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1 Preface

This book is designed as a practical and educational guide for students, engineers, and makers
who are beginning their journey into digital circuit design and FPGA development. Centered
around the Onekiwi 1P5 FPGA development board, the content is tailored for hands-on
exploration of hardware modules using Verilog HDL and the Gowin EDA tools.

As embedded systems and programmable logic continue to shape the future of electronics,
it is essential to equip learners with both theoretical foundations and real-world implementation
skills. Through structured chapters, each focused on a specific module—such as counters, UART
communication, video interfaces, memory access, and display drivers—this book bridges the gap
between learning and doing.

This is the first edition of the book, and while it lays the groundwork with a range of funda-
mental and advanced projects, it is also a work that will evolve based on feedback, technological
changes, and the growing needs of the FPGA education community.

The FPGA 1P5 board was chosen for its accessibility, affordability, and robust support for
industry-standard design workflows. All designs in this book can be simulated, tested, and deployed
using the Gowin IDE and supporting tools like ModelSim, making it ideal for both classroom and

self-guided learning.

I sincerely hope this book serves as a useful companion on your FPGA development journey, and

I welcome all comments and contributions for future improvements.
Ho Chi Minh City, July2025

Author,
Dinh Xuan Quang

FPGA engineer at Onekiwi semiconductor
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2 Creating project led blink with Gowin EDA tool

e Double-click the Gowin icon to lauch the Gowin software.

Figure 1: Gowin EDA tool

e The startup screen in Gowin is divided into 4 sections, as follows:

— (1) Recent projects: Processes that have been opened recently.

— (2) Quick Start: Quick Start, including New Project, Open Project, Open Example
Project

— (3) Tools: Tools, including FloorPlanner, Timing Constrains Editor, Programmer (data
flow configuration or download)

— (4) User Manuals: User manual, click to enter the product introduction of the official
website of Gowin.

W GOWIN FPGA Designer - [Start Pagel - O
, File Edit Project Tools Window Help - &8 %
L EHE = — i L ]
|_|. i i — j'e 4 ) ili_‘ m::r
Recent Projects: | Quick Start 9 ~
Iwds_video l 5
Hidownload\Gowin_L\ Ifz‘ = =
Ivds_video . . :
Idownload\Gouin L\ New Project... Open Project... Open Example Project...
MIPI_RefDesign
HAD1_gaoyun\ymipi\Go Tools 3
MIPI_RefDesign
H:A01_gacyun\ymipiyGo N— o
i 10
di video il X i
HA01_gaoyuniCombat FloorPlanner  Timing Constraints Editer  Programmer
sytech_lvds2mipi
HA01_gaoyun\GAD_G
sytech_lvds2mipi User Manuals 4
HAD1_gaoyun\GAC_GV
MIPI_RefDesign E E E
HAD1_gaoyuniymipihGe
dk video Manual for LitleBee  Manual for Arora  Manual for Arora-V
1A\01_gaocyun\Combat " o
Start Page B

Figure 2: Gowin EDA tool
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e Click the New Project,the New dialog box will appear, as shown in Figure 3 below, click the

OK button.

W New
v Projects

3 FPGA Design Project

Create a FPGA design project.
You will be able to add or create RTL sources, run synthesis,
place & route, and program your device.

Cancel

Figure 3: Creating project interface

e The Gowin wizard will appear fill the project name and project path,then click to next.

A7 Project Wizard X

Project Name
E» Project Name

Select Device Enter a name for your project, and specify a directory where the project will be stored. The

Summary directory will be created if it doesn't exist.

Name:  fpga_project_1

Createin: C\Users\Admin\OneDrive\Desktop\FPGA

Use as default project location

Cancel

Figure 4: Filling name and path project

e The Select Device box will apppear,you can find your specific FPGA chip model used in

design base on series,package,device,speed,device version.Then choose your chip and click

OK.Our board is :GWIN-UV1P5QN48XFC7/16.

o Project Wizard X
Select Device
Project Name
> SelectDevice  Specify  target device for your project
Summary (e
Series: GWIN | Package  QFNSXF v
Deviee: GWIN-1P5. v Spesd:  CUA6 v

Device Version:

o verson numbaris sl verson

Search: ¥ (0 matches)

Part Number Device Device Version Package  Speed  Voltege

< Back Cancel

Figure 5: Select your device

CREATING PROJECT LED BLINK WITH GOWIN EDA TOOL
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e The summary of your chip information will appear for you to check it,then click back if you

want to change your chip or finish.

& Project Wizard X
Summary
Project Name
Select Device Project
@ Summary Name: fpga_project

Directory: C:\Users\ADMIN\Downloads\enskiwi_fpga_board-maim\onekiwi_fpga_board-main\fpga_1Pt
Source Directery: Ci\Users\ADMIN\Downloads\onekiwi_fpga_board-main\onekiwi_fpga_board-main\:
Implementation Directory: Ci\Users\ADMIN\Downloads\onekiwi_fpga_board-main\onekiwi_fpga_boar

Device
Part Number: GWIN-UVIPSQN4BXFC7/16
Series: Gh!

Device: GWIN-1PSC
Package: QFN4BXF
Speed: €7/16

< Back Cancel

Figure 6: Summary information

e Next, you will see the Gowin design interface.

