
+ B + CASI
+ Accum + B + CASI
* Accum - B + CASI
« A+ B+ CASI
« A-DB+ CASI
C T — 3 Copyright{C)2014-2018 GOWIN Semiconductor Corporation. All Rights Resarved.

On the IP Core Generator page, double-click "ALUS4” to open the "IP
Customization" window, as shown in Figure 3-36. This displays file
configuration, options configuration, the port configuration diagram, and the
“Help” button.

Figure 3-36 ALU54 - IP Customization
[& 1P Customization A=)
e

File
FilefRE1E
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop  testcase\IF_core\fpga projectisrelee_alusd [ ... |
Module Heme:  GH_ALVSA File Hame! ge_dlusd Add to Cwrent Broject
Options
ALU Mode Option Data Options
— clk
e
Fiak Data Type

—f e douf53:0] P

tpwt b 503 a0
- T

Regizter Options :
— o[52.0] cas o[54:0] =i _ ~ Opt JJn:-EEE*E
Eeset Mode: @ Synchronous () Asynehronous

- 520 Ensble Input A Register Enable Input B Regizter

Enable ACCLOAD Register (] Enable Output Register

I OER EAE

Helpfifll

—
[ ok [ camead || melp |
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1. File Configuration
The file configuration mainly includes the basic information related to
the ALU54 instantiation file, as shown in Figure 3-36.
The ALU54 file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

Note!

If GW1N-1, which does not support DSP, is selected, “Options” configuration will be
greyed-out and un-available, as shown in Figure 3-37.

Figure 3-37 DSP Displaying in Grey

Target Dewice:

GH1H-LY1LA144C5,T4

n=

Mame

F

2. Options Configuration

Hard Module
Block Memory
CLOCK
Dsp

MULTADDALU

[3C

SPMI

User Flash
Soft IP Core

Options configuration mainly includes configuration information related
to the ALU54 instantiation file, as shown in Figure 3-36.
® ALU Mode Option: Allows users to select the operation modes The
ALU can be configured to work in the following operation modes:

A+ B;

A-B;

Accum + A + B;
Accum + A-B;
Accum - A+ B;
Accum - A-B;
B + CASI;

Accum + B + CASI;
Accum - B + CASI;

A+ B + CASI;
A-B + CASI;

® Data Options: Allows users to set data options.
Configure ALU54 input data width. The data width of input port A/B can

be configured as 1-54 bit;

SUG284-1.5E
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3.

Output width adjusts automatically according to the input width;
Data Type: Can be set as signed or unsigned.

Register Options: Allows users to set registers working mode.

- Reset Mode: Sets whether the reset mode is synchronous or
asynchronous;

- Enable Input A Register: Allows users to enable or disable Input A
register;

- Enable Input B Register: Allows users to enable or disable Input B
register,

Enable ACCLOAD Register: Allows users to enable or disable
ACCLOAD register;

Enable Output Register: Allows you to enable or disable Output
register.

Ports Configuration Diagram

The ports configuration diagram displays the current IP core

configuration result. The Input/Output bit-width updates in real time based
on the "Options" configuration, as shown in Figure 3-36.

4. Help
Click "Help" to open the IP Core configuration information, as shown in
Figure 3-38.

Figure 3-38 Help

ALU54

Information

Type ALUS4

Vendor: GOWIN Semiconductor
Each gwDSP macro supparts one flexible 54-bit ALU which provides robust extension to MULT part. The ALUS4 can be used
independently, and it can implement the following operation modes:

* A+B

= A-B

* Accum+A+B

» Accum+A-B

s Accum-A+B

s Accum-A-B

* B+ CASI

» Accum + B + CASI
= ACCum- B+ CASI
= A+B+CASI

* A-B+CASI

Summary:

Options

ALUS4 Mode Option ALUS54 Mode - Setone of the ALUS4 operation mades.
Input A Width - Setthe size of the first item in the ALUS4,

Data Options Input B Width - Set the size of the second item in the ALUS4.

Data Type - Set the data format of the inputs as signed or unsigned,

Reset Mode - Set whether the reset mode is synchronous or asynchronous.

Register Options Enable ... Register - Enable or disable registers. For example, if you choose Enable Input A Register, the input data will go through one

register.

IP Generation Files

As shown in Figure 3-39, after customizing the IP, click “OK” to

generate three files that are named according to the "File Name" specified
in the file configuration:

Design file for the Gowin Primitive ALU54 instantiation "gw_alu54.v";
The instantiation template file for the IP design file "gw_alu54 _tmp.v";
The configuration file for the Gowin Primitive ALU54 instantiation
"gw_alu54.ipc".

If VHDL is selected as the hardware description language, the first two
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files will be named with an .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

Figure 3-39 IP Customization
&, TP Customization ER)

ALU54 %
|5 T
File
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop  testcase\IF_core\fpga projectisrelee_alusd [ ... |
Module Heme:  GH_ALVSA File Hame! ge_dlusd Add to Cwrent Broject
Options |
ALU Mode Option Data Options
—»
s
Tidth Data Type
—l e douf{52:0] P>

Irput i 54 2] u-s4)
— st Input B: 5¢ 2] 1-54)

Register Options

== a[53:0] cas of54:0] =9 _ -
Eeset Mode: @ Synchronous () Asynchronous
v i F i
[ Ensble Input A Regizter Ensble Input B Regizter
Ensble ACCLOAD Register (] Enable Output Register

0k || Concel || help

The Design file for the Gowin Primitive ALU54 Instantiation

The design file for the Gowin Primitive ALU54 instantiation is a
complete Verilog module. ALU54 instantiation is generated according to
the OSC configuration specified in the "IP Customization" window, as
shown in Figure 3-40.
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Figure 3-40 The Design file for the Gowin Primitive ALU54 Instantiation

module GW_ALUS4 (dout, caso, a, b, ce, clk, reset);

cutput [53:0] dout:
cutput [54:0] caso;
input [53:0] a:
input [53:0] b:
input ce;

input clk;

input reset;

Wire gw_vcoc;

wire gw_gnd;
assign gw_wece = 1'kl;
assign gw_gnd = 1'k0;

RLUS4D aluSdd_imst |
.DOUT (dout),
.CASO {casa),
.Lia),

.B(b),
LASIGN (gw_vcc),
.BSIGH (gw_wvcc),

«CA3T({gw_gnd,gw_gnd,gw_gnd, gw_gnd, gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd,

-BCCLORD (gw_gnd) ,
.CE{ce),
.CLE{clk)

.RESET (reset)

y .
ir

defparam aluS4d inst.RREG = 1'bl;
defparam aluS4d inst.BREG = 1'bl;
defparam aluS4d inst.A5SIGN REG = 1'b0;
defparam aluS4d inst.B5IGN_REG = 1'b0;
defparam aluS4d inst.ACCLOAD REG = 1'b0;
defparam aluS4d inst.0UT_REG = 1'bl;
defparam aluS4d inst.B_ADD 3UB = 1'b0;
defparam alud4d inst.C ADD S5UB = 1'b0O;
defparam alud4d inst.ALUD MOLE = 0;
defparam aluS4d inst.ALU RESET MODE = "SYNC™:

endmodule //GW_ALUS4

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating the ALU54 design file instantiation, as shown in Figure

3-41.

Figure 3-41 Instantiation Template File for the IP Design File

GW_ALU54 your instance name |
.dout (dout o), SSoutput [53:0] dout
.caso{caso_o), //foutput [54:0] caso
.af{a_i), /finput [53:0] a
bk i), Sfinput [53:0] b
.ce{ce_1i}, //input ce
.clk{clk_i), //imput clk
.reget (reset_i) S/input reaet

ALU54 Generation Example

Generate a specific ALU54 IP with register as follows:

- Add operation: Addition of two 54-bit;
- Synchronous.
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Take the GW2A-55-PBGA1156 device for instance, the configuration
page is as shown in Figure 3-42. Click "OK" to generate the customized

ALU54 IP design files.

The generated ALU54 IP files are stored in the directory specified in
the "Create in" text box. If “Add to Current Project” is checked, the
generated IP design files will be automatically added to the project.

Figure 3-42 ALU54 - IP Customization

.
. IP Customization D |
ALU54 %

|5 T
File
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop  testcase\IF_core\fpga projectisrelee_alusd [ ... |
Module Hame:  GH_ALUS4 Tile Name: gw_slusd Add to Current Broject
Options |
ALU Mode Option Data Options
ol S
AL Mode: (A4 B -
idth Data Typ
— e doul53:0] P
Input A 5¢ [2 Signed =
e resat Input E: 54 5 Sigmed v
Register Options
— o0 cas o[54:0] =i
Eeset Made: @ Synchronous 7 hsymeheonons
v i F i
JE [ Ensble Input A Regizter Ensble Input B Regizter
Enahle ATCIOAN Register [¥] Emshle Dutput Register
0k || Concel || help

3.2.2 MULT

SUG284-1.5E

MULT can be configured as a multiplier. Click "MULT" on the IP Core
Generator page. A brief introduction to the MULT will be displayed on the
right of the screen, as shown in Figure 3-43.
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Figure 3-43 MULT Summary

' IP Core Generator

Target Dewice: | GHZA-LVIEFGISECT/TR I =)

Name

4 Hard Module

b Block Memory

MULT

b User Flash
> Soft IP Care

3 CLOCK
4 & Dsp Information

& ALUS4

.

'Jf“ MUY, Type: MULT

s MULTADDALU _

S MULTALY Vendor: GOWIN Semiconductor

o4 PADD Summary: Based on the needs of multiplication width, the multipliers can be
3 13C configured as 9x9, 18x18, 36x18 or 36x36 mode. Each gwDSP macro
P SPMI can be configured as one of the three operation modes: one 36x18

Copyright{C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reservad.

multiplier, two 18x18 multipliers or four 9x9 multipliers.

Double-click "MULT" to open the “IP Customization” window, as shown
in Figure 3-44. This displays the File configuration, Options configuration,
port configuration diagram, and the “Help” button.

Figure 3-44 MULT - IP Customization

r M
@ IP Customization m
File
FilefREAE
Targst Device! GHZA-LVSSEGLISBCE/IT Language
Create In: D: buzer-bak\Usershreot\Desktop  testease\IF_core\fpga projectisrelgenalt [ ... |
Module Hame:  GH_MULT File Hame: gw_nult Add to Cwrrent Project
Options
Data Options
= clk
Width Source Data Type
Tnput A 18 2 0-38) Farallsl =
— e
Input B 18 % -3 Parallel =
Dutput B
—{ res et douf35:0] = OptionsHlEAE
Shift Dutput Options
— o[17:0] [C] Enable Shift Output A [ | Enable Shift Dutput B
Register Oplions
= o[17:0]
Reset Mode: @ Symchronsus () Asynchronous
Ensble Input A Regizter Enable Input B Register
W OEEE [C] Enable Pipeline Register [ | Enable Shift Output A Register
Ensble Output Register
Helpi#dll
[ ok ][ cemcer || reip —]|
L

1. File Configuration

The file configuration mainly includes the basic information related to
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the MULT Instantiation file, as shown in Figure 3-44.

MULT file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration
Options configuration mainly includes configuration information related

to the MULT instantiation file, as shown in Figure 3-44.

e Data Options: Allows users to set data options.

- The maximum data width of Input A Width/ Input B Width is 36;

- Output width adjusts automatically according to input width and
generates MULT9X9, MULT18X18, or MULT36X36 according to
the width during the instantiation.

- Input A/B can be set as Parallel, Shift, or Dynamic.

The data type can be set as Unsigned or Signed.

° Shlft Output Options: Allows users to select whether to enable shift out.
This option can be set when both Input A Width and Input B Width are
less than or equal to 18.

Note!

If Either Input A Width or Input B Width is greater than 18, the Shift Output Options

will be greyed out and cannot be configured.

® Register Options: The function and operation of the register options are
the same as that of ALU54. Please refer to the Options Configuration
section in 3.2.1ALU54 for further details.

3. Ports Configuration Diagram
The ports configuration diagram displays the current IP Core

configuration result. The Input/Output bit-width updates in real time based

on the "Options" configuration, as shown in Figure 3-44.

4. Help
Click "Help" to open the IP Core configuration information, as shown in

Figure 3-45. The Help page contains a general description of the IP Core,

and a brief introduction to the "Options".
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Figure 3-45 Help

MULT

Information

Type: MULT
Vendor: GOWIN Serniconductor

Based on the needs of multiplication width, the multipliers can be configured as 9x9, 18x18, 36x18 or 36x36 mode. Each
Summary: gwDSP macro can be configured as ane of the three operation modes: one 36x18 multiplier, two 18x18 multipliers or four
9x2 multipliers.

Options

Input A Width - Set the size of the first itam in the multiplicatian.
Input B Width - Set the size of the second item in the multiplication.
Data Options Output Width - Size of the output. The output size is the sum of the input A and input B bit sizes.
Source - Set the source of the input A/B as Parallel or Shift.
Data Type - Set the data format of the inputs as signed or unsigned.
Enable Shift Output A - Enzble or disable the shift out port A of the multiplication.
Shift Qutput Options Enable Shift Output B - Enzable or disable the shift out port B of the multiplication.
Note: If either of the A and B inputs is greater than 18 bits, the input and cutput shift cptions are not available.

Reset Mode - Set whether the reset made is synchronous or asynchronous.

Register Options Enable ... Register - Enable or disable registers. For example, if you choose Enable Input A Register, the input data will

go through one register.

IP Generation Files

As shown in Figure 3-46, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive MULT instantiation "gw_mult.v";
® The instantiation template file for the IP design file "gw_mult_tmp.v";
® The configuration file for the Gowin Primitive MULT instantiation

"gw_mult.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with an .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

The “IP Customization” window is as shown in Figure 3-46.
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Figure 3-46 IP Customization

"% IP Customization

Rl
MULT (5 7]
File
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop\ testcase\IF_core\fpga projectisrelpenlt [ ... |
Module Hame:  GH_WULT File Nane: ge_mult Add to Carrent Project

Options
Data Dptions
—{
Width Seurcs Data Trpe
Trput A 18 2 (1-38) Farallel =
— e
Tnput B 16 2 (-3 Parsllel v
Dutput )
—res et HoUA5:0]
Shif4 Output Options
— o[17.0] [C] Enable Shift Output A [ | Enable Shift Output B
Register Options
— 5[17:0]
Reset Mode: @ Synehroneus () Asynebronous

Ensble Input A Regizter Enable Input B Begizter
[7] Enable Pipeline Register Enable Shift Output A Register
Enable Dutput Register

& &

0K || Concel || Help

Design File for the Gowin Primitive MULT Instantiation

The design file for the Gowin Primitive MULT instantiation is a
complete Verilog module. MULT instantiation is generated according to the
MULT configuration specified in the “IP Customization” window, as shown
in Figure 3-47.