{4/ GOWIN FPGA Designer - [Design Summary] - 8 x
File Edit Project Tools Window Help -&x
> 2 8 QA:.: (@ & B
=] % & M:-:ER @ Ee S
Design 8 x
v & foga_project 1 - [CAUsers\.. Project File: Ci\Users\admin)\OneDrive\Desktop\FPGA\fpga._project_1ipga_project_1.99r]
[E] GWINSR-LV4CQN48PC. St oo Gowinsynthesis
Target Device
part Number. GWINSRAVACQUASPCT/IS
Series: GwinsR
Device: GWINSRAC
Package: QFvase
Speed Grade: s
Core voltage: w
Design  Process  Hierarchy v Start Page Design Summary a
Console 8 x

%

Console  Message

Figure 7: Gowin design interface

2.1 Counters for sequential logic circuit design

A counter is a digital circuit whose core component is the flip-flop, used to count input pulses.
The maximum number of pulses it can store is called its modulus. Counters are essential in appli-
cations like frequency division and timing, and they come in various types based on their counting

method (binary, decimal, or arbitrary base), clock source (synchronous or asynchronous), and
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counting direction (up, down, or reversible). In Verilog HDL, which is a hardware description lan-
guage used to design actual circuits rather than write software code, counters are implemented
using elements like adders, comparators, registers, and selectors. An example application is using

a counter to control LED flashing.

ADD MUX2_1

:69—» ASEL
1'b1

ou D 5
25’0 —————(8 coipeg) | FOU

Q >
clk > 25 d2479997999! ==} > CE g led o
CLR clk —>>
CLR

reset_n (I)

T

reset_n

Figure 8: The counter controls the LED logic circuit diagram

From the above analysis, the schematic diagram of the module interface of this design can be

obtained, as shown in Figure below:

clk I
led

bin_counter
reset_n

— 0y

Figure 9: Schematic diagram of the counter module

The functions of each port are described in Table below:

The name of the port | I/O | Description of the port function

clk I The module’s operating clock is 27MHz,

reset n 1 Module reset, low level reset

led O LED control terminal, the LED light is on when the output is low

Table 1: Table of binary counter description module

2.2 Creating verilog file

Then you will create verilog file by clicking on the toolbar or click File->New,choose Verilog
File,then click OK.
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7 X
Design -

—| | ¥ Projects
v [ led flash —

") FPGA Design Project
GWS,
v Files

E‘ VHDL File

Lé Physical Constraints File
l:ﬁ‘ Timing Constraints File

Create a Verilog HODL file.

3

Figure 10: Add the Verilog source file

Fill the name and path of the verilog file then click OK.

w New Verilog file

? X
Name: Ied_tesﬂ v 4
Create in: Imin\OneDrive\Desktop\FPGA\fpga_project_1\src Browse...
Add to current project

Figure 11: Fill name and path of verilog file

After that, we can see the new folder Verilog Files include file verilog we just create

- 8 x
_Ex

Figure 12: Verilog design interfaces

Coding example:

Listing 1: LED blinking after 1s deplay example

module led_flash(
input clk,

input rst_n,

CREATING PROJECT LED BLINK WITH GOWIN EDA TOOL
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output reg led,
output reg ledl

);
reg [25:0] cnt;
always @ (posedge clk or negedge rst_n)
begin
if (!'rst_n)
cnt <= 26'dO;
else if (cnt < 26'd26_999_999) // Assuming a 27 MHz clock, this counts ~1 second
cnt <= cnt + 1'bl;
else
cnt <= 26'd0;
end
always @ (posedge clk or negedge rst_n)
begin
if (!rst_n) begin
led <= 1'bO;
ledl <= 1'bl; // LED1 starts OFF, LED2 starts ON
end
else if (cnt == 26'd26_999_999) begin
led <= Tled;
ledl <= ~ledl; // Toggle LED1 opposite to LED
end
end
endmodule

2.2.1 Synthesize

Using ctrl+S or click file on taskbar and choose save your verilog file. Then click to process like

the figure below.Next double-click to Synthesize or click icon run synthesis on the taskbar .If your

code has errors there will be icon red on the synthesis and system will show your message error

below,else there will be green icon in the syntheis.
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Sarerage Design Summary

Figure 13: Synthesis process

Consulting:the tool just check syntax errors, if your design have logical errors,system can not
show message errors, for example: incorrect connections between modules.However,you are pro-
vided provided with the function of viewing RTL design analysis, click Tools->Schematic Viewer-

>RTL Design Viewer in turn, and then you can see the RTL description and analysis stage.

8 x

Startpage Design Summary 7] e sty RIL Design Viewer a

pga_project_1\inpl pga_proje
\Desk Lop\FPGA\Fpga project T\impl\gusyntiesis\fpga project 1

Figure 14: RTL Design Viewer

2.2.2 Hierarchy

You can choose Hierarchy near process to see information about your modulE include: Regi-

esters, LUT,ALU,BSRAM,SSRAM
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7 Fie Edit Project Tools Window Help

2 2 Q8 :.: [ o
] = | e 0 H 28 MH:-:EX @8-
Hierarchy 8 x|[ Imodule
2 in
= @ Update 3
4
Unit File Register LUT ALU BSRAM SSRAM H
led sclled testy  2525) 545 00)  0(0) 0 6
oL

16 | end

18 Blalways

25 |end

27 puonods

Design Pm(essl H\Erar(hyl

Figure 15: Hierarchy information

In the hierarchy window, we place the mouse over the verilog file, right-click on the file, and

set the file as the top-level file, as shown in below Figure.Once this is set, the file name will be
bolded, and the synthesis will be re-analyzed

A GOWIN FPGA Designer - [CAUsers\Admin\OneDrive\Deskiop\FPGA\fpga_project_1'
7 file Edit Project Tools Window Help

O

8 x

Hierarchy

= # Update
Unit file Register | LUT | ALU  BSRAM _ SSRAM Unit File Register LUT ALU BSRAM SSRAM
led “ 0 00 00 led srlled testv  25(25) 5454) 0()  0(0)  0(0)

Goto Module Instantiation
Goto Module Instantiation With..

Goto Module Definition
Goto Module Definition With.