Figure 3-47 Design File of Gowin Primitive MULT Instantiation

module GW_MULT (dout, a, b, ce, clk, reset);

output [ 1 dout:
input a:
input b
input ce

input clk:
input reset;

wire [
wire

1 soa_w:
] sob_w;
wire gw_wveer
wire gw_gnd:

asgign gw_vee = 1'bBl;
assign gw_gnd 1

[MULT18X18 multlexlE_inst |
{dout),

-ASIGN (gw_vcc),
.BSIGH (gw_vecc) ,
-5I2({gw_gnd,gw_gnd,gw_gnd,gw_gnd, gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd,gw_gnd, gw_gnd, gw_gnd}},

.ASEL {gw_gnd],
.BSEL {gw_gnd)

defparam multl8x18_inst.AREG
defparam multl8x18_inst.BREG
defparam multlSx18_inst.C0UT_RE

defparam multl&x18_inst.PIPE REG
defparam multl8x18_inst.ASIGN_RE

defparam multlEx12_inst.BSIGH_RE
defparam multl&x18_inst.S50R REG = 1
defparam multl8x18_inst.MULT_RESET ]

endmodule [/ | MULT
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Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating the PADD design file instantiation, as shown in Figure
3-48.

Figure 3-48 Instantiation Template File for the IP Design File

GW_MULT wyour instance name |

.dout {(dout_o), fSoutput [35:0] dout
.af{a_i), S/input [17:0] &

.b(b i), //finput [17:0] b
.ce({ce_1i), //input ce

.clk({clk i), //input clk
.reset(reset_i) //input reset

MULT Generation Example

Generate a specific MULT IP as follows:
® 9-bit signed multiplier;
® Bypass mode.

Take the GW2A-55-PBGA1156 device for instance; the configuration
page is as shown in Figure 3-49. Click "OK" to generate the customized
MULT IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.

Figure 3-49 MULT - IP Customization

.
1P Custamization (L2 [
MULT &
55 7]
File
Target Device: GH2A-L¥SSPGL156C6/TT ememoees
Create In D: \user-bakilser s\root\Desktop' testease\TF_core\fpga_projectisreionmilt [ |
Wodule Fame:  GH_WULT File Fame: gr_mult Add to Current Project
Options

Data Options

Fidin Sewrce Tata Trpe

Tnput & a [z 0-a8) Farallel =
— 2i3:0]

Input B: 3 =] Parallel v

Output 18

AOUE17:0] el
Shift Qutput Optisns

— 1[5.0] [7] Enable Shift Output A [ ] Enable Shift Output B

Begister Options

Resst Mode: @ Synchromens *) Asymchroneus

[] Ensble Input A Regizter | |Ensble Input B Regizter
[7] Ensble Fipeline Register | | Fnsble Shift Output A Register
[] Enable Output Register

® &

0k | [ cemcel || Help
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3.2.3 MULTADDALU
Each DSP macro can implement the sum of two 18x18 multipliers.

Click "MULTADDALU" in the IP Core Generator page. A brief introduction

to the MULTADDALU will be displayed on the right of the screen, as shown

SUG284-1.5E

in Figure 3-50.

Figure 3-50 MULTADDALU Summary

. IP Core Generator

Target Device

Name
4 Hard Module
Block Memory
CLOCK
- Dsp
o ALUS4
W MULT
4 MULTADDALU
W MULTALU
& PADD
I3C
SPMI
User Flash
Soft IP Core

| eHza-LvisrcEsECT/IE =)

E=mEon )|

MULTADDALU

Information

Type:
Vendor:
summary:

MULTADDALU

GOWIN Semiconductor

Each gwDSP macro can implement the sum of two 18x18 multipliers.
The alu two-18x18 mode can be composed of two 18x18 multipliers
and one ALU. The MULTADDALU can be configured to work in the
following operation modes:

* AD*BO + AL*B1

» AD*BO - AL1*B1

* AO*BO + AL*B1 + C

s AD*BO + AL*B1-C

» AD*BO - A1*B1 4+ C

* AOD*BO - A1*Bl1 - C

* Accum + AO*BO + A1*B1
* Accum + AO*BO - A1*B1
* AD*BO + AL*B1 + CASI
» AD*BO - A1*B1 4+ CASI

Copyright(C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.

Double-click "MULTADDALU" to open the “IP Customization” window.
This displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-51.
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® The configuration of MULTADDALU Data Options and Register
Options is similar to that of MULT. For the detailed configuration

SUG284-1.5E

Figure 3-51 MULT - IP Customization

. IP Customization o
i,
MULTADDALU o
File
File]
Target Device: GRZA-LVSSPG11SBC8/IT R EAE gD
Create Ini J:\mser-bad\Usersiroot\lesktophtestease\IP _cors\fpga_projectiorctgu_miltaddalu [ ... |
Module Hame:  GH_MULTADDALU File Nane: gv_multaddalu Add to Current Project
Options
WULTATDALY Wode Option Shift Output Options
- WILTADDALY Mode: [AD % BO + AL * Bl - [7] Enable Shift Dutput &
[] Enable Shift Output B
i~ =
Data Options
dout[28:0] [e=ipe|
I —— el #idth Seurce Dats Trps
Tnput AD: 18 2 (-18) Farallel ~
| =0To Input BO: 18 2] (-18) Farallel v OptionsEr EHE
I p— Tnput Al: 18 2] 0-180 Parallel v
cas o[54:0] [
Tnput Bl: 18 2 (1-18) Farallel +
s 21[17:0)
Input C: 54 (1-s4)
—_
LT Register Options
Reset Mode: @ Synchronous () Asynchronous
Ty Enable Input AD Register Ensble Input Al Register
B EAE
Ensble Input B0 Register Ensble Input Bl Regizter
Enable Input © Register Ensble ACCLDAD st Stage Register
[7] Enable WultiplierD Pipeline Register | | Enable ACCLUAD Znd Stage Register
[] Enable Wultiplier! Pipeline Register | | Ensble Shift Dutpul Register
Enable Dutpnt Register
& Help#4
fiTe ] [ Cancel ]|[ Help ]|

1. File Configuration

The file configuration mainly includes the basic information related to
the MULTADDALU instantiation file, as shown in Figure 3-51.
The MULTADDALU file configuration is similar to that of SP. For the

detailed configuration instructions, please refer to 3.1Block Memory >

3.1.1SP> File Configuration.
2. Options Configuration

Options configuration mainly includes configuration information related
to the MULTADDALU instantiation file, as shown in Figure 3-51.

e MULTADDALU Mode Option: Allows users to select the operation

modes. The MULTADDALU can be configured to work in the following

operation modes:

- A0*BO + A1*B1

- A0*BO-Al1*Bl

- A0*BO+A1*B1+C

- AO*BO +A1*Bl1-C

- AO0*BO-Al1*Bl1+C

- AO0O*BO-Al1*B1-C

- Accum + A0*BO + A1*B1

- Accum + AO0*BO - A1*B1

- A0*BO + A1*B1 + CASI
AO0*BO - A1*B1 + CASI;

instructions, please refer to 3.2.2MULT.
3. Ports Configuration Diagram

The ports configuration diagram displays the current IP Core
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configuration result. The Input/Output bit-width updates in real time based
on "Data Options" and "Register Options" configuration, as shown in Figure
3-51.
4. Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-52.

Figure 3-52 Help

MULTADDALU

Information

Type: MULTADDALU
Vendor: GOWIN Semicanductor

Each gwDSP macro can implement the sum of two 18x18 multipliers. The alu two-18x18 mode can be composed of two
18x18 multipliers and one ALU. The MULTADDALU can be configured to work in the following operation modes:

* AQ¥BO + AL*B1
« AQ¥BO - A1¥B1
+ ADTBD + AL™Bl1 + C
* AO¥BO + AL¥B1-C

Summary: + AOBO - A1*B1 + C
+« AOD™BO - A1¥B1-C
+ Accum + AQ¥BO + A1¥B1
« Accum + ADTBO - AI™B1
+ A0¥BO + A1¥B1 + CASI
+ AOD™BO - A1¥B1 + CASI
Options
T
MULTADDALU Mode Option MULTADDALU Mode - Set one of the MULTADDALU operztion modes.

Enable Shift Output A - Enzble or disable the shift out port A of the DSP.
Shift Output Options
Enable Shift Output B - Enable or dizable the shift out port B of the DSP.

Input AD Width - Set the size of the first item in the first multiplication.
Input BO Width - Sat the size of the second item in the first multiplication.
Input Al Width - Sat the size of the first item in the second multiplication.

Data Options Input B1 width - Set the size of the second item in the second multiplication.
Input C width - Set the size of input C.
Source - Set the source of the input AD/BO/AL/B1 a5 Parallel or Shift.
Data Type - Set the datz format of the input A0/BO/AL/B1 a5 signed or unsigned.

Reset Mode - Set whether the reset mode is synchronous or asynchronous.

Register Options Enable ... Register - Enable or disable registers, For example, if you choose Enable Input AD Register, the input data will

go through one register.

The Help page contains the IP Core general description, and a brief
introduction to the "Data Options" and "Register Options".

IP Generation Files

As shown in Figure 3-53, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive MULTADDALU instantiation

"gw_multaddalu.v";
® The Instantiation template file for the IP design file "gw_ multaddalu

_tmp.v";
® The Configuration files for the Gowin Primitive MULTADDALU

instantiation "gw_multaddalu.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with an .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.
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Figure 3-53 IP Customization

+ IP Customization

? [ |

MULTADDALU

ck

=

Sout280] =

eset
a0[17:0]
BO[17:0]
casci540] [

al[17.0)

S N S R

BI1T:0)

® &

File

Target Device: GFZA-LYSSFG115BCE,IT

—

Create Ini )i \mser-bal\Usersiroot\lesktophtestease\IP _cors\fpga_projectiorctgu_multaddalu [ ... |

Module Hame GH_MULTADDALL

Uptions

File Hame

ew_multaddalu Add to Current Project

R,
55 7

MULTATDALY Mode Option

MULTADDALY Mode: | A0 % BO + Al * Bi -

Data fptions

Fidth

Tnput AD: 18 2| -18)
Input BO: 13 2] (-18)
Input Al: 18 = a-18)
Tnput Bl: 18 & (1-18)
Input C: 54 (1-54)

Register Options

Seurce

Farallel v
Farallel v
Parallel v

Farallel v

Eeset Mode: @ Synchronous () Asynchronous

Enable Input AD Register
Ensble Input B0 Register

Enable Input G Register

[] Enable MultiplierD Pipeline Register
[] Enable Multiplierl Pipeline Kegister

Enable Dutpnt Register

Shift Output Options
[] Enable Shift Dutput A
[] Enable Shift Output B

Signed
Signed
Signed v

Signed

=
o 0w
H
& B |
El
4 4[4

Enable Input Al Register
Ensble Input Bl Regizter
Ensble ACCLOAD 1st Stege Register

Ensble ACCLOAD Znd Stage Register
Insble Shift Output Regizter

0k [ Cameal ||

Kalp

Design File for the Gowin Primitive MULTADDALU Instantiation
The design file for the Gowin Primitive MULTADDALU instantiation is a

complete Verilog module. MULTADDALU instantiation is generated

according to the MULTADDALU configuration specified in the “IP
Customization” window, as shown in Figure 3-54.
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Figure 3-54 Design File for the Gowin Primitive MULTADDSUM Instantiation

module GW_MULTADDALU (dout, easo, a0, b0, al, bl, ece, clk, reset);

input [17:01 bO;
input [17:0] al;
input [17:01 bl;
input ce;

input clk;
input reset;

wire [16:0] dout_w:
wize
wize
wire

wire

assign gw_vee = 1'bl;
assign gw_gnd = 1'b0;

MULTADDALU18X18 mulvaddalulSxl8_inst
DOUT { {dout_w([1§:0] ,dout[36:01}),
CRSO (casa),
SOR (soa_w,
SOB (sob_w),

C(lgw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gv_gnd, gw_gnd, gw_gnd, gw_gad, gw_gnd, gw_gnd, gw_gad, gw_gnd, gw_gnd, gv_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_

20(a07,
201b0),
Alial),
21ibl),

RASIGN ({gw_vee, qw_vecl),
BSICN( [gw_vee,gw_veel),

CASI({gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd, gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd,

ACCLOAD(gw_gnd) ,

SI{{gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd}) ,
STB({gw_gnd, gw_gnd,gw_gnd, gw_gnd gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gv_gnd, gw_gnd, gw_gnd}]

CElcel,

reset),
{gw_gnd, gw_gnd}!,

BSEL({gw_gnd, gw_gnd}!
1i

defparam multaddalul8xlf_inst 2
defparam multaddalul8xl8_inst

defparam multaddelulSxli inst
defparam multaddalul8x18_inst . CR
fparam multaddelul8xlf_inst

ram multaddalul8xl8_inst
ram multaddalul8xl8_inst
ram multaddalul8xl8_inst.A
ram multaddalul8xl8_inst.A
ram multaddalul8x1l8_ins
defparam multaddalulBxl8_inst A
fparam multaddalulB8xl8_inst

ram multaddalulsxls_inst
ram multaddalul8xl8_inst
ram multaddalulsxls_inst
ram multaddalul8xl8_inst
ram multaddalul8xl8_inst MULTADDALU1S%18_ MODE
defparam multaddalulB8x18_inst .MULT_RESET MODE = "SINC";

endmodule //GW_MULTADDALU

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating MULTADDALU design file instantiation, as shown in

Figure 3-55.
Figure 3-55 Instantiation Template File for the IP Design File

GW_MUOLTADDALT your instance name |
.dout {dout_o), /Soutput [36:0] dout
.caso{caso_o), Sfoutput [54:0] caso
.a0{a0_1i}), //input [17:0] al
L20{b0_1), //input [17:0] kO
.al{al_i), //input [17:0] al
b21l(bl_i), //input [17:0] bl
.ce({ce_1i), //input ce
.clk({clk i), //input clk
.reget(reset_i) //input reset

MULTADDALU Generation Example

Generate a specific MULTADDALU IP as follows:
- Two sums of 18-bit signed multipliers;
- Synchronous reset;

SUG284-1.5E
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- Bypass mode.

Take the GW2A-55-PBGA1156 device for instance, the configuration
page is as shown in Figure 3-56. Click "OK" to generate the customized
MULTADDALU IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.

Figure 3-56 MULTADDALU - IP Customization

IP Customization (L6 [
T
MULTADDALU o
File
Targst Device: GRZA-LVSSPG11SECS/IT Languags Verileg ¥
Create In: 1 hmzer-bakiUzersirootiDesktopitestoaze\IF_corelfoza_projectisrcigw_multaddalu .
Module Name:  GF_MULTADDALU File Name! gr_multaddalu Add to Current Project
Uptions
WULTADDALY Mode Option Shift Output Options
WULTADDALY Mode: [AD # BO + Al # Bl - [T Ensbls Shift Dutput 4
0170 ["] Enable Shift OQutput B
Data Options
doul2e0] = Fidth Source Data Typ
= 50[17:0]
Tnput AD: 18 (2] 0-18) Farallel v Signed v
Input BO: 15 2 (-18) Farallel v Signed v
=870 Input Al: 18 5 (1-18) Parallel v Signed v
cas o5 40] [
Tnput Bl: 18 & (1-18) Parallel v Signed ¥
— 70 Input C: 54 (1-54)
Register Options
Reset Mode: @ Synchrenous 7 Asynchronons
[] Eneble Tnput AD Register [7] Enable Input Al Register
[] Enable Input BO Register [] Ensble Input Bl Regizter
Enable Input C Register Enable ACCLOAD 1st Stage Register
[T] Enable WultiplierD Pipeline Register | | Enable ACCLOAD Znd Stage Register
[T] Enable Multiplierl Pipeline Register | | Ensble Shift Output Register
[] Enable Dutput Register
0K ] { Cencel ] [ Help

3.24 MULTALU

SUG284-1.5E

MULTALU can implement the Multiplier ALU mode. Click "MULTALU"
on the IP Core Generator page. A brief introduction to the MULTALU will be
displayed on the right of the screen, as shown in Figure 3-57.
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Figure 3-57 MULTALU Summary

- 1P Core Generator

Target Dewice: | GHZA-LY1EPGISACT/IA [D

Name

4 Hard Module
> Block Memaory

=N e =)

MULTALU

&5 MULTALU

©4 PADD Summary:
> I3C
> SPMI

> User Flash
J Soft IP Core

* & & 8 & 5 & s 8 s s s

> 7 aock
W Dsp Information
&5 ALUS4
g :E;DDMU Type: MULTALU
1..‘.4
Vendor: GOWIN Semiconductor

A*B + C

A*B - C

Accum + A*B + C
Accum + A*B - C
Accum - A*B + C
Accum - A*¥B - C
A*B + CASI

Accum + A*B + CASI
Accum - A*B + CASI
A*B + D + CASI
A*B - D + CASI
Accum + A*B

A*B + CASI

Each gwDSP macro can implement the Multiplier ALU mode. The
MULTALU represents two functional modules, including MULTALU18x18
and MULTALU36x18. It can implement the following operation modes:

Copyright(C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reservad.

Double-click "MULTALU" to open the “IP Customization” window. This
displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-58.

Figure 3-58 MULTALU - IP Customization

r
s IP Customization

(9 [t

File
Filefl BAE
Target Dewice: GH2A-LVESEG]158C8/TT emvean
Eracta Tm D: huser-bakilisarsir oot \Desktoph testeass \IP_cors\fpge_projectisreign_multalu [ .. |
Module Fame:  GH_MULTALY File Hane: gu_maltalu Add te Cwrrent Project
Options
Data Options WULTALU Mode Options
— cic
| e Lapat A 18 |5 a-18) WULTALUSEx18 Mode: |i % B + C -
dout[530] e Input B 18 |2 (1-38)
P Input C S4 2 (1-54) o
OptionsBREHE
Input I 54 (1-54) Signed -
—— ]
o o540 Register Dptions
= 5[170) 5 =
el Reset Mede: © Synchrenous () Asymehromeus
| a0y Enable Tnput A Register Enable Trput B Register
’ [] Bnable Input C Register Enable Input D Register
Ensble ACCLOAD st Stage Register [ | Enable ACCLOAD 2ad Stage Register
[] Ensble Pipeline Register Ensble Cutput Register
m
i (1 B A
Helpdirdl

1. File Configuration
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The File configuration mainly includes the basic information related to
the MULTALU instantiation file, as shown in Figure 3-58.

The MULTALU file configuration is similar to that of SP. For the
detailed configuration, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

Options configuration mainly includes configuration information related
to the MULTALU instantiation file, as shown in Figure 3-58.
® MULTALU Mode Option:

MULTALU can generate two modules according to the input port width:
MULTALU36X18 or MULTALU18X18. When the Input A width and Input B
width is less than or equal to 18, the MULTALU36X18 mode will be
greyed -out, and MULTALU18X18 mode can be configured as:

A*B +C

- AB-C

- Accum+A*B+C

- Accum+A*B-C

- Accum-A*B +C

- Accum-A*B-C

- A*B + CASI

- Accum + A*B + CASI

- Accum - A*B + CASI

- A*B + D + CASI

A*B - D + CASI
° When Input B width is greater than 18, the MULTALU18X18 mode will
be greyed out, and the MULTALU36X18 mode can be configured as:

- AB+C

- AB-C

- Accum + A*B

- A*B + CASI
® The configuration of the MULTALU Data Options and Register Options

is similar to that of MULT. For the detailed configuration instructions,

please refer to 3.2.2MULT.
3. Ports Configuration Diagram

The ports configuration diagram displays the current IP Core
configuration result. Input/Output bit-width updates in real time based on
the "Options" configuration, as shown in Figure 3-58.

4. Help
Click "Help" to open the IP Core configuration information, as shown in
Figure 3-59.
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Figure 3-59 Help

Information

Type: MULTALU

Vendor:

MULTALU

GOWIN Semiconductor

Each gwDSP macro can implement the Multiplier ALU mode. The MULTALU represents two functional modules, including
MULTALU18x18 and MULTALU36x18. It can implement the following operation modeas:

* A"B+C
* A"B-C

* Accum + AB + C
* Accum + A*B - C
* Accum - A"B + C

Ssummary:

* Accum - ATB-C

* A”B + CASI

* Accum + A*B + CASIL
* Accum - ATB + CASI
* A”B + D + CASI

* A”B - D + CASI

* Accum + A*B

* A”B + CASI

Options

Input A Width -
Input B Width -
Data Options Input C Width -

Input D width -

Set the size of the first item in the multiplication.
Set the size of the second item in the multiplication.
Set the size of input C.

Set the size of input D.

Data Type - Set the data format of the input A/B/D as signed or unsigned.

MULTALU18x18 Mode - Set one of the MULTALU18X18 operation modes, the aption is available only when widthB <=
MULTALU Mode Options 18
MULTALU36x18 Mode - Set one of the MULTALU36X18 operation modes, the option is available only when widthB > 18.

Reset Mode - Set whether the reset mode is synchronous or asynchronous.

Register Options Enable ... Register - Enable or disable registars. For example, if you chooss Enable Input A Register, the input data will

go through one register.

IP Generation Files

As shown in Figure 3-60, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive MULTALU instantiation

"gw_multalu.v";
® The instantiation template file for the IP design file "gw_ multalu

_tmp.v";
® The configuration file for the Gowin Primitive MULTALU instantiation

"gw_multalu.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with an .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.
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Figure 3-60 IP Customization

.
& IP Customization >
MULTALU &%

|5 T
File

Target Device: Gi2A-LVSSPG1156C6/IT emmersss

Creste Tn D:vuser-bakilisersiroot\Desktopl testease \TP_core\fpga_projectisrchon multalu [ .. |

Wodule Nane:  GH_MULTALY Fils Hane: gw_multalu Add to Current Project

Optiens

Data Options WULTALU Mode Options
— ke
e P a-1e tgmed Y] I TALUIE1S Mede: |4 % B+ C

GoutER] Input B 18 [2] (-3

s Input € 54 [2] 0-54)

Input D 54 (1-54) Signed
= a[170]

. Register Dptions

— 5[170] _ _

Reset Mode! @ Synchromous () Asynchronous

[¥] Enable Input A Regist [¥] Enable Input B Regist
oo 7] Eneble Tnput A Register [ Eneble Tnput B Register

[ Enable Input C Register Enable Input D Register

Enable ACCLOAD Ist Stage Register || Enable ACCLOAD Znd Stage Register
[ Ensble Fipeline Regizter Ensble Cutput Register
0k || Concel || Help

Design File for the Gowin Primitive MULTALU Instantiation

The design file for the Gowin Primitive MULTALU instantiation is a
complete Verilog module. MULTALU instantiation is generated according to
the MULTALU configuration in the “IP Customization” window, as shown in
Figure 3-61.
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Figure 3-61 Design File for the Gowin Primitive MULTADD Instantiation

module GW_MULTALU (dout, caso, &, b, c, ce, clk, reset);

cutput [53:0] dout;
cutput [54:0] casor
input [17:0] ar
input [17:0] b»
input [53:0] c»r
input ce;

input clk:

input reset;

wWire gw_vcc;

wire gw_gnd;
assign gw_vcc = 1'bl;
asaign gw_gnd = 1'b0;

MULTALU18X18 multalulfxld_inat |
.DOUT (dout) ,
.CRSO {casn),
Bia),
.B(b),
-Cle),
.D{{gw_gnd, gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd,
.A3IGN (gw_wcc),
.BSIGHN (gw_wcc),
.DSIGN (gw_wcc),
+CRSI ({gw_gnd,gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gv_g
.LCCLOAD (gw_gnd)
.CE{ce),
.CLE [clk),
.RESET {reset)
[

defparam multalul8xl& inst.AREG = 1'bl;
defparam multalul8xl8_inst.BREG = 1'bl;
defparam multalul8x18 inst.CREG = 1'k0;
defparam multalul8xlf inst.DREG = 1'k0;
defparam multalul8xl& inst.OUT_REG = 1'bl;
defparam multalulZxl8_inst.PIFE REG = 1'b0;
defparam multalul8xl8 inst.ASIGN REG = 1'k0;
defparam multalul8xl&_inst.BSIGN_EEG = 1'b0;
defparam multalul8xl8_inst.DSIGH_REG = 1'b0;

defparam multalul&xl& inst.ACCLOAD RE
defparam multaluldxl8_inst.B_ADD SUB
defparam multalul&xlg inst.C_ADD SUB =
defparam multalul8xlE inst.MULTALUISX1E MOLDE = O;
defparam multalul8xl& inst.MULT_RESET_MODE = "3YNC";

defparam multalul8xl® inst.ACCLOAD REGO = 1'bO;
G

|
-
o
=]

endmodule //GW_MULTALD

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating MULTALU design file instantiation, as shown in Figure
3-62.

Figure 3-62 Instantiation Template File for the IP Design File

GW_MULTALU your instance name |
.dout {dout_o), //foutput [53:0] dout
.caso{caso_o), /foutput [54:0] caso
.af{a_1i), /finput [17:0] a
(b i), /finput [17:0] b
.c{c_i), ffinput [53:0] c
.ce({ce_1i), //input ce
.clk{clk i), //input clk
.reget(reset_i) //input reaet
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MULTALU Generation Example

Generate a specific MULTALU IP as follows:

- 18-bit signed multipliers add;

- Register mode;

- Synchronous.

Take the GW2A-55-PBGA1156 device for instance; the configuration
page is as shown in Figure 3-63. Click "OK" to generate the customized
MULTADD IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.

Figure 3-63 MULTALU - IP Customization

IP Customization l 2 ﬂh]
MULTALU )
File
Target Device: GH2A-LVSSEG115BCE/IT Language Verilog
Create In D:mzer-bakilUzersirootiDesktophtestoaze \IF_coretfpga projecthizretigy_multalu .
Module Fame:  GH_MULTALS File Hame: gw_multalu V] Add to Cwrent Project
Options
Data Options WULTALY Wode Dptions
— i U E——
Hidth Data Type MULTALU1Ex18 Mods: [& % B + € -
. Lapat A 18 |5 a-18) l—ls'gmd b WULTALUSEx18 Mode: |i % B + C
dout{530] e Input B 13 |2 (1-38) Signed -
et Input © 54 [2 a-54
Input I 54 (1-54) Signed
— 2[170]
s cE40) Hegister Options
— 517
Reset Wode: @ Symchronsus () Asynchroneus
¥ Enable Input h Register ¥ Ensble Input B Register
—+{ 520
Enable Input C Register Enable Input D Register
Ensble ACCLOAD lst Stage Register | | Enable ACCLDAD Znd Stage Register
Ensble Pipsline Kegister V] Ensble Dutput Register
oK ]| ] H Help

PADD can be configured as a pre-adder, pre-subtracter, or shifter.
Click the "PADD" in the IP Core Generator page. A brief introduction to the
PADD will be displayed on the right of the screen, as shown in Figure 3-64.
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Figure 3-64 PADD Summary

r:')'g IP Core Generator

Name
4 Hard Module
> Block Memary
> CLOCK
4 DsP
Jb ALUS4
ik NULT
ik MULTADDALU
o MULTALU
& PADD
> I3C
SPMI
User Flash
3 Soft IP Core

Target Device | GHZA-LYIAEGZSECT/IR I[:]

PADD

Information
Type: PADD
Vendor:

Summary:

GOWIN Semiconductor

Each gwDSP macro features two units of pre-adders at the first stage
located before two multipliers. The pre-adder accepts two inputs. One
is parallel 18-bit input B or Backward shift input, and the other is either
parallel 18-bit input A or Shift input.

Copyright(C)2014-2018 GOWIN Semiconductor Carporation. All Rights Reservad.

Double-click on "PADD" to open the “IP Customization” window. This
displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-65.