Pack User Design

Set As Top Module
Clear Top Module

Design  Process  Hierarchy Design  Process Hierarchy

Figure 16: Hierarchy set

2.3 Physic constraints

2.3.1 FloorPanner

Clicking on Process->FloorPanner for physical constraints or clicking directly on toolbar,as

shown in figure below

CREATING PROJECT LED BLINK WITH GOWIN EDA TOOL Page 13 / 88



OneKiwi Technology

A/ GOWIN FPGA Designer - [Design Summary]
File Edit Project Tools Window Help

[ = 5 e «
Process 8 x
1/ Design Summary
= Project File: Co\Users\A
~ [ User Constraints
- Synthesis Tool: GowinSyntl
7 FloorPlanner
7 Timing Constraints Editor
Synthesis Report e SWINSR
Netlist File Device: GWINSR-4
™ &8 Place & Route Package: QFnasp
Place & Route Report Sl e
Timing Analysis Report GrovaET v
Ports & Pins Report
Power Analysis Report
1% Programmer
Design  Process  Hierarchy v Start Page

Figure 17: Choosing floorPanner

Then the dialog box will appear, t since we don’t create a new .cst file to store the physics

constraints, a dialog box will pop up asking if we need to create a .cst file, here we can directly
click OK.

W

o‘ This project doesn't include CST file(*.cst), do you want to create a default
| & one?

Cancel

Figure 18: The Create Physics Constraint File dialog box is displayed

Next,go to the FloorPlanner page, click I/O Constraints, perform I/O constraints, and then
assign pins and level standards according to your board
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a
1t @
B X packageview 0
! 48 47 48 43 42 41 40 3
(-] eeece-090
® =
e
® =
@ »
S s
e
(=]
- 00060000 -0
1314 15 16 17 18 19 20 21 22 23 24
stiist
Direction Diff Pair Location Bank Exclusive 10 e Drive Pull Mode pCl
input 4 H False LVCMOS33 v ¢
input 35 1 False LVCMOS18 up «
output 2 1 False LVCMOS18 8 NONE
output 27 1 False LVCMOS18 8 NONE

Figure 19: /0 constraint interface

After you fill the location,click Save icon on the taskbar,then a file .cst will be created in

Physical Constraint Files folder in design part.

Design 8 x 1 Corporation.
2
~ led_flash - [C:\Users\ADMIN\Downloadsho... 3
E] GWIN-UVIP3ONASXFCT/16 2
v Verilog Files &
% 7
8
= srcled_flashwv -]
v Physical Constraints Files 10 TO_IOC Mledl® 28/
11 I0_PORT "ledl"™ IO TYPE=LVCMOS518 PULL MODE=NONE DRIVE=8 BANE VCCIO=1.8:
= src\led_flash.cst 12 IO _LOC "led" 27;
13 IO _PORT "led" IO TYPE=LVCMOS18 PULL MODE=NONE DRIVE=E BANK VCCIO=1.8;
14 I0 LOC "rst_n" 35;
15 1I0 PORT "rst_n" IO TYPE=LVCMOS1E PULL MODE=UP BANK VCCIO=1.8;
16 IC_LOC "clk" 4;
17 IC_PORT "clk" IC TYPE=LVCMCS33 PULL MODE=UFP BANK VCCIC=3.3;
18

Figure 20: View the contents of the physical constraint file

2.4 Place and Route

We click Process->Place and Route to place and route, after the place-route is successful, we
can see "Bitstream generation completed", if it fails, please modify it according to the prompt

information given in the Console
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Connect your device to your

% GOWIN FPGA Designer - [CAUSeTS\AAmin\OneDrive\Deskop\FPGAfpga. project Tsrcvled testy]
Fle Edit Project Tools Window Help

process s x
) Design Summary
T User Comstras
§ Foorpiamer
Timing Constrsints Eitor
~ O syntvesize

sys_clk or negedge sys_rst_n) begi
Synthesis Report ys._ gedge sys_rst_n) beg

Power Analyss Report
3 programmer

negedge sys_rst_n) begi

23 else if (counter ==
ed <= ~led:

25 | end

27 ondmodule

Design  Process _ Hierarchy 7 StartPage Design Summary

Console
[95%] Timing analysis completed
Placement and routing completed

o
Bitstream generation completed

\Users\Admin\OneDrive\Desktop\FPGA\Fpga_project_1\impl\pnr\fpga_project_1.rpt.txt" completed
\Users\Admin\OneDrive\Desktop\FPGA\fpga_project_1\impl\pnr\fpga_project 1.tr.html" completed

Figure 21: Place-and-route successful

2.5 Board-level validation

A GOWIN FPGA Designer - [C:\Users\Admin\OneDrive\Desktop\FPGA\fpga_project_1\srciled_testv]
File Edit Project Tools Window Help

] = rH A&

Wee ¢

p— TBmodule led (
2 s
[ Design summary 3
[ User Constraints :
 FloorPlanner g P
¥ Timing Constraints Editor 7
v @ Synthesize 8 reg [23:0] ¢
8 Balvays 6 (pos
Synthesis Report 10 it (1sys
Netiist File 1 coun
. 12 else if
v © Place &Route
° 13 coun
Place & Route Report 14 else
Timing Analysis Report 1s coun
16 |end
Ports & Pins Report ]
ysis Report 18 Balways @ (pos
1 (leys
20 led
21
22
23 else if
24
25 |ena
26
27 endmodule
28

Design  Process  Hierarchy ] Start

Figure 22: Programmer image

computer, then click on the Programmer in process.

After that, the following figure interface will pop up indicating that the device has been de-

tected, and then click save. If you see No USB Cable Connection, check your hardware connection.

CREATING PROJECT LED BLINK WITH GOWIN EDA TOOL
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Cable Setting

Cable: Gowin USB Cable{GWU2X) -
Port: Gowin USB Cable(GWUZX)/0/19/null  ~
Frequency: 1.33 MHz -

Custom LPT Query/Detect Cable

Do NOT show at startup

Save Cancel

using ft2xx driver

Figure 23: A configuration prompt has been detected

Clicking on Programmer/configure to download the fs file to the FPGA chip.After the download

is successfull, the message will be printed.

Gowin Programmer Version V1.9.11 (64-bit) build 41225 W

File Edit Tools About

Q8 ) USB CableSetting

Enable Series p|Program/Configure| operation Fsfile UserCode | IDCO)
10 GWINSR GWINSR4C  SRAM Program .DATE CODE GITLAB/onekiwi fpga board/fpga_4k/ 000003444 0100981
El D
Output e
o onuy 3
Info  Target Cable: Gowin USB Cable(GWU2X)/0/19/null@1.33 MHz
Info  Target Device: GWINSR4C(0x01009818)
Info  Operation "SRAM Program’ for device#1...
Ifo  UserCodeis: 000003444
Info  Status Codeis: 0x0003F020
Info  Finished.
Info  Cost21 second(s)
Ready

Figure 24: Download the fs file and a message indicating that the file is successfully downloaded

Observation phenomenon: At this time, we can see that the corresponding LEDO light on the
development board is flashing, which means that our experiment is successful. At this time, we

can see that after the program is downloaded, the Led is blinking after 0.5s.
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3 Gowin and Modelsim simulation experiments

3.1 Modelsim compiles the Gowin device library

Gowin’s IP CORE or primitives are only used in the corresponding development platform,
and the third-party tool Modelsim cannot obtain the internal running logic results of Gowin’s
IP CORE, so it cannot be directly simulated, and the Gowin library needs to be compiled. This
chapter begins with a tutorial on how to compile a Gowin library, which needs to be done the first
time you use the Gowin FPGA, and the compiled library can be used at any time without having

to compile it before each simulation.

3.1.1 Create a new Modelsim library

e Open the ModelSim software and click the [File]-> [Change Directory] option in the menu
bar to enter the path switching page.

™ Modelsim - INTEL FPGA STARTER EDITION 10.5b
Tiew iR AT ™

Open...
Load

>
Impart L /modelain sze/tcl/veinioret. oc
Export

Save Transcrpt As.

Figure 25: Go to the Path Switching page

e On the Select Folder page that opens, navigate to the Modelsim software installation direc-

tory,then select folder

B toisi
=4/
53 ame
=)y quangisns
;,Q inteFPGA
@ 01
]
(3 modelsim ase
(3 wninstal

Ditectory paih-
/home /quang 1806/ intelFEGA/20.1/modelsim_ase

oK Camcel

Figure 26: Path of modelsim folder
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e Next step, choose FILE->new library.In the interface that opens, select the first item "a new

library", "library Physical Name" and enter the library name,click OK, as shown below.

Create

& anew lbrary
¢ amap to an existing library

€ anewlibrary and a logical mapping to it

Library Name:

Library Physical Name:
gwln

ok | cancel |

Figure 27: Create a new library

e If a gwln(empty) library appears in the library list, and the path is the location set earlier
(in the root directory of the project), the new library is complete.

[

Figure 28: The new library is completed

3.1.2 Compile Gowin’s device library files

e (Click Compile -> Compile in the menu bar to open the compilation library file interface.

M ModelSim - INTEL FPGA STARTER EDITION 10.5b

File Edit View Compile Simulate Add Library Tools Layou
J EI T @ L
J ColumnLayout |p1

i Library ——

¥|Name

=l cydoneive_v
da .

2 Compile... i o ME v
Compile Options...

SystemC Link...

L_TECH/../alterafverilog/cydo
Figure 29: Open the Compile Library file interface
e You must select library as the gwin we just created, and then modify the library path of the

gwba series device with the file path to Gowin EDA software, specifically:
", ..\GowinV1.9.9.11x64\IDE\simlib",
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= Local Disk (C:)
Gowin
Gowin_V1.9.11.03 x64
IDE
simlib
gwln

Figure 30: Locate the Gowin series library file

e Under this path,find the prim _sim.v file and click the Compile button to start compiling, as
shown in Figure below. At this time, the transcript window of Modelsim will quickly refresh
the compilation process information, and after the compilation is completed, click the Done

button to complete the compilation.(Remerber to check name of the library)

S| [= =4
Date modified Tpe
62020251005 AM  VFile
62020251005 AM  Hard
62020251005 AM  Hard
6242051029AM  VFile

Tha PC
Nefwork
Fle name:
Fies of type:
™ Compie selected fes ogether __ Defauk Optons. Edit Sauce

Figure 31: Locate the library file to compile

e Once compiled, the Transcript interface will display O errors, 0 warnings, and a variety of

components under the gwba library, as shown in Figure below.

Library  C:jinteFPGAf20. 1/gwin

CLEDIVG

I AL Modue  C:/Gowin/Gowin_V1.3.1L.03_X6/IDE...
] ALUS4D Module C:/Gowin/Gowin_V1.9.11.03_x64/IDE...
1] BANDGAP Module C:/Gowin/Gowin_V'1.9.11.03_x64/IDE...
eurs Modue  C:/Gowin/Gowin_V1.3.11.03_X64/IDE...
] BUFS Module C:/Gowin/Gowin_) 11,03 _X64/IDE...
{1/] CLKDIV Module C:/Gowin/Gowin_V1.9.11.03_x64/IDE...
1] cukom2 Modue  C:/Gowin/Gowin_V1.9.11.03_Xx64fIDE...
1] CLKDIVG Module C:/Gowin/Gowin_) 11,03 _x64/IDE....
[ occ Modue  C:/Gowin/Gowin_V1.3.1L.03_X64/IDE...
1] pcce Module C:/Gowin/Gowin_V1.9.11.03_x64/IDE...