Figure 3-65 PADD - IP Customization

r
@4 IP Customization

.2 [tz

File
FilefR EHE
Target Device! GNEA-LVSSEGLISGCE/IT Rememerps
Create In D \user-bakllsersiroat ilesktophtestease\IF_coretfpga projectisreign padd | ... |
Module Hama:  GH_EADD Fils Name: gv_padd Add to Current Broject
Optiens
Data Options Shift Dutput & Add/Sub Oplions
— Clic
Width Source [7] Enable Shift Output
Input A: 18 [+ u-18) Farallel ¥|  [7] Enable Backward Shift Output
e Input B: 18 2 a-1| Parallel - Add/Sub Operation
Output 18 ]
OptionsBlEFE
- res et douf17:0] =]
. Register Options
Resat Mode: @ Synchronous () Asynehrenous
I Ensble Tnpnt & Register Enable Irput B Register
Enable Shift Dutput Register
o
i (1 B A
Helpt#
)

1. File Configuration
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The file configuration mainly includes the basic information related to
the PADD instantiation file, as shown in Figure 3-65.

The PADD file configuration is similar to that of SP. For the detailed
configuration, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

Options configuration mainly includes configuration information related
to the PADD instantiation file, as shown in Figure 3-65.
® Data Options: Allows users to set data options.

- The maximum data width of the input ports (Input A Width/ Input B

Width) is 18;

- The output width automatically adjusts according to the input width,
and the width determines whether PADD9 or PADD18 are
generated during instantiation.

- Input A Source: Users can select Parallel A or Shift;

Input B Source: Users can select Parallel or Backward Shift.
° Shlft Output and Add/Sub Options: Allows users to enable or disable

Shift Output, Backward Shift Output, and add/sub operation.

- Check "Enable Shift Output” to enable shift output;

- Check "Enable Backward Shift Output” to enable backward shift
output;

- Configure "Add/Sub Operation" to select if the Adder is in add,
subtract, or dynamic mode, or PADD performs add/sub operation
per ports signal.

® Register Options: Allows users to set registers working mode.

- Reset Mode: Sets whether the reset mode is synchronous or
asynchronous;

- Enable Input A Register: Allows users to enable or disable Input A
register;

- Enable Input B Register: Allows users to enable or disable Input B
register,

- Enable Output Register: Allows users to enable or disable Output
register.

3. Ports Configuration Diagram

The ports configuration diagram displays current IP Core configuration
result. The Input/Output bit-width updates in real time based on the
"Options" configuration, as shown in Figure 3-65.

4. Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-66. The Help page contains a general description of the IP Core,
and a brief introduction to the "Options".
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Figure 3-66 Help

Information
Type: PADD
Vendor: GOWIN Semiconductor
Each gwDSP macro features two units of pre-adders at the first stage located before two multipliers. The pre-adder
Summary: accepts two inputs. One is parallel 18-bit input B or Backward shift input, and the other is either parallel 18-bit input A or

Shift input.

Options

Input A Width - Set the size of the first item in the Pre-adder.
Input B Width - Set the size of the second item in the Pre-adder.
Data Options Output Width - Size of the output.
Input A Source - Set the source of the input A as Parallel or Shift.
Input B Source - Set the source of the input B as Parallel or Backward Shift.
Enable Shift OQutput - Enable or disable the shift out port of the Pre-adder.
Shift Qutput & Add/Sub Options Enable Backward Shift Output - Enable or disable the backward shift out port of the Pre-adder.
Add/Sub Operation - Set whether the mode is in add or subtract mode.

Reset Mode - Set whether the reset mode is synchronous or asynchronous.

Register Options Enable ... Register - Enzble or disable registers. For example, if you choose Enable Input A Register, the input data will

go through one register.

IP Generation Files

As shown in Figure 3-67, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive PADD instantiation "gw_padd.v";
® The instantiation template file for the IP design file "gw_padd_tmp.v";
® The configuration file for the Gowin Primitive PADD instantiation

"gw_padd.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with a .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.
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Figure 3-67 IP Customization
[l Costommization R

PADD B
hd
File
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersiroot\Desktop  testcase\IF_core\fpga projectisrelen padd [ ... |
Module Hame:  GH_EADD File Nane: gv_padd Add to Carrent Project
Options
Data Options Shift Output & Add/Sub Options
—¥| ok tidth Source [7] Enable Shift Datput

Input A: 15 2 a-18) Farallel ¥|  [7] Enable Backoward Shift Output
e Input B 18 |+ 1-18) Parallal - AddfSub Dperation

Output 18
= res et douf[17:0] plp
- Register Options
Reset Mode: @ Synchronous () Asynchronous
v v
] bi17.01 Ensble Input & Register Enable Input B Begizter

Enable Shift OQutput Register

& &

0K || Concel || Help

Design File for the Gowin Primitive PADD Instantiation

The design file for the Gowin Primitive PADD instantiation is a
complete Verilog module. PADD instantiation is generated according to the
PADD configuration provided in the"IP Customization" window, as shown in
Figure 3-68.
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Figure 3-68 Design File for the Gowin Primitive PADD Instantiation

module GW_PADD (dout, &, b, ce, clk, reset):

output [17:0] dout;
input [17:0] a:

put [17:0] b;
input ce:
input clk;
input reset
wire [17:0] so_w:
wire [17:0] sbo w;

wire gw_gnd;
assign gWw_gnd = 1'b0;

JPRADD1E paddl® inst |
. DOUT (douat) ,
.50 (s0_w),
. 5BO(sbo_w),
Ria),
.Bib),
.5I({gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd, gw_g:
.5BI({gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd, gw_
.CE (ce),
.CLE (clk) ,
.RESET (reset},
LBSEL (gw_gnd)

) :

defparam paddlg& inst.RREG = 1'bl;

defparam paddlg& inst.BREG = 1'bl;

defparam paddlg8 inst.ADD SUB = 1'k0;

defparam paddl8 inst.FADD RESET MODE = "SYNC";
defparam paddlg8 inst.BSEL MODE = 1'k0O;
defparam paddlg8 inst.50REG = 1'b0;

endmodule //GW_PARDD

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating PADD design file instantiation, as shown in Figure
3-69.

Figure 3-69 Instantiation Template File for the IP Design File

FW_FADD your instance name |
.dout (dout_o), fSoutput [17:0] dout
.a{a_i), /Ffinput [17:0] &
(b i), /finput [17:0] b
.ce{ce_i}, //input ce
.clk{clk_i}, //input clk
.reget ({reset_i) //input reset

PADD Generation Example

Generate a specific PADD IP as follows:
- Input Width:18;

- Add operation;

- Synchronous.
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Take theGW2A-55-PBGA1156 device for instance, the configuration
page is as shown in Figure 3-70. Click "OK" to generate the customized
PADD IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the

Figure 3-70 PADD - IP Customization
IP Customization l 2 i?-]
PADD oo
File
Target Device! GHZA-LVESEGLISECE/IT Langusge: Verilog ¥
Create In: D Yuser—bak\UsersirootiDesktopitestcase\IP_core'fpga_project \srcl gv_padd =
Module Hame:  GH_EAID File Hame g padd V] hdd to Current Broject
Options
Data Options Shift Output & Add/Sub Options
& #idth Source Enable Shift Output
Input & 18 |7 -18) Parallel T Fnable Baclward Shift Output
—*e= Ingut B: 15 2 a-18) Farallel v | hdd/Sub Operstion: [Add -
Dutput 18
—P st deuff17:0] =i
J Register Options
Reset Mode: @ Symchromous hsymchronons
7 7
= o170 Ensble Input & Register Enable Input B Register
Ensble Shift Output Register
0K ] | Frmers] \ | Help
3.3 CLOCK

The CLOCK module currently supports three Gowin devices
generation: PLL, DLL, and OSC.

3.3.1 PLL

Based on the "clkin" input, PLL adjusts the clock phase, duty cycle,
and frequency (multiplication and division) to output different phases and
frequencies. Click "PLL" on the IP Core Generator page. A brief
introduction to the PLL will be displayed on the right of the screen, as
shown in Figure 3-71.
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Figure 3-71 PLL Summary

. IP Core Generator

el= =S

Target Dlewice: GH2A-L¥13PG25ECT/IE D

Name

a

Hard Module
Block Memory
CLOCK
W DLL
W OSC
ow PLL
DSp
13C
SPMI
User Flash

Soft IP Core

PLL

Information

Type: PLL

Vendor: GOWIN Semiconductor

summary: GW FPGA provides a Phase Locked Loop (PLL), which is used to
generate multiple clocks with defined phase and frequency relationships
to a given input clock.

Copyright(C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.

1.
2.
3.
Note!
feukn: The frequency of input clock CLKIN;

feLkout: The frequency of output clock CLKOUT;

feLkouto: The frequency of output clock CLKOUTD, and CLKOUTD is the clock
"CLKOUT" after division.

fvco: VCO oscillation frequency.

The formulas for PLL output calculation are as follows:
fCLKOUT = (fCLK|N*FD|V)/|D|V

feukouto = feLkout/SDIV
fvco = feLkout*ODIV

Double-click on the "PLL" to open the “IP Customization” window. This
displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-72.
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Figure 3-72 PLL - IP Customization

.
. IP Customization >
1
PLL 55
File
Fileltl BAE
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop\ testease\IF_core\fpga projectisrelpepll [ ... |
Module Hame:  GH_ELL File Name: gw_pll Add te Cwrrent Project
Options
e al CLEOUT . ¥
e OptionsFLEHE
Mode [] Bypass
@ Gemarsl Meds () Advanced Mode
Enpected Frequency (3,1257500): 400,000 %] Tol
FLL Fhass nd Duty Cycls Adjustment
VOO Divide Factor L
@ Dymamie () Statie £
e e 8) Iymanic
[ PLL Reset [ | PLL Fower Down Initial Value: |2
CLETH Static 2
Clock Frequency (37500): 100.000 |2 hetual Frequency: 0.0
Divide Factor ——
2 Mg [] Enable CLEOUTE Bypass
Initial Value(1°84): |1
. . Phase And Duty Cycle Adjustment (Static)
I i ~
IR OB EHE Static (1°84) 1
Fhaze (degreel: |0.0 Tuty Cycle [K1/16)
[] CLEIN Divider Reset
CLKOUTD
[] Enable CLEOUTD Bypass il
D D Pl — m +
TIC LD, ‘ﬁ
0K || Concel || relp 1

1. File Configuration

The file configuration mainly includes the basic information related to
the PLL instantiation file, as shown in Figure 3-72.

The PLL file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

Options configuration mainly includes configuration information related
to the PLL instantiation file, as shown in Figure 3-72.
® General: Allows users to select "General Mode" or "Advanced Mode",

select "Static Mode" or "Dynamic Mode" for PLL Phase And Duty Cycle

Adjustment, and enable or disable PLL Reset.

Mode: Used to set the IP Core configuration mode as "General
Mode" or "Advanced Mode".

PLL Phase and Duty Cycle Adjustment: Allows users to select
Static Mode or Dynamic Mode.

PLL Reset: Allows users to enable or disable PLL Reset.

PLL Power Down: Allows users to configure the reset_p port to
enable PLL in power down mode.

® CLKIN: Allows you to set input clock frequency, divide factor, and
IDESEL Reset.

Clock Frequency: Specify the frequency in MHz. The frequency
range is determined by the device selected.

Divide Factor: Allows users to set the Divide Factor as "Dynamic"
or "Static" in advanced mode. In static mode, Divide Factor value
can be set as a specific value, which ranges from 1 to 64. If the
configuration is illegal, an error message will be displayed when
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the user clicks on "Calculate" or "OK" as shown in Figure 3-73.

- CLKIN Divider Reset: Allows users to configure the CLKIN Divider
Reset.

CLKFB: Allows users to set the source of the PLL feedback and divide

factor.

- Source: Specify the source of feedback as Internal or External;

- Divide Factor: Allows users to set the Divide Factor as "Dynamic"
or "Static" in advanced mode. In static mode, Divide Factor value
can be set as a specific value, which ranges from 1 to 64. If the
configuration is illegal, an error message will be displayed when
the user clicks on "Calculate" or "OK", as shown in Figure 3-73

Enable LOCK: Allows users to select whether to enable LOCK.

CLKOUT: Allows users to specify the expected frequency tolerance

fields of PLL clkout and VCO parameters..

- Bypass: Allows users to enable/disable clkout bypass;

- Expected Frequency: Set the output clock frequency in general
mode. The frequency range is determined by the device selected.

- Tolerance (%): Set a tolerance for the CLKOUT expected
frequency and actual frequency calculated.

- VCO Divide Factor: Allows users to set Divide Factor as "Dynamic"
or "Static" in advanced mode. In static mode, the Divide Factor
value can be set as a specific value, and the range is
2/4/8/16/32/48/64/80/96/112/128. If the configuration is illegal, an
error message will be displayed when the user clicks on
"Calculate" or "OK", as shown in Figure 3-73.

- Actual Frequency: Clicking the “Calculate” button displays the
actual frequency that the PLL can produce.

CLKOUTP: Allows users to set Duty Cycle Fine Tuning

(Dynamic) ,Phase And Duty Cycle Adjustment (Static) and

enable/disable CLKOUTP.

- Enable CLKOUTP: Used to enable/disable CLKOUTP;

- Bypass: Allows users to enable/disable CLKOUTP bypass;

- Phase And Duty Cycle Adjustment (Static): Set (Phase [degree])
and (Duty Cycle [*1/16]) in static mode.

CLKOUTD: Allows users to specify the source, expected frequency,

and divide factor of the clock divider, and enable/disable CLKOUTD

Reset.

- Enable CLKOUTD: Used to enable/disable CLKOUTD;

- Bypass: Allows users to enable/disable CLKOUTD bypass;

- Source: Select the source of CLKOUTD as "CLKOUT" or
"CLKOUTP";

- Expected Frequency: Set the output clock frequency in General
mode. The frequency range is determined by the device selected.

- Tolerance(%): Set a tolerance for the CLKOUTD expected
frequency and actual frequency calculated.

- Divide Factor (2~128): Select the divide factor from the drop-down
list in advanced mode. Only even numbers between 2 and 128 can
be selected. If an odd number is set, error message will be
displayed when the user clicks on "OK", as shown in Figure 3-74;

- Actual Frequency: Clicking the “Calculate” button displays the
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actual frequency that the PLL can produce.

CLKOUTD3: Allows users to set the source of CLKOUTDS.

- Enable CLKOUTD3: Used to enable/disable CLKOUTDS3;
Selecting this option will produce a clkoutd3 port in the generated
module. It is equal to clkout/3.

- Source: Select the source of CLKOUTD3 as "CLKOUT" or
"CLKOUTP";

CLKOUTD/CLKOUTD3 Divider Reset: can be checked when

CLKOUTD or CLKOUTD3 is enabled; used to configure the

CLKOUTD/ CLKOUTD3 Divider Reset.