7DCs Module C:/Gowin/Gowin_V'1.9.11.03_x64/IDE...

IR Transcript

+ .

+ FLASHE4K

+

+

i

+

+

+

+

+

i

+ o

id DC

id FLASH9EKR

[+ MIPI_DPHY_RX

+

i

EWRGRD
4 End time: 14:20:16 on Jul 29,2025, Elapsed time: 0:00:00
| Errors: 0, Warnings: 0

Figure 32: The series device library has been compiled
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3.1.3 Add a library to the Modelsim default library list

e Find the installation location of Modelsim, this is a read-only file, right-click to select the
Modelsim.ini file, click Properties, and check the read-only attribute in the property settings

interface.

modelsim.ini Properties X

General  Security Details  Previous Versions

modelsim ini

Typeoffile  Configuration settings ( ini)

Opens with B Nowepad Change...

Location C\intelFPGA\16 Tymodelsim_ase
Size 15.0KB (15405 bytes)

Size ondisk.  16.0 KB (16,384 bytes)

Creatsd Waednasday, May 29, 2024, 45421 PM
Modified Tuesday, October 25, 2016, 5:31:10 AM

Accesse: d Today. June 6 2024, 2 howrs ago

Atributes B Read-only | [ )Hidden Advanced

Cancel

Figure 33: Removed the Moderssim. Ini’s read-only attribute

e Then open the file with Notepad or Notepad++, and then about 17 lines of the file, add the

specified statement of the gwin library:
gwin = $MODEL_TECH/../gwln

and save as shown below.

[Library]

std = EHCEE:_TECHI..ISEd

iesgs = EMCDEL TECH/../ieee

verilog = SMCODEL TECH/../werilog

vitalzooo EHCEEL_TECHI..Ivita;EHDH

std developerskit = SMODEL TECH/../std developerskit

TE

synopsys = SMODEL TECH/../synopsys
modslsim 1ib = $MODEL TECH/../modelsim lib

5v_std = SMODEL TECH/../sv_std
gwin= SMODEL TECH/../gwln

Figure 34: Add the GW5a library file path

e Restore the read-only properties of modelsim.ini. Now that we’ve covered how to compile
the library for Gowin 5A series FPGAs using Modelsim, and the 1N and 2A series devices
can also be compiled in the same way, and then we can use Modelsim to create simulation

projects and simulate design projects.
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3.2 Modelsim simulation validation process
3.2.1 Write Verilog simulation design code

e Create a verilog file name led flash tb in gowin,

\Az New Verilog file ? X

Name: Ied_flash_tb| AY v

Create in: ers\Admin\OneDrive\Desktop\FPGA\led_flash\src Browse...

Add to current project
Cancel

Figure 35: Create simulation file name

e Coding example:

Listing 2: Testbench for led_ flash

“timescale 1ns/l1ns
module led_flash_tb();
reg Clk;
reg Rst_n;
wire Led;
led_flash led_flash(
.clk(Clk),
.rst_n(Rst_n),
.led(Led)
);
initial Clk = 1;
always#18.519 Clk = ~“Clk;

initial begin

Rst_n = 0;
#201;
Rst_n = 1;
#200;
#100000000;
end
endmodule

e Then remember to run synthesis to check error.
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3.2.2 Create a Modelsim project and add simulation files

e Open Modelsim and create a new project in Modelsim. Select File->New->p roject, as shown
in Figure below.

p MaodelSim - INTEL FPGA STARTER EDITION 10.5b
Edit View Compile Simulate Add Library

E Folder
Open... Source K
Load »
Close 1Drary'. ..
Import LS Debug Archive...
R =

Figure 36: Establish a Modelsim project

e We name the project as the corresponding project name "led flash", "Project Location"
is the project path, click "Browse" to set, according to the needs of us save the simulation

project to our design project, create a new sim folder and select, as shown in Figure below

ﬁ Create Project 5 BwsFur Fusa

Brawse tn reciory home for New Project

Project Location
C:/intelFPGA/16.1

Default Library Name
work

Copy Settings From

modelsim_ase/modelsim.ini Browse...
¥ Copy Library Mappings ( Reference Library Mapglngs a
Foider: an
=T -

Figure 37: Modelsim project settings

e After that choose "Add Existing File"

M Add items to the Project b

Click on the icon to add items of that type:
Create New File Add Existing File

Create New Folder

M

Create Simulation

Close |

Figure 38: Add File to Project dialog box

e Seclecting the Browse to select the project design file "led flash.v" and "led flash tb.v", to
add .
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ﬁ Add file to Project x M elec s 1o edd 1o progs 'Y
- Lookin [= e
File Name
Browse. 1 -
& led flashy
1 o= & led_flash, thiv
——Add file as type Folder M.m
default | Top Level -

(% Reference from current location " Copy to project directo _
| ok | ot | e
s -

3

File name: [Fed_flasn te v led flasnv™ I | |
Fiescftype:  [ADL Fles (v." v “vho." vhd “vho bd “wo *_v] Canzel

Figure 39: Select the file to add

e After the addition is complete, you can see the project files we added in the Modelsim.

ﬁ MaodelSim - INTEL FPGA STARTER EDITION 10.5b
File Edit View Compile Simulate Add Project Tools Layout Bot
by, A B = ‘

J ColumnLayout [211Columns ~ l

4] Project - C: L Ak /Desktop/FPGAfled_flashjsimled_flast
;|—Name |SmluiTvpe |0rdeiMudlﬁed ‘
led_flash.v ? Verilog 1 06/06/2024 03:55:11 ...
led_flash_tb.v ? Verlog 0  06/07/2024 08:53:45 ...