Calculate: This tool calculates the Divide Factor settings based on the

input/output frequency in general mode. If the actual frequency

calculated is different to the expected frequency, an "Error" window will
pop up and the illegal value will be marked in red.

- Figure 3-75 is the error message that is displayed when the actual
frequency and expected frequency of CLKOUT are different;

- Figure 3-76 is the error message that is displayed when the actual
frequency and expected frequency of CLKOUTD are different.

- In advanced mode, the tool calculates the output frequencies
based on divide factors.

- If the calculated results are illegal, an "error" message will pop up,
and the illegal value will be marked in red, as shown in Figure 3-77.

- Otherwise, a success message prompt will be displayed as shown
in Figure 3-78.

Figure 3-73 Error - Illegal Configuration of Divide Factor

E.4

l ~ The value of divide factor for CLKIN and CLKFE is illegal

Figure 3-74 Error - Illegal Configuration of CLKOUTD

-

% Error @1

The divide factor of CLKOUTD must be an even number,

i
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Figure 3-75 Error - Unequal Frequency of CLKOUT

[ % Error @1

The Expected Frequency of CLKOUT cannot be generated. Try to change
l % the Expected Frequency or Tolerance(%8)

L

Figure 3-76 Error - Unequal Frequency of CLKOUT

i |
i error @

The Expected Frequency of CLKOUTD cannot be generated. Try to change
l % the Expected Frequency or Tolerance(3)

Figure 3-77 Error - Illegal Configuration of VCO

[ % Error ﬁ1

The divide factor of CLKOUT is illegal, the recommand value is 2.

l'\

Figure 3-78 Info - Succeed
W info @

Succeed

3. Ports Configuration Diagram

The ports configuration diagram displays the current IP Core
configuration result. The number of Input/Output ports updates in real time
based on the options configuration, as shown in Figure 3-72.
4. Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-79. Help page contains the IP Core general description, and brief
introduction of "Options".
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Figure 3-79 Help

PLL

Information

Type:

Vendor:

Summary:

Options

PLL
GOWIN Semiconductor

GW FPGA provides a Phase Locked Loop (PLL), which is used to generate multiple clocks
with defined phase and frequency relationships to a given input clock.

S oo o

General Mode

Advanced Mode

PLL Phase And Duty Cycle
Adjustment

PLL Reset

PLL Power Down

CLKIN

In this mode, entering input clock frequency and
expected frequencies software will automatically
calculate divide factors.

This mode is for advanced users. Allows you to
enter input clock frequency and divide factors to
achieve expected output frequency.

Allows you to select Static Mode or Dynamic Mode.

Provides a reset pin to reset the PLL.

Provides a reset_p port to power down the PLL.
CLKIN is the input reference clock for the PLL.
Clock Frequency - Specify its frequency in MHz.

Divide Factor - If in Advanced mode, also choose a
divide factor which is from Dynamic or Static mode
to achieve the expected output frequency. Static
mode means select a static value from the drop-
down list as divide factor, while Dynamic mode
means that choose the value of port idsel as
dynamic divide factor. When the Dynamic mode is
selected, the user needs to set an initial value.

CLKIN Divider Reset - Provides a reset_i port to
reset the input clock divider.

Source - Specify the source of feedback.

IP Generation Files

As shown in Figure 3-80, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file of the Gowin Primitive PLL instantiation "gw_pll.v";
® The instantiation template file for the IP design file "gw_pll_tmp.v";
® The configuration files for the Gowin Primitive PLL instantiation

"gw_pllipc".

If VHDL is selected as the hardware description language, the first two
files will be named with an .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

SUG284-1.5E
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Figure 3-80 IP Customization

"% IP Customization

& &

Cleck Frequency (37500): 100.000 [=

Diwide Factor
@) Dynamic
Initisl Value (1784): |1

Statie (1784) 1

[] IDSEL Reset

rTRER

hetnal Frequency: 0.0

CLEOUTE

[] Enable CLEOUTE Bypass

Phase And Duty Cycle Adjustment (Static)

Fhase (degree): |0.0

CLEOUTE Reset

CLEOUTD

m

Duty Cyecle Gk1/16]

File
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop\ testease\IF_core\fpga projectisrelpepll [ ... |
Module Hams:  GH_PLL Fils Name: gv_pll Add to Current Project
Optiens
General CLEOUT
Mode [] Bypass
© General Mode () Advanced Mode
Expected Frequency (3125°S00): 400,000 %] Te
FLL Phase And Duty Cycls Adjustment
) - VOO Divide Factor L
@ Dymamie () Statie 3
— cliin ol ot i @ Dynanic
[ PLL Reset Initial ¥alua: 2
CLKIH Static 2

0k | [ Camcal ||

Help

Design File for the Gowin Primitive PLL Instantiation

The design file for the Gowin Primitive PLL instantiation is a complete
Verilog module. PLL instantiation is generated according to the MULT
configuration displayed in the “IP Customization” window, as shown in

Figure 3-81.
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Figure 3-81 Design File for the Gowin Primitive PLL Instantiation

module GW_PLL (clkout, clkin):

output clkout:
input clkin;

wire lock_o:
wire clkoutp o:
wire clkoutd o;
wire clkoutd3 o;
wire gw_gnd;

assign gw_gnd = 1'b0;

PLL pll _inst
LCLECUT (elkout) ,
.LOCE (lock o),
.CLECQUTF (clkoutp o),
.CLECUTD (clkoutd_o),
.CLKOUTD3 (clkoutd3 o),
.RESET (gw_gnd),
.RESET_P (gw_gnd),
.RESET_I (gw_gnd),
.RESET 5 (gw_gnd),
.CLEIN (clkin),
.CLKFB (gw_gnd) ,
.FBDSEL ({gw_gnd, gw_gnd,gw_gnd,gw_gnd,gw_gnd, gw_gnd}),
.IDSEL({gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd,gw_gnd}),
.ODSEL ({gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd, gw_gnd}),
.P5DA({gw_gnd,gw_gnd,gw_gnd,gw_gnd}),
.DUTYDA ({gw_gnd,gw_gnd, gw_gnd,gw_gnd}),
.FDLY ({gw_gnd, gw_gnd,gw_gnd,gw_gnd})

defparam pll inst.FCLEIN = "100";

defparam pll inst.DYN IDIV_SEL = "false";
defparam pll inst.IDIV_SEL = 0;

defparam pll inst.DYNWN FEDIV SEL = "false";

defparam pll_inst.FEDIV_SEL = 3;

defparam pll inst.DYN ODIV_SEL = "false";
defparam pll in=2t.0ODIV SEL = 2;

defparam pll inst.P5DA SEL = "0000";
defparam pll inst.DYN DA EN = "true";
defparam pll inst.DUTYDA SEL = "10007;
defparam pll inst.CLEOUT_FT DIR = 1'bl;
defparam pll inst.CLECUIP FT DIR = 1'bl;
defparam pll instc.CLECUT_DLY STEF = O;
defparam pll insc.CLEQOUTF DLY STEP = O;
defparam pll inst.CLEFE SEL = "internal"”;
defparam pll inst.CLEOUT EYPASS = "false";
defparam pll inst.CLEOQUTP BYPASS = "false";
defparam pll inst.CLECUTD BYPASS = "false";
defparam pll inst.DYN SDIV_SEL = 2;
defparam pll inst.CLECUTD SRC = "CLECUT";
defparam pll instc.CLEQUTDZ_SRC = "CLECUI";
defparam pll inst.DEVICE = "GW2R-55";

endmodule //GW PLL

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating PLL design file instantiation, as shown in Figure 3-82.
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Figure 3-82 Instantiation Template File for the IP Design File

GW_FLL your_ instance name |
.clkout (clkout_o), //output clkout
.clkin{clkin i} //input clkin

PLL Generation Example

Generate a specific PLL IP as follows:

Input clock: 100MHz;

Output clock: 300MHz;

Enable CLKOUTP, and the phase adjustment degree is 45°;

Enable CLKOUTD, and the expected output frequency is 150MHz.
Take the GW1N-4-PBGA256 device and general mode for instance;
the configuration page is as shown in Figure 3-83. Click "OK" to generate
the customized PLL IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.

Figure 3-83 PLL - IP Customization

1P Customization D |
R
PLL = 7]
File
Target Device: GHZA-LVSSPGLISECH/IT Language: Verilog T
Create In I huser-] balhUsershroothDesktopitestoase\IF_coreifpga_projectisrelge_pll
Module Hame: G PLL File Name: gv_pll V] Add to Current Project
Options
General CLEOUT
o Mode Bypass
@ General Wode () Advanced Mode
Expscted Frequency (3.1257500): 300.000 % To
PLL Phase And Duty Cycle Adjustment
VED Divide Factor
Dynanic @ Statie
— clkin choulp 3) Dynanic
PLL Reset Tnitial ¥alue: 2
CLEIH Static z
ckoutd [~ -
Clock Frequency (37500): 100.000 % hetual Frequency: |0.0
Divide Factor
CLEOUTE
8) Dynamic
/| Enable CLEDUTP [ Bypass
Initial Value(1°84): |1
. FPhaze And Duty Cycle Adjustment (Static)
Statie (17B4) 1
Phase (degree): |45 = | Duty Cycle &1/18):
IDSEL Reset
CLEOUTE Reset
Caleulate
CLEOUTD 15
rTEFR
& & Z
0K | [ Cancel | [ melp

3.3.2 DLL
Delay Lock Loop (DLL) is mainly used to ensure accurate time delay
by the equal and precise division of the input signal cycle. Click "DLL" on
the IP Core Generator page. A brief introduction to the DLL will be
displayed on the right of the screen, as shown in Figure 3-84.
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Figure 3-84 DLL Summary

. IP Core Generator EI
E

MName

4 Hard Module DLL

Block Memory

a CLOCK
-1 -
< DLl Information
@i 0sC
o PLL
Type: DLL
J DSP yp
. 13c Vendor: GOWIN Semiconductor
> SPMI Summary: GW FPGA provides a Delay Locked Loop (DLL), which provide cade
> User Flash scaling capability to shift 90 degree delay code down to 45 degree or
> Soft IP Core up to 135 degree by 11 degree jump.

Copyright(C)2014-2018 GOWIN Semiconductor Corperation. All Rights Reserved.

Double-click "DLL" to open the “IP Customization” window. This displays
the File configuration, Options configuration, port configuration diagram,
and the “Help” button, as shown in Figure 3-85.

Figure 3-85 DLL - IP Customization
r{x« IP Customization m‘
&

File
FildfR BAE
Target Device GHZA-LVSSPGL1SBCB/IT Langnage
Create In: D: buzer-bak\Usarshreot\Desktop  textease\IF_core\fpga projectiorelpe dll  [L.. |
Module Heme:  GH_DLL File Nane: gv_dll Add to Current Project
Options
Lock & Code Force Lock ead Code = OptionsBLEHE
Delay Code (degree)
— clkin
Lock ode: Hormal Lock Hode =
Step[7:0] P
—»{sep
lodk
b reset
Filefl E1E
- Helptdfll
it

[ p—
[ ok ][ cemear || rep ||
| Se—

1. File Configuration
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The file configuration mainly includes the basic information related to
the DLL instantiation file, as shown in Figure 3-85.

The DLL file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

The options configuration mainly includes the configuration information
related to the DLL instantiation file, as shown in Figure 3-85.
® Lock and Code: Select LOCK&STEP output mode.

- Force Lock and Code: In this mode, the LOCK value is 1, and the

STEP value is forcibly set to 255.
- Generated From DLL Loop: This mode ensures that the LOCK and
STEP values are all generated by the DLL.
® Delay Code (degree): Specify a delay code (degree) for the DLL. The
options are 101°, 112°,123°, 135°, 79°, 68°, 57°, 45°, and 90°.
® Lock Mode: Allows users to select Normal Lock Mode or Fast Lock

Mode.

- Normal Lock Mode: The DLL parameter DIV_SEL is set to 1'b0;

- Fast Lock Mode: The DLL parameter DIV_SEL is setto 1'b1.

3. Ports Configuration Diagram

The ports configuration diagram displays the current IP Core

configuration result, as shown in Figure 3-85.

4. Help
Click "Help" to open the IP Core configuration information, as shown in
Figure 3-86.

Figure 3-86 Help

DLL

Information

Type: DLL
Vendor: GOWIN Semiconductor

GW FPGA provides 2 Delay Locked Loop (DLL), which provide code scaling capability to shift 90 degree delay code down to
45 degree or up to 135 degree by 11 degree jump.

Options
Force Lock and Code - In this mode, the STEP value is forcibly sst to 255.

Lock & Code
Generated From DLL Loop - This mode ensures STEP value is generated by the DLL Loop.

Delay Code(degres) Specify a delay code {degree) for DLL.
Lock Mode Allows you to select Normal Lock Mode or Fast Lock Mode.

IP Generation Files

As shown in Figure 3-87, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive DLL instantiation "gw_dIl.v";
® The instantiation template file for the IP design file "gw_dlIl_tmp.v";
® The configuration file for the Gowin Primitive DLL instantiation

"gw_dlLipc".

If VHDL is selected as the hardware description language, the first two
files will be named with an .vhd suffix. Taking verilog for instance, the
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following sections introduce the generated files.
Figure 3-87 IP Customization

% IP Customization DS
DLL &
(5 7]
File
Targst Devics! GHZA-LVESPGLISECS/IT Languaze:
Creste In: 1 fuser] balhUsersirootiDesktopttestcase\IP_corehfpga projectisrelgr_dll [
Module Hame' G DLL File Hame' ev 41 Add to Current Project
Options
Lock & Code Force Lack and Code =
Delay Code (degree):
>
siep[7:0] =
— stop
lodk —#
—reset

0K ][ Frmers] ][ Help

Design File for the Gowin Primitive DLL Instantiation

The design file for the Gowin Primitive DLL instantiation is a complete
Verilog module. DLL instantiation is generated according to the DLL
configuration that is displayed in the “IP Customization” window, as shown
in Figure 3-88.
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Figure 3-88 Design File of Gowin Primitive DLL Instantiation

mydule GW_DLL (step, lock, clkin, stop, reaet):

output [7:0] step:
output lock;
input clkin;
input stop;
input reset;

wire gw_gnd:
a33ign gw_gnd = 1'k0;

DLL d11_inst |
.SIEP {3tep),
.LOCKE (lock),
.CLEIN{clkin),
.STOP (stop) ,
.BRESET {reset) ,
.UPDHCHTL (gw_gnd)

-

defparam dl11_inst.

defparam dll_inst.

defparam dl1_inst.
defparam dl1_inst.

LL_FORCE = 1;
DESCRL = "0lo™;
| = "true";
IV _SEL = 1'b0;

| S 5 Y T e}
[
1
™
g
:
|

endmodule //GW_DLL

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating DLL design file instantiation, as shown in Figure 3-89.

Figure 3-89 Instantiation Template File for the IP Design File

GW_DLL your_instance_name |

.atep(step_o), SSoutput [7:0] step
.lock(lock o), //output lock
.clkin{clkin i), //input clkin
.atop(stop_1i), //input atop

.reget (reaet_i) //input reaet

DLL Generation Example

Generate a specific DLL IP as follows:

- Delay Code is 45°;

- Fast lock mode.

Take the GW1N-4-LQFP144 device for instance; the configuration
page is as shown in Figure 3-90. Click "OK" to generate the customized
DLL IP design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.

73(100)




3IP Core Generation

3.3CLOCK

Figure 3-90 DLL - IP Customization

r M
4% 1P Customization [EER=
File
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss
Create In D \user-bak\Usersireot\Desktop\ testcase\IF_core\fpga projectiorelpe dll [ ... |
Module Hame:  GH_DLL File Nane: ge_dll Add to Carrent Project
Options
Lock & Cods Force Lock sad Cods ¥
Delay Code (degreel)
— clkin
Lock Mode: Fast Lock Mode =
Siep[7:0] P
—{zip
lodk [—#
et

[ Camcel | [ Help

3.3.3 OSC

OSC is the internal clock oscillator. It has a maximum frequency of
250MHz. Click "OSC" on the IP Core Generator page. A brief introduction
to the OSC will be displayed on the right of the screen, as shown in Figure

3-91.

Figure 3-91 OSC Summary

o IP Core Generator

Target Device: | GHZA-LV1GPGZSECT/IA [ D

Name

a Hard Module
> Block Memory

a CLOCK
&6 DL
4 osc
&6 PLL

3 DSP

> 1BC

> SPMI

> User Flash
4 Soft IP Core

0osC

Information
Type: 0sC
Vendor: GOWIN Semiconductor

Summary: Internal clock generator OSC. The user can change the value of the
option "Frequency Divider" to generate a different output dock
frequency, which can be one of 64 values: 1/2, 1/4, 1/6, 1/8, 1/10,
or 1/128 of the oscillator frequency. Different devices have different
osdillator frequencies, GW1N-2 / GW1N-2B / GW1N-4 /f GW1N-4B /
GW1NR-4 / GW1NR-4B is about 210MHz, GW1NS-2/GW1NS-

2C/GW1NSR-2C is about 240MHz,other devices are about 250MHz.

Copyright{C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.
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Double-click “OSC”, and the “IP Customization” window will open, as
shown in Figure 3-92. This displays the File configuration, Options
configuration, port configuration diagram, and the “Help” button.
Figure 3-92 OSC - IP Customization
(& 1 Customization 2. [ |

0SC &

File

Filefl BE
Target Device! GNZA-LVSSPGLIS6CE/IT emmersss

Create In D \user-bak\Usersiroot\Desktop\ testcase\IF_core\fpga projectisrele_ose [ ... |

Module Hame:  GH_OSC File Name: gw_osc Add te Cwrrent Project

Options

OptionsfR EHE

Frequency Divider: 100 % (2™128)

I OEREE

& & Helpl#4l

—
0k || cencer || Hep |

1. File Configuration

The file configuration mainly includes the basic information related to
the OSC instantiation file, as shown in Figure 3-92.

The OSC file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

2. Options Configuration

Options configuration mainly includes configuration information related
to the OSC instantiation file, as shown in Figure 3-92.

Frequency Divider: Allows users to select any even number between 2
and 128.

3. Ports Configuration Diagram

Ports configuration diagram displays the current IP Core configuration
result, as shown in Figure 3-92.

4. Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-93. Help page contains the IP Core general description, and a
brief introduction to the "Options".
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Figure 3-93 Help

0sC
Information
Type: (o] ®
Vendor: GOWIN Semiconductor
Internal clock generator OSC. User can change parameter FREQ_DIV to generate different
Summary: output clock frequency, which can be one of 64 values: 1/2, 1/4, 1/6, 1/8, 1/10, 1/12, 1/14

e, OF 1/128 of the oscillator frequency (about 250 MHz).

Options
T opion | pcsaption |
Frequency Divider Allows you to select any even number between 2 ~ 128,

IP Generation Files

As shown in Figure 3-94, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive OSC instantiation "gw_osc.v";
® The instantiation template file for the IP design file "gw_osc_tmp.v";
® The configuration file fo r the Gowin Primitive OSC instantiation

"gw_osc.ipc".

If VHDL is selected as the hardware description language, the first two
files will be named with a .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

Figure 3-94 IP Customization

'L, TP Customization D ()
i
0SC o
File
Target Device: GHZA-IVESPG1156CE/TT Language
Create In: D: tuser—bak\lzershroot\DeskiophtestcazebTP_corelfpga_projectisrcior_ose [
Module Fame GF_0SC File Hame: gw_osc hdd to Current Project
Opti
o3 cout ==

Frequency Divider: 128 2| 27128)

B®

0K | [ Cancel | [ Help

Design File for the Gowin Primitive OSC Instantiation

The design file for the Gowin Primitive OSC instantiation is a complete
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Verilog module. OSC instantiation is generated according to the OSC
configuration in "IP Customization" window, as shown in Figure 3-95.

Figure 3-95 Design File for the Gowin Primitive OSC Instantiation
module GW_O3C (oscout):

output oscout:

0SC osc_inst |

.O5C0UT (oscout)
)2

defparam osc_inst.FREQ DIV = 12&;
defparam osc_inst.DEVICE = "GW2A-55";
endmodule //GW_O5C

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating OSC design file instantiation, as shown in Figure 3-96.

Figure 3-96 Instantiation Template File for the IP Design File

GW_0OS5C your instance name |
.o2cout (o2cout_o) J/output oscout
b

OSC Generation Example

Users can generate a specific OSC IP with 2.5MHz clock frequency.
Take the GW1N-4-LQFP144 device for instance; the configuration page is
as shown in Figure 3-97. Click "OK" to generate the customized OSC IP
design files.

The generated IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the
project.
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Figure 3-97 OSC - IP Customization

r
ks IP Customization

0SC

File

Target Device: GHZA-LVSSFGI1SECE/IT

—

Create In: D:user-bal\UsersirootiDesktopitesteased\IP_corebfpga_projectisreiew_osc

Module Hame GF_0SC

o5 cout =

Options

File Hame: gw_osc Add to Current Project

[ )
&

(B

Frequency Divider: 100 2] 27128)

[ ok ][ camead ||

Help
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3.4 User Flash

Click "User Flash" on the IP Core Generator page. A brief
introduction to the User Flash will be displayed on the right of the
screen, as shown in Figure 3-98.

Figure 3-98 User Flash Overview

. IP Core Generator EI@
B
Name
4 [ Hard Module User Flash
> Block Memory
CLOCK
pse Information
13C
SPMI Type: User Flash
4 User Flash
& User Flash Vendor: GOWIN Semiconductor
Soft IP Core summary: GWI1N series FPGA products provide user Flash memory resources

(User Flash). Different devices support different Flash, including
FLASH96K, FLASHI6KZ, FLASH128K, FLASH256K and FLASHE08K.

Copyright(C)2014-2018 GOWIN Semiconductar Corporation. All Rights Reserved.

Double-click “User Flash”, and the “IP Customization” window will
open as shown in Figure 3-99. This displays the File configuration, Options
configuration, port configuration diagram, and the “Help” button.
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Figure 3-99 User Flash - IP Customization

.
& IP Customization >
B
User Flash 55
File -
FileBRE1E
Target Device: GHIF-LVALA144C6/I5 emmersss
Create Ini  uzer- bakUsersiroot\Desktop' testase\TP_core\fpea projectisre\ov_user_flash .. |
Module Hame:  GH_USER_FLASH File Nane: ge_user_flash Add to Carrent Project
— 0]
— e 0]
e
e
—_ douf21:0]
—{ erase
—{ prog
— Nt
= Gin[21:0
s
AR EE
& & Helpt34l
0K || Camcal [I[ elp |

1. File Configuration

The file configuration mainly includes the basic information related to
the User Flash instantiation file, as shown in Figure 3-99.

The User Flash file configuration is similar to that of SP. For the
detailed configuration instructions, please refer to_3.1Block Memory >
3.1.1SP> File Configuration.

Note!

Currently, GW1N-1/GW1N-2/ GW1N-2B/GW1N-4/ GW1N-4B/ GW1N-6/ GW1N-6ES/
GW1N-9/ GW1N-9ES/GWI1NR-4/ GW1NR-4B/ GW1NR-9/ GW1NR-9ES/GW1NS-2/
GWI1NS-2C/ GW1NZ-1/GWI1NSR-2C support user flash. If you select any other devices,
the "OK" button in the “IP Customization” window will be grayed out, and no IP can be
generated.

2. Ports Configuration Diagram

The ports configuration diagram displays the current IP Core
configuration result, and User Flash input bit-width updates in real time
based on the target device, as shown in Figure 3-99.
3. Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-100. Help page contains the IP Core general description, and a
brief introduction to the "Options".

SUG284-1.5E 80(100)




3IP Core Generation

3.4User Flash

Figure 3-100 Help

Information

Type:

Vendor:

Summary:

Note

User Flash

User Flash
GOWIN Semiconductor

GWI1N series FPGA products provide user Flash memory resources
(User Flash), the characteristics are as follows:

10,000 write life cycles
More than 10 years of data retention (+85 °C)
Page erase capability: 2,048 bytes
Fast page erase / word programming operation
Clock frequency: 40MHz
Word programming time: £ 16us
Page erase time: £120ms
Current
- Read Current / Duration: 2.19mA / 25ns (VCC) & 0.5mA /
25ns (VCCX)
- Program / Erase operation: 12 / 12mA (MAX)

« If the target device is GW1N-1 , the primitive FLASH96K will be instantiated in the
customized module. For the primitive FLASHO96K, data input and data output’s width is 32,
input XADR and YADR's width is 6.

« If the target device is GW1IN-2/GWIN-4/GW1NR-4 , the primitive FLASH256K will be
instantiated in the customized module. For the primitive FLASH256K, data input and data
output’s width is 32, input XADR's width is 7, input YADR's width is 6.

IP Generation Files

As shown in Figure 3-101, after customizing the IP, click “OK” to
generate three files that are named according to the “File Name" specified
in the file configuration:
® The design file for the Gowin Primitive User Flash instantiation “gw_

user_flash.v”;

® The instantiation template file for the IP design file "gw_ user_lash

_tmp.v";

® The configuration file for the Gowin Primitive User Flash instantiation
“‘gw_ user_flash.ipc”.
If VHDL is selected as the hardware description language, the first two
files will be named with an .vhd suffix. Taking verilog for instance, the
following sections introduce the generated files.

SUG284-1.5E
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Figure 3-101 IP Customization

.
& IP Customization P |
i
User Flash 5 7]
File
Target Device: GHIN-L¥ALQ144C6/IS e
Create In user-bak\Usersiroot\Desktopitestcase\IE_core\fpea_projectisrclon_user_flash (... |
Module Wame:  GH_USEE_FLASK File Fame! gr_user_flash Add to Curzent Project

sadrig:0]

yadr[5:0]

doufa1.0] ==

st

I S A N

din[31:0

& &

0 | [ Concel || Help

Design file for the Gowin Primitive User Flash instantiation

The design file for the Gowin Primitive User Flash instantiation is a
complete Verilog module. User Flash instantiation is generated according
to the User Flash configuration that is displayed in the “IP Customization”
window, as shown in Figure 3-102. The generated GW1N-4 design files
instantiation is the primitive FLASH256K.
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Figure 3-102 Design file of Gowin Primitive User Flash instantiation
module GW_USER FLASH (dout, xe, ye, 3e, prog, erase, nvstr, xadr, yadr, din);

gutput [31:0] dout;
input xe;

input ye;

input se;

input prog;

input erase;

input nvstr;

input [6:0] xadr;
input [5:0] wyadr;
input [31:0] din;

FLASHZ56KE flash_inst |
.DOUT {dout) ,
.EE (xe),
.YE {ve),
.SE{3e),
. PFROG (prog) ,
.ERASE {erase),
.HVSTR (nvatr),
LZRDE (xadr) ,
. YRDRE {vadr) ,
.DIN (din)
-

r

endmodule //GW_USER_FLASH
Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
file while generating the user flash design file instantiation, as shown in
Figure 3-103.

Figure 3-103 Instantiation Template File for the IP Design File

GW_TSEE_FLASH your instance name |

.dout {dout_o), f/output [31:0] dout
.Xe(xe_i), /Sinput xe
.ye(ye_1i), //input ye
.3e(se_i), //input se
.prog{prog_i), //input prog
.erase(erase_ji), //input erase
ovatr(nvatr_i), //input nwvatr
.Hadr (xadr i), //input [6:0] xadr
.yadr (yadr_ i), //input [5:0] yadr
.din{din i) //input [31:0] din

User Flash Generation Example

As shown in Figure 3-104, take FLASH256K generation supported by
GW1N-4 for instance, select the GW1N-4 device, and select the package
as required in the “IP Customization” window. Then click "OK" to generate
the customized User Flash IP design files.

The generated IP files are stored in the directory set in "Create in". If
“Add to Current Project” is checked, the generated IP design files will be
automatically added to the project.
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Figure 3-104 User Flash - IP Customization

r o
& Customize IP User Plash [ 2 =i
User Flash E%

File
Target Device: GHH-LYALAI144C6/T5 Language
Create In D: huser-bakiUsersirootiDesktophtestease\IP_corehtemphsrelgr user_flash [
Wodule Name:  GF_USER_FLASK File Fame: gu_user_flash [/] A44 te Current Project
= mdri0]
—8 yadni5:0]
—
e
—ze doufa1:0] =
|
— eraze
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— st
— Gin[21:0]
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I3C IP offers the features of high-speed and low power and be
compatible with the other key features of 12C and SPI. The I13C IP provides
registers for users to control and realize specific functions. Click "1I3C > 13C
SDR" on the "IP Core Generator" page. A brief introduction to the 13C will

be displayed on the right of the screen, as shown in Figure 3-105.