Figure 40: Ajfter the file is added, the diagram is displayed

3.2.3 Compile the simulation file

e There are two ways of compilation: the first is Compile Selected, the function of compiling
selected files requires first selecting one or several files, and the translation of the selected
can be completed after executing the command; The second is Compile All, which compiles
all the files in the project in the order in which they are compiled. Here, we choose to compile

all files and select Compile->Compile All, as shown in Figure below:

™ ModelSim - INTEL FPGA STARTER EDITION 10.5b
File Edit View Compile Simulate Add Project Tools Layout Be

J_]B«ﬂ i #E N

J ColumnLayout [A11Columns - I

Project - C:/L. i PGA/fled_f |_flh ——
w|Name StatusType |Orde{Modified

I led_flash.y 06/06/2024 03:55:11
1 06/07/202408:53:45 ...

Compile Compile Selected
Add to Project » Compile All

Remove from Project Compile Out-of-Date
Close Project Compile Order...
Update Compile Report....

Compile Sur
Properties. .. omel summary.

Project Settings... Compile Properties...

Figure 41: Compile all project files

e After compilation, the status at the end of the file changes indicates that the compilation has
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passed. The "Transcript" below also indicates that the file has been compiled successfully.

ot o 0t

Figure 42: Compile all project files

3.2.4 Configure the simulation environment

e We right-click in the project status bar, then select "Add to Project"-> "Simulation Config-

n

uration..." and click on it

™ ModelSim - INTEL FPGA STARTER EDITION 10.5b
Fle Edit View Compile Simulaste Add Project Tools Layout Bookmarks Window Helj

|8-s REDTO-MEF
o

: E]|
i Projec 1 flashsimed_flash
¥Name StatutType |Orde{Modified |

P led_flash.v Veriog 1 [REN
Y led_fiash_th.v  Veog0 | .

Compie »

Add to Project NewFie...

Remove from Project | Existing Fie...

Close Project Simuaton Configuraton...

Update Folder...

Propertie...
Project Settings...

Figure 43: FEnter the operation diagram of configuring the simulation environment

e In Add Simulation Configuration page, select the "led flash tb" module in the work library
as the top level of the design in the Design tab page, and click Copy Module Name as the
name of the simulation configuration "Simulation Configuration Name" to ensure that the
naming is consistent, as shown in Figure below. In complex engineering design, we can design

multiple different simulation configurations at the top level to simulate and test the project

™ Add Simulation Configuration X

Place i Folder
Top Level v AddFader...

Deson | woL | verlog | Leaves | soF | others | o
{Name. [type_[path B
=i work Lbxary  C:/Users/Admin/OneDrive Desktop . |
1 e flash Mode C:/Users/Admin/OneDrive Desktop/FP.
- Modde  C:fUsers/Admin/OneDrive Desktop/FP.
e Lbrery  SMODEL_TECH../ahtera/vhd/220model
o 220model ver 1 Lbxary  SMODEL_TEGH)../altera/veriog/220m.
o4 atera Lbrary  SMODEL_TECH../alteravhdialtera
-4 atera_nsm Lbrary  SMODEL TECH../altera/vhdaltera .
s# oteraosm_ver  Lbrary  SMODEL TECH]. Jaterajverioglatera.
peir gl Lbrary  SMODEL TEGH). /aheraluhdlatera_nf
s i oteramfver  lbrary  SMODELTECH). jaterajverioglatera..
-4 atere_ver Lbrary  SMODEL_TECH../alerajveriog/shera B
Desin Unit(s) Resaluton
rork.1ed_flash_tb defaulc  wi
2 Save | Cancel

Figure 44: Simulation environment interface configuration 1

GOWIN AND MODELSIM SIMULATION EXPERIMENTS Page 25 / 88



OneKiwi Technology

e Click on "Optimization Options...",(If your version has) and in "Optimization Options.."

Select "Apply full visibility to all modules(full debug module)" in the settings bar and click
HOKH.

zl

visbitty | Lrares | Optons | Coverage |
‘Design Object Visbility (+acc)
 No design object visbity
2| Apply full visbilty to all modues(full debug mode)
© Customized visilty

odde [hccessiogs

[Chicren Add

o]

_oeee |

Ll

Design Unit(s) 3 Cancel

‘Optimization

¥ Enable optimization 1 optmization optrs.. || | =

Figure 45: Simulation environment interface configuration 2

e Click on the "libraries" tab and click on "Add..." in the "Search libraries(-L)" section. Add

the new library file "gwln", select the library file "gwln" in "Search Libraries First(-Lf)" as
well, and finally click "Save" to save the settings, as shown in Figure below.

oesn | ot | veog  Lbrrs | or | ovrs |
Search Libraries ()

frern

]

SelectUbrary
— | [g1n ] Browse...
Search i

fren

Figure 46: Simulation environment interface configuration 3

e After the above steps have been completed, and after saving the configuration, we can see

that the simulation configuration file "led flash tb" is generated in the "project" column

™ ModelSim - INTEL FPGA STARTER EDITION 10.5b
File Edit View Compile Simulate Add Project

Tools Layout Bookmarks Window Help

By @
J ColumnLayout |111Columns
[#4 Project - C: lUsers/Admi i _fiash/sim/led_flash
v\Name \StatuJTwe \Orde‘Mod-ﬁed \
Verilog 1 06/06/2024 03:55:11 ...
& led_flash_th.v  \Verlog 0 06/07/202408:53:45 ...
™ led_flash_th

Simu...