Figure 3-105 I3C SDR Information

. IP Core Generator

Target Device: GH1NZ-TV1CS1BC5/T4 D

Name

a

[

>

Hard Module
Block Memory
CLOCK
Dsp
13C
&b 13C SDR
SPMI
User Flash

Soft IP Core

i

[E= BoR =)

I3C SDR

Information

Type: I3C SDR

Wendor: GOWIN Semiconductor

Summary: GW I3C IP supports high-speed, low-power, and other critical features
that are currently covered by I2C and SPI. The structure of the IP
provides registers that enable users to control and implement specific
functions flexibly.

Copyright(C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.
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Double-click “I3C SDR”, and the “IP Customization” window will open
as shown in Figure 3-106. This displays the File configuration, Options
configuration, port configuration diagram, and the “Help” button.

Figure 3-106 I3C Customization

I3C: I3C SDR e o
FileFR E4E 5
| File l
e Targat Device: GH1NZ-ZVICSLECS/T4 Remmeen
4 Craate In E: bworkiball-2isrebgn_ide |
acc aco
i Module Wame:  GH_I3C File Hame: gv_ide Add to Current Project
ACHLS Mo
ACS Options

@
E
El
A A A R A S A A

SLAVE STATIC ADDRESS: 00 |3 (7" hOO™T' WTF)

SoAPULLO

i

OptionsECBEFE

bbb

H
@
I S

sToesUS

VY OB EE Helpf&ig

0K | [ Concel ]I[ Help ]I

1. File Configuration

The file configuration mainly includes the basic information related to
the I3C instantiation file, as shown in Figure 3-106.

The I3C file configuration is similar to that of SP. For the detailed
configuration instructions, please refer to 3.1Block Memory > 3.1.1SP> File
Configuration.

Note!

Only GW1NZ-1 supports I3C at present. If you select the other devices as the target
device, the I3C will be grey, and no corresponding device can be generated.

2. Ports Configuration Diagram

Ports configuration diagram displays the current IP Core configuration
result, as shown in Figure 3-106.

3. Options Configuration

Options configuration mainly includes the configuration information of
I3C instantiation file, as shown in Figure 3-106.

SLAVE STATIC ADDRESS - Specify the static address of the Slave.
4. Hlep

Click "Help" to open IP Core configuration information, as shown in
Figure 3-107. Help page contains the IP Core general description, and a
brief introduction to the "Options".
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Figure 3-107 Help

I3C SDR
Information
Type: I3C SDR
Vendor: GOWIN Semiconductor
GW I3C IP supports high-speed, low-power, and
other critical features that are currently covered by
Summary: I2C and SPI. The structure of the IP provides
registers that enable users to control and
implement specific functions flexibly.
Options

" opion " pescripion

SLAVE STATIC
ADDRESS

IP Generation Files

SLAVE STATIC ADDRESS - Specify the static

address of slave.

As shown in Figure 3-108, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® The design file for the Gowin Primitive I3C instantiation "gw_i3c.v";
® The instantiation template file for the IP design file "gw_ i3c _tmp.v";
® The configuration file for the Gowin Primitive I3C instantiation “gw_

user_flash.ipc”.

Taking verilog for instance, the following sections introduce the

generated files.

SUG284-1.5E
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Figure 3-108 IP Customization
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I3C Design File Instantiation

The design file for the Gowin Primitive I13C instantiation is a complete
Verilog module. I3C instantiation is generated according to the 13C
configuration that is displayed in the "Customize IP" window, as shown in
Figure 3-109. The generated GW1NZ-1 design files instantiation is the
primitive 13C hardcore.
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Figure 3-109 I3C Design File Instantiation

module GW_I3C (lgyoc, cmo, aco, aaoc, sioc, stopo, strto, parityerror,
dobuf, dout, state, sdao, 3clo, sdacen, scloen, sdapullo,
sclpullo, sdapulloen, sclpulloen, lgys, cms, acs, aas,
stops, strts, lgyc, cme, acc, aac, sic, stopc, strteo,
strthds, sendahs, sendals, ackhs, ackls, stopsus, stophds,
senddhs, senddls, recwdhs, recwdls, addrs, di, sdai, =cli,
ce, reset, clk);

SUG284-1.5E

ocutput lgyo;

output cmo;

output aco;

output =ao;

output sio;

output stopo;
oputput strto;
output parityerror;

cutput [7:0] dobuf;
ocutput [7:0] dout;
ocutput [7:0] state;

ocutput sdao;
output sclo;
ocutput sdaocen;
ocutput scloen;
output sdapullo;
ocutput sclpullo;
ocoutput sdapulloen;
ocutput sclpulloen;
input lgys;
input cms;

input acs;

input aas;

input stops;
input strts;
input lgyc;
input cmc;

input acc;

input aac;

input sic;

input stopc;
input strtec;
input strthds;
input sendahs;
input sendals;
input ackhs;
input ackls;
input stopsus;
input stophds;
input senddhs;
input senddls;
input recwdhs;
input recwdls;
input addrs;
input [7:0] di;
input sdai;
input scli;
input ce;

input reset;
input clk;
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ElI3C i3c_inst
LEYD (1lgyo) ,
-CHMO (cmo)
ACD (aco)
JBRRD (aao)
_B8I0(3io),

_ETOPO (stopo) ,

_ETRTO (atrto) ,
_BRARITYERROR (parityerror) ,
-DOBUF (dobuf) ,

DO (dout) ,
.STATE (state)
. SDAD (adao)
_BCLO (3clo),

- EDADEN (sdaocen) ,

.5CLOEN (acloen) ,
SDAPTLLO (sdapullo) ,
JBCLEULLO (sclpullo) ,
SDAPULLOEN (sdapulloen) ,
. SCLEULLOEN (sclpulloen) ,
LEYS (1gys),

.CHM5 (cms)
BCS5(acsa),
JBRS (aas),
.8TOPS (stop3) ,
.STRTS (strts)
LEYC (1gye) ,
CMC (cmz) ,
JBACC (acc)
JRRC (aae)
_BIC(3ic),

.5TOPC (stopc) ,
_BTRTC (atrtc),
.STRTHDS (strthds)
. SENDRHS (sendahs)
_SENDALS (sendals)
BACKHS (ackhsa)
BACKLS (ackla) ,
.ETQPSUS (stopsus) ,
.5ETOPHDS (stophds) ,
. 5ENDDHS (genddhs)
.SENDDLS (senddls)
.RECVDHS (recvdhs)
BECVLDLS (recwdls)
ADDRS (addra)
DI (di),
.SDAT (sdai)
JSCLI(acldi)
CE({ce),
.BESET (reset)
.CLE {clk)

r

r

P

']

]

r

']

P

r

r

r

P

']

r

r

r

P

']

']

]

']

defparam i3c_inat ADDRESS = 7'b0000000;

endmodule J/GEH_I3C

module I3C
LAC, ffassert ACE clear
T ffassert ACE output
ZRS, ffassert ACE set
BCC, ffassert continuity clear
LCEHS, S FRACE high pericd diwvider
ACELE, fFACE low period diwvider
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—:

-- -
ACD, {{as=ert continuity output

ACE, {/assert conbinuity =et

ALLRE, {{=et dynamic addres=s

CE, {fclock enable

CLE, {/clock input

TMC, Jfcurrent master =set

040, //current master ouwtput

Me, Jfcurrent master =set

DL, {fdata inpus

Da, {funbuffered data output

DOETE . {/buffered data cutput

LEYC, {ilegacy mode clear

Leta, {{legacy mode cutput

LEYs, {ienter legacy mode =et

EABITYEBBCR, //indicater of parit bit errox

RECVDHS, {i=et receiving data high pericd divider
BECVDLE, {i=et receiving data low pericd divider
REZLET, {iasyn. re=et, active high

LI, {i=cl imput

L0, {i=cl output

ECLOEN, {/=cl output enmable, actiwve low
SCLETLLO, {/i=cl pull-up cutput

SCLETLLOEN, //=cl pull-up output enable, active low
DRI, {f=da input

DA, /i =da output

SOROEN, /{=da output enable, actiwve Llow
SORPTLLO, {i=da pull-up cubput

SOAPTLLOEN, //=da pull-up cutput enable, active low
SERDRHE, {i=et sending address high pericd divider
SERDRALE, //=et mending addre=s= low pericd divider
SERDDHE, {i=et sending data high pericd divider
JERDDLE, {/f=et sending data low pericd divider
3IC, {{=y=tem interrupt clear

210, {{=ystem interrupt cutput

STRTC, Ji=start celar

FIBRTQ, {f=tart ocutput

ZTRTE, Jistart =at

ITRTE, {{=tate output

STRTHDS, /f=et =tart hold time

ITORC, {i=top clear

STOFD, {{=top output

STOPE, {{=top =et

STOPSTE, {i=et =top =etup time

STOPHDE {/i=et stop hold time

parameter AODBESE = T7'bl:

input LEYE, (M3, ACE, ARE, ITOP3, IZTRII:
cutput LEYD, M0, ADD, ARD, EIO, ETORO, ITETO:
input LEYC, OMC, AOC, RaC, 3IC, ETOPC, ITRTC:

input ZSTRTHDE, JENLDAHZ, SENDALI, ACHHS:
input ACHLE, STOPSUS, ITOPHDE, IENDDHS:
input SENDDLE, BECVDHZ, BECULLE, ADDRS:
cutput FPARITYERROR:

input [T7:0] IIL:

output [T:0] DOBUE:

cutput [T:0] DO:

output [T:0] 3TATE:

input SDRI, 3CLI:

output JDRO, 3CLO:

ocutpwt SDROEN, ZCLOEN:

ocutput SOAFULLO, ZCLETLLO:

ocutput SDAEFULLOEN, ZCLETLLOEN:

input CE, BEJET, CLE:

endmodule

Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template
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file while generating I13C design file instantiation, as shown in

3-11010.

Figure 3-110 Instantiation template file for the IP design file

GW_I3C your_instance_name |

.lgyo(lgyo o), /foutput lgvo
.cmo (cmo_o}, //output cmo
.acolaco o}, S/output aco
.aac(aao_o}, utput aao
.sio(=sic o), [/output sio
.STopo (stopo o), S/output sStopo

.strto(strto_o), //output strto

.parityerror (paritvyerr

or o}, [f/ou

.dobuf (dobuf o), //output [7:0] dobuf

.dout (dout_o), SSoutput [7 dout

.state (state_o}, output [7:0] state

.sdao (sdaoc_o), //output sdao

.gclo(sclo o), S/Soutput sclo

.sdacen (sdacen o), [/output sdacen
.gcloen(2cloen o), //output scloen
.sdapullo(sdapullo_o}, //output sdapullo
.sclpullo(sclpullo o), //output sclpullo
.sdapulloen(sdapulloen_o), cutput =sdapulloen
.sclpulloen(sclpulloen o), //output sclpulloen
lgysilgys_1i), //input lgys

.cms (cms_1i), /

.acs(acs_1i),

.aas(aas_1i), /4

.3tops (stops_i), //input stops
.strts(strts_1i), / put stris

logyoi(lgye i),
.cmc (cmc_1}, /
.acclacc i),
.aac(aac_1),
.sic(sic i), /4
.STopc (stopc_ 1),
.strtoc(strte_1i), //in
.strthds (strthds i},
.sendahs (sendahs_1i},
.sendals (sendals i},
.ackhs (ackhs i), //
.ackls(ackls i), //

.stopsus (stopsus_i), //3

.stophds (stophds_1),
.senddhs (senddhs i},
.senddls (senddls_ i),
.recvdhs (recvdhs i},
.recvdls (recvdls_ i},
.addrs (addrs_ i), //

=stopc
strte
finput strthds
nput sendahs
nput =sendals

nput stopsus
nput stophds
nput senddhs
nput =senddls
nput recvdhs
nput recvdls

»difdi_i), //input [7:0]

.sdai(sdai i), /
.8cli(=cli i), JS/inpu
.ce(ce_1i), //input ce
.reset (reset_i), //inp
.clk(clk i} //input cl

I3C Generation Example

ut reset
k

Figure

As shown in Figure 3-111, take 13C generation supported by GW1NZ-1

for instance, select the GW1NZ-LV1CS16C5/I4 device and select the

package as required and configure the "Options" in the "IP Customization"
window. Then click "OK" to generate the customized I13C IP design files.
The generated I13C IP files are stored in the directory specified in the
directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the

project.
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Figure 3-111 I3C IP Customization

“: IP Customization

13C: I3C SDR

BAb bbb bbb bbb bbb bbby

T T A R A S L SN N

®&

File

Target Device: GHINZ-LYICS1BCS/T4

Create In: E: Ywork\GAD_SDPZRALi te_cnt_2k Fisreign_ide

Module Fame G¥_T3C

Options

File Name: gw_i3e

Add te Current Project

==

SLAVE STATIC ADDRESS: 00 5

(7 BO0™T" KTF)

) (e (]

SPMI is a two-wire serial interface that connects the integrated Power

Controller (PC) of a System-on-Chip (SoC) processor system with one or
more Power Management Integrated Circuits (PMIC) Voltage regulation
systems. SPMI enables systems to dynamically adjust the supply and
substrate bias voltages of the voltage domains inside the SoC using a
single SPMI bus. Click "SPMI" on the IP Core Generator page. A brief
introduction to the SPMI will be displayed on the right of the screen, as
shown in Figure 3-112.
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Figure 3-112 SPMI Information

g‘f.l, IP Core Generator

Target Device: |  GHINE-LV1OW32CE/IS [

Name

4

Hard Module
Block Memory
CLOCK
Dsp
I3C
SPMI
&b sPmL
User Flash

Soft IP Core
CORDIC
Complex Multiplier
DDR
DIVIDER
FFT
FIFO
13C
MIPI
PSRAM
RAM Based Shift Register
SDRAM Controller

T +

SPMI

Information
Type: SPMI
Vendor: GOWIN Semiconductor

Summary:

Gowin IPCore SPML is a two-wire serial interface that connects the
integrated Power Controller (PC) of a System-on-Chip {SoC) processor
system with one or more Power Management Integrated Circuits (PMIC)
voltage regulation systems. SPMI enables systems to dynamically adjust
the supply and substrate bias voltages of the voltage domains inside the
SoC using a single SPMI bus.

Copyright{C)2014-2018 GOWIN Semicenductor Corperation. All Rights Reserved.

SUG284-1.5E

Double-click on the "SPMI" to open the "IP Customization" window.
This displays the file configuration, options configuration, port configuration
diagram, and the “Help” button, as shown in Figure 3-113.