Figure 47: Schematic diagram of successful generation of simulation file
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3.2.5 Simulation interface waveform observation

e We first need to double-click on the newly generated simulation file "led flash tb" to enter
the "sim" field

e ot oyt o .
[Bten B w

Figure 48: Enter the SIM interface

e In the "sim" interface, we can add the waveform of the module we want to observe, select
the module, right-click and select "Add Wave"

14 1
{] sim - Default e i +| | x| | Objects
'F|Ir1513m:e |Design unit |Design unit type |Tu|:| Category |'l.|"|sibilit5-' |Tu13| coverage
B F led_flash_tb led_flash_tb  Module DU Instance .
+ @l led_flash led_flash Module DU Instance +acc=...

o FINITIAL#13 led_flash_tb  Process - +acc=...
o EALWAYSE14  led_flash_th  Process - +acc=...
o =INITIAL#15 led_flash_tb  Process - +acc=...
|’ #vsim_capacity# Capacity Statistics +acc=...

Figure 49: Add the module waveform that needs to be observed

e After adding the waveform, go back to the "Library" column, right-click on "Walker" and
click Updat to update the led flash tb" file in the "Work" bar, as shown below.

Figure 50: Update the work bar
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e Click Run all to start running the simulation

M ModelSim SE-64 10.7
ile Edit View Compile Simulate Add Objects Tools Layout Bookmarks Wind
B-sBeE] L RE N ME,_‘ Help ol v

|- 4 | EF[ 100 nsf ELE J'ﬂw JJ@‘

It .2

Layout [Simulate vl

ColumnLayout Default !1 ‘

A2 @-3[[[1 [owm &[] a4l

Figure 51: Start the simulation

e We will then jump to the Wave window, wait for the program to run for a while, and then

we can see the waveform change.

Figure 52: Observe the waveform

e If you want to stop running, click on the toolbar at the top of the Wave window, and
start again, at this time, click "Zoom Full" to quickly observe the waveform, if you want to
understand the function of each button in the toolbar, move the mouse over the button, you

can see the explanation, such as continue to run the simulation button.

Qw.we

File Edit View Add Format Tools Bookmarks Window Help

e et —— nf b - - . ,-—.-_——-._-—-—-—-—-——"—""—————————————————u:

‘ -2l & tle@02 -4 | B | Go[sEl- 4 dms | BF 100 as M EUEI[EL N & | 0 Ty O | tar ¥,
‘ o B | van x| qqen [[centinsenn]

Figure 53: Wave interface tool button function view

e During development, after making changes to the design file, click Save and check that
the syntax is correct before re-running the program. In Modelsim, we enter the "Library"
interface, re-"Recompile" the "led flash tb" and "led flash" in the "Work" directory, and
reload the simulated waveform

3.2.6 Save the waveform file

e First of all, the first step is to save the dataset sim, open the sim window, and click file->save

dataset sim or Click Save .wlf file on the SIM page and name the file as follows.
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Figure 54: Saving the .wif file

e In the second step, the Wave interface saves the waveform. After clicking the save icon, the

waveform file "wave.do" will be saved in the project’s simulation file sim by default.

ayout Bookmarks Window Help

| Bl ¢ @ i

{E sim - Defauit —
Yirstance || SRS
=8l led_flssh_th

@ #ALWAYS{ [Save contents

sl led | 7 waveform formats [ wisveform edits
\g #vsim_capacit

oK Cancel

Figure 55: Save the waveform file

3.2.7 Reopen the simulation project

e After closing the simulation, the user needs to reopen the simulation by opening the .mpf
file

> J > Quang-Personal > Desktop > FPGA > led flash > sim >

N sort = View
Name Status Date modified Type
work z 2024 10:28 A
[ ted_fiash.crmti 5]
[ ted_fiashwit ] 6/7/2024 11:09 AN
] transcript z 6/7/2024 11:22 AN

1 vsim.wif

") wave.do o

Figure 56: Reopen the simulation project

e When opening ".mpf" for the first time, the system will not choose to open it with Modelsim

by default, readers need to manually set the way to open the "

.apf" file, and readers who
install multiple versions of Modelsim also need to pay attention to setting the corresponding
version of Modelsim software. If you have saved the waveform file before, after opening the

Modelsim software, click file->all file to open the saved .wlf file, as shown in Figure 5 below
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M ModelSim - INTEL 2 4 Open File X
e Ede
. ; Lokn: [Tam -] « @@
C kT =
LN St Datemodified
Colmtayout [A11CoLw J 67772004 1028 AN
T 67772004 1125 AN
I Prouct m 67772004 1125 AN
ed_fash Destoo 67772004 11:09 A
ed_fsh. v 67772004 1122 AN
M e fish > 67772004 1120 AN
ranes 67772004 1113 AN
ThapC
Netwosk
Fie name. fed_fan ot - -_ow
Fies of type: I Al Fles (") I B Concal

Figure 57: Open the saved .wif file

e Then click file->load->Macro file to open the saved .do file, as shown in Figure below, and

then you can see the waveform file we saved earlier.

14 Ovenformat x
7 ModelSim - INTEL FPGA STARTER EDITION 10.5b
O N b
] v compie smume age o B
ew D D Neme Status Date modified

’ o [+ 6/7/2024 10:28 AV
=] \ Fome 2 i
‘Close Dataset “led_fiash’ -
= ; : .
Export » i
e E
i =
e ey [ ]
= _—
e
k]
-
Fesdvpe:  [WacomesCdona =] Cocel |

Figure 58: Open the saved waveform file
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4 PWM (Pulse Width Modulation) to control LED brightness
A PWM signal has:
e A fixed frequency (e.g., 5 kHz)

e A duty cycle that controls how long the signal stays high in each cycle

4.1 Principle of PWM

PWM, or Pulse Width Modulation, is a control technique widely used in fields such as mea-
surement, communication, and power electronics. Most inverter circuits today use PWM control.
From the figure, we can see that when the signal period is fixed, varying the duration of the
high level changes the duty cycle. In inverter circuits, such PWM signals control the conduction

time of MOSFETS, which in turn adjusts the average power delivered.