Figure 3-113 SPMI Customization

EIPCustomization - — -— e

SPMI: SPMI

DI&@E

File Filefl EAE
Target Devica: GHINZ-LV1QN32CE/IS Lenguage
Create In: E:vl. 8. 1_testhgw_spmi
Module Name:  GF_SENI File Name! gw_spmi Add to Current Froject
Optiens
—»{CLK Funetional Configuration
—»lcLKENT ADDRO[3:0] = [ Shutdown by YCCER
Master/Slave: () Master @ Slave
—»{CE
D ATAO[T:0] preeil
I Waster Configuration
MID: 1} SCLE Wormal Feriod: |3 |2
—»{ LOCRE SET STATE[15:0] =t
Respond Delay: |0 SCLK Low Feriod 3
—»{pa
—eza CHD[3:0] e Slave Configuration —
P OptionsFR EHE
—>{Cca ' -
SDATA [
—» ADDRIG0] General Configuration
—l paTaip 0] seLk Request Pipeline Steps: 1 |3 Clock Frequency: 1 %
— [] Enable State Code Register 7] Enable Decode Command
[] Clock From External Ensble Rezet Command
s
promfiah=gid
Helpd#il
[ ok [ cemeer | Help
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File Configuration
The file configuration mainly includes the basic information related to
the SPMI instantiation file, as shown in Figure 3-113.

The SPMI file configuration is similar to that of SP. For the detailed
configuration, please refer to 3.1Block Memory>3.1.1SP > File
Configuration.

Note!
Only GW1NZz-1 supports SPMI at present. If you select the other devices as the target
device, the SPMI will be grey, and no corresponding device can be generated.
Options Configuration

Options configuration mainly includes the configuration information of
SPMI instantiation file, as shown in Figure 3-113.
Functional Configuration:
- Shutdown by VCCEN: Shutdown by the "VCCEN" external pin. If
this option is checked, the communication function of SPMI will be
disabled.
- Master/Slave: Set SPMI as Master or Slave.
- Master Configuration:
- MID: Set the identifier of the master server of SPMI.
- Respond Delay: Set the response delay time.
- SCLK Normal Period: Set SCLK period in normal mode.
- SCLK Low Period: Set the SCLK period as sleep mode.
- Slave Configuration:
- SID: Set the identifier of the SPMI Slave.
General configuration:
- Enable State Code Register: Enable or disable the state code
register. If "Enable State Code Register" is checked, the output
state code will pass a register.
- Request Pipeline Steps: Set the sampling time delay step of the
request signal.
- Enable Decode Command: Enable or disable decode. If "Enable
Decode Command" is checked, SPMI will decode the reset, sleep,
shutdown, and wakeup commands.
- Enable Decode Command: Enable or disable reset command.
- Clock From External: Enable or disable the external clock.
- Clock Frequency: System clock frequency.
Ports Configuration

Ports configuration diagram displays the current IP Core configuration
result, as shown in Figure 3-113.
Help

Click "Help" to open the IP Core configuration information, as shown in
Figure 3-114.
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Figure 3-114 Help

Information
Type: SPMI
Vendor: GOWIN Semicenductor
Gowin IPCore SPMI is 3 two-wire serial interface that connects the
integrated Power Controller (PC) of a System-on-Chip (SoC) procassar
T system with one or more Power Management Integrated Circuits (PMIC)
e voltage regulation systems. SPMI enables systems to dynamically adjust
the supply and substrate bias valtages of the valtage domains inside the
SoC using 3 single SPMI bus.
Options

I ™ S
] Shutdown by VCCEN - Shutdown by external pin WCCEN. If chaose this cption,
Functional SPMI's communication function will not be available.
Configuration
Master/Slave - Set SPMI to master or slave.
MID - Set the identifier of the SPMI master
Respond Delay - Set the response delay time.
Master Configuration
SCLK Normal Period - Set the period of the sclk in normal mode.
SCLK Low Period - Set the pericd of the sclk in sleep mode.
Slave Configuration SID - Set the identifiar of the SPMI slave.

Enable State Code Register - Enzble ar disable registars. For example, If you
choose the Enable State Code Register option, the output STATE data will gao
through one registar.

Request Pipeline Steps - Set the delay step size of the request signal sampling
time.

General configuration Enable Decode Command - Enable or disable decoding .If you choose Enable
Decode Command, SPMI will decode the reset, sleep, shutdown, and wakeup
commands.

Enable Reset Command - Enzble or disable the resst command.
Clock From External - Enable or disable the external clock.

Clock Frequency - System clock frequency

Copynight({C)2014-2018 GOWIN Semiconductor Corporation. All Rights Reserved.

The Help page contains a general description of the IP Core, and a
brief introduction to the "Options".

IP Generation Files

As shown in Figure 3-115, after customizing the IP, click “OK” to
generate three files that are named according to the "File Name" specified
in the File configuration:
® Design file for the Gowin primitive SPMI instantiation "gw_spmi.v";
® The instantiation template file for the IP design file "gw_spmi_tmp.v";
® The configuration files for the Gowin Primitive SPMI instantiation

"gw_sp.ipc".

Taking verilog for instance, the following sections introduce the
generated files.
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Figure 3-115 SPMI Customization

"% IP Customization

Options

—® CLK
-
> CLKEXT ADDRO[3:0]
—™ CE
DATAD(T:0] =i
= RESETN
— LOCRESET STATE[15:0] =
—pA
> s CMD[3:0] preie
—ca
SDATA =
= ADDRI[3:0]
DATAI 0] SCLK [
—®{ ENEXT

File
Target Device: GYINZ-LVIQR3ZC8/IS
E:M.8.1_testhgw_spmi

Create In:

Module Hame GY_SFMI File Hame: gw_spui

=)

[#] &dd to Current Frojeet

Language:

Functional Configuration
[7] Shutdown by VECEN

Master/Slave: () Master @ Slave
Waster Configuration
nID 0 SCLE Hermal Feried: |3

Respond Delay: |0 SCLE Low Feriod: 3

Slave Configuration

SID: 0 (=

General Configuration
Request Pipeline Steps: 1 |2
[7] Ensble State Code Register
[1Clock From External

Clock Freguency! 1
[] Enable Decode Command
Enable Reset Command

0K ][ =] ][ Help

SPMI Design File Instantiation

The design file for the Gowin Primitive SPMI instantiation is a complete
Verilog module. SPMI instantiation is generated according to the SPMI
configuration that is displayed in the "IP Customization"” window, as shown

in Figure 3-116.
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Figure 3-116 SPMI Design File Instantiation

T_imdﬂ.c Ed_SEMI

output [2:0] addro:
cutput [7:0] datac:
output [15:0] =tats:
ocutput [2:0] cmd:
input =data:

inout =clk:

input olk:

[[] SEMI =pmi in=t |
-ADDROD {addre] .
DATAD {datao] .
-STATE { =tate] ,
- D {cond] ,
SDATR (=data) ,
R =clk) .
LR {clk) ,
-CEi{cel,
BESETH (re=atn) ,
.LOTRESET {locreset) ,
_BRipal,
SRi=al,
LChical,
-ADDRI {addri] ,
DATAI {datail .
CLFEXT {elkext) ,
.ENENT { emewt:)

1z

{addro, datao,
locre=et, pa, =a, ca, addri, datai, clkext, enext):

=tate, cmd, =data, =clk,

defpazam =pmi_inst.FUNCTION CTEL = 7'BOO0OLOC:

defparam =pmi_inet MSID_CLESEL = 7'bO00OOOD:
defparam =pmi_inet BESPOND_DELEY = 4'BOO00:
defparam spmi_inst.SCLE WOBMAL_FERICD = 7'bO00DDLL:
defparam =pmi_inet. SCLE_LOW_PERICD = 7'BO00O0LL:
defparam =pmi_inet CLE_FREQ = 7'bLO0COODD:

defparam spmi_inst.SEUTDOWN_EY_EWAELE = 1'bil:

endmodule J/FH IPMI

module FEMI (CLE, CLEEXT,

DATAI, ADDRO, DRTRD,
1/* zynthesis =syn_black box black box_pad pin="30ATA, ICLE"

parameter FURCTION CTBL =
parameter M3ID CLESEL = 7'
parameter BEZPOHD DELAY =

CE., BESETH, EWEXT, LOCBESET.
STATE, MD, SDRT:,

Trh:
bl:
4kl

parameter SCLE NOMMAL PERICD = 7'B0:

parameter ICLE LOW PERICD
parameter CLE FREQ = 7'bl:

= T'bl:

parameter SHOTDOWH BY EWARLE = 1'bi:

CLEEXT,
ZDATA,

ENEXT:
2CLE:

PR, 3a, CAs

input [3:0] ADDRI:
input [7:0] DATAI:
cutput [2:0] ADDRO:
[T:0] DATAD:
[15:0] BTATE:
[3:0] CMD:

endnodule

CLE, CE, BESETH, LOCBESET:

clk, oe, Desetn,

PR, Sa, Ch, ADDRI,
SCLE
Fyn_noprune = 1%f;

SUG284-1.5E
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Instantiation Template File for the IP Design File

For efficiency purposes, the IP Core Generator generates the template

file while generating SPMI design file instantiation, as shown in Figure

3-117.

Figure 3-117 Instantiation Template File for the IP Design File

GW_SPHMI your instance name |

I

.addro (addro o}, //Soutput [3:0] addro

.datao(datao_o), /Soutput [7:0] datac
.2tate (state_o), /Soutput [15:0] =tate

.cmd (cmd o), /SSfoutput [3:0] cmd

.sdata (sdata io), //inout sdata
.5clkisclk io), //inout sclk
.elk({clk i), //input clk

.ce{ce_ i), //input ce
.resetn(resetn i), //input resetn
-locreset (locreset_1i), //input locreset
.pa(pa i), //input pa

.2a(=a_i), /finput =a

.cafca i), //input ca

.addri (addri i}, //inpu 3:0] addri
.datai (datai i)}, /S [7:0] datai
.clkext (clkext i), //input clkext
.enext (enext i) //input enext

SPMI Generation Example

As shown in Figure 3-118, take SPMI generation supported by

GW1NZ-1 for instance, select the GW1NZ-LV1QN32C6/I5 device and
select the package as required and configure the "Options" in the "IP
Customization” window. Then click "OK" to generate the customized SPMI
IP design files.

The generated IP files are stored in the directory specified in the

directory set in the "Create in" textbox. If “Add to Current Project” is
checked, the generated IP design files will be automatically added to the

project.
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Figure 3-118 SPMI IP Customization

& IP Customization
-  i—

SPMI: SPMI

File

Target Dewice: GHINZ-LVIQN32CB/IS

File Hame:

aw_spmi

Language:

ol gzzE

Add to Current Project

Create In E:\1. 8. 1_testhgw spmi
Module Wame:  GH_SEMI
Options
—»{CLK Functional Configuration
—{ CLKEXT ADDRO[Z0] = [7] Shutdown. by VCCEH
Master/Slave: () Master (© Slave
—»{CE
DATAD[7:0] =i ) .
— % RESETH Master Configuration
WID: [
—»{LOCRESET STATE[ 5 0]
Respond Delay: [0 |5
—»pa
—»ca CMD[3:0] i Slave Configuration
—»ica SID: 0 2
SDATA M- .
=i ADDRIZ:0] General Configuration
—{ DATAIT 0] ek Request Pipeline Steps: 1 |2
— el EnEXT [7] Enable State Code Register
[[] Clock From External

SCLE Low Feried

Clock Frequency:
[] Ensble Decode Command
Enable Reset Command

SCLE Wormal Feriod: |3

|

1 =

) o

Help

100(100)




/
0‘0

o
GOWIN

ING FOR FUT



	Contents
	List of Figures
	List of Tables
	1 About This Guide
	1.1 Purpose
	1.2 Supported Products
	1.3 Related Documents
	1.4 Abbreviations and Terminology
	1.5 Support and Feedback

	2 Introduction
	3 IP Core Generation
	3.1 Block Memory
	3.1.1 SP
	3.1.2 DP
	IP Generation Files
	DP Design File Instantiation
	Instantiation Template File for the IP Design File
	DP Generation Example

	3.1.3 SDP
	IP Generation Files
	SDP Design File Instantiation
	Instantiation Template File for the IP Design File
	SDP Generation Example

	3.1.4 ROM
	IP Generation Files
	Design File for the Gowin Primitive ROM Instantiation
	Instantiation template file for the IP design file
	ROM Generation Example


	3.2 DSP
	3.2.1 ALU54
	IP Generation Files
	The Design file for the Gowin Primitive ALU54 Instantiation
	Instantiation Template File for the IP Design File
	ALU54 Generation Example

	3.2.2 MULT
	IP Generation Files
	Design File for the Gowin Primitive MULT Instantiation
	Instantiation Template File for the IP Design File
	MULT Generation Example

	3.2.3 MULTADDALU
	IP Generation Files
	Design File for the Gowin Primitive MULTADDALU Instantiation
	Instantiation Template File for the IP Design File
	MULTADDALU Generation Example

	3.2.4 MULTALU
	IP Generation Files
	Design File for the Gowin Primitive MULTALU Instantiation
	Instantiation Template File for the IP Design File
	MULTALU Generation Example

	3.2.5 PADD
	IP Generation Files
	Design File for the Gowin Primitive PADD Instantiation
	Instantiation Template File for the IP Design File
	PADD Generation Example


	3.3 CLOCK
	3.3.1 PLL
	IP Generation Files
	Design File for the Gowin Primitive PLL Instantiation
	Instantiation Template File for the IP Design File
	PLL Generation Example

	3.3.2 DLL
	IP Generation Files
	Design File for the Gowin Primitive DLL Instantiation
	Instantiation Template File for the IP Design File
	DLL Generation Example

	3.3.3 OSC
	IP Generation Files
	Design File for the Gowin Primitive OSC Instantiation
	Instantiation Template File for the IP Design File
	OSC Generation Example


	3.4 User Flash
	IP Generation Files
	Design file for the Gowin Primitive User Flash instantiation
	Instantiation Template File for the IP Design File
	User Flash Generation Example

	3.5 I3C
	IP Generation Files
	I3C Design File Instantiation
	Instantiation Template File for the IP Design File
	I3C Generation Example

	3.6 SPMI
	IP Generation Files
	SPMI Design File Instantiation
	Instantiation Template File for the IP Design File
	SPMI Generation Example