10.00 -
4000 — - AN _,1| IJ‘m|,_

|

‘ 1

1 Sik.00 | 500 |
| | |

45.00

25.00 25,00 25,00 2500 5.00 5.00
‘ | | ! | 3% w3

|t
|
|

=1

5000 1 5000 | | S0.00 | SOF

Figure 59: PWM waveforms with different duty cycles

Through the above analysis, it can be seen that to design a PWM generation circuit, it is
necessary to achieve the adjustment of the signal’s frequency and duty cycle. In microcontrollers
or DSPs, the method to generate a PWM wave is to use the on-chip timer for cyclic counting. By
setting a timing period of the timer, the frequency of the corresponding output PWM signal can
be determined. Additionally, there is a comparator that compares the real-time count value of the
timer with a user-defined comparison value. Based on the comparison result, it controls the output
signal’s level. By setting different comparison values, PWM signals with different duty cycles can

be output.
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Countng Top Value

Output Compare
Value

Timer Count Vall:Je

Counting Bottom
Value

PWM Output Signal

Figure 60: Principle of generating PWM using a timer

4.2 PWM Generator Module Design

clk
—_—®
reset_n
pwm_gen_en pwim _out
pwm_gen

counter_amr

counter_ccr

Figure 61: PWM module design

The signal I/O | Description of the function

clk 1 The module global clock is 27MHz

reset_n 1 Module global reset signal

pwm_ gen en | I PWM generates the module enable signal

counter arr 1 Enter a 32-bit pre-reload value to determine the frequency

counter ccr 1 Enter a 32-bit output comparison value to determine the duty cycle
pwm_out O Receives an end signal

Table 2: Table of module PWM description

The final output frequency of the PWM wave is calculated by:

f clk
counteryy

fpwm =

where counter,,, is the preload value for the decrement counter. The counter counts down from
counter,;; to 1. Therefore, when the desired output frequency is determined, the preload value can

be calculated as:
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fk&

-1
fbwm

countery, =

For example, if we wish to set the output signal frequency to 5kHz:

Folk 50000000
—1=""""""1=10000
Fowm 5000

countery,, =

Thus, setting the counter,,, value to 10000 will achieve an output signal frequency of 5 kHz.
After the PWM output frequency is determined, the output duty cycle is calculated as the

ratio of the output compare value to the preload value. The formula is:

counterccy
PW=——+
counter,,,

Thus, when the output duty cycle is determined, the output compare value can be calculated
as:
counter..; = PW X counter,,,

For example, if the output frequency is 5 kHz and the output duty cycle is 70%:

counter..; = PW x counter,,, = 0.7 x 10000 = 7000

During operation, modifying the pre-reload value sets the frequency of the output PWM signal
and will affect the output duty cycle at the same time, while modifying the output comparison
value in the case of a determined pre-reload value allows the output duty cycle to be set.

Here we write a 32-bit counter to implement frequency control.

always @(posedge clk or posedge reset)
if (reset)
pwm_gen_cnt <= 32'd1l;

else if (pwm_gen_en)

begin
if (pwm_gen_cnt <= 32'dl)
pwm_gen_cnt <= counter_arr; // When count reaches 1, load auto-reload register
value
else
pwm_gen_cnt <= pwm_gen_cnt - 1'bl; // Decrement counter by 1
end
else
pwm_gen_cnt <= counter_arr; // When not enabled, counter equals auto-reload

register value
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Write another comparator, where the output of the comparator is the output of the PWM, to

achieve duty cycle control.

always @(posedge clk or posedge reset)
if (reset) // On reset, PWM output is low
pwm_out <= 1'b0;
else if (pwm_gen_cnt <= counter_ccr) // When count is less than compare value, PWM
output is high
pwm_out <= 1'bl;
else
pwm_out <= 1'b0; // When count is greater than compare value, PWM

output is low

4.3 Simulation

Complete the design above and analyze it until there are no errors. Then add and create a
simulation file named pwm_ge tb.v. In the simulation file, you only need to generate a 50MHz(or
27TMHZ) reference clock source, then provide pre-load values and output comparison values, and

finally enable counting to simulate PWM output. Some of the stimulus files are as follows:

initial begin
reset_n = 0;
pwm_gen_en = 0;
counter_arr = 0;
counter_ccr = 0;
# (" CLK_PERIOD*20 +1);
reset_n = 1;
# (" CLK_PERIOD*10 +1);

counter_arr = 1000; // Set output signal frequency to 50KHz
counter_ccr = 400; // Set PWM output duty cycle to 407

# (" CLK_PERIOD*10) ;

pwm_gen_en = 1; // Start counting to generate PWM output
#100050;

counter_ccr = 700; // Set PWM output duty cycle to 70%
#100050;

pwm_gen_en = 0O; // Stop counting to disable PWM output
counter_arr = 500; // Set output signal frequency to 100KHz
counter_ccr = 250; // Set PWM output duty cycle to 507%

# (" CLK_PERIOD*10) ;

pwm_gen_en = 1; // Start counting to generate PWM output
#50050;

counter_ccr = 100; // Set PWM output duty cycle to 20%
#50050;
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pwm_gen_en = 0; // Stop counting to disable PWM output
#200;
$stop;

end

After designing the simulation files, open the Modelsim project, add the required files, and
then add the port signals of pwm_gen tb to the Wave window for observation. Click to observe

the global waveform as shown in Figure below.

Figure 62: pwm simulation

Zoom in on the local waveform, as shown in the figure below. At this point, the output PWM
frequency is set to 50KHz (counter arr is 1000) and the duty cycle is 40percent (counter ccr is
400), resulting in the simulated waveform. Standard lines can be added using tools in the window
to align with the edges of one cycle of the PWM output. From the diagram, it can be seen that the
low level duration is 12us, the high level duration is 8us, and the total signal period is 20us, which
corresponds to a frequency of 50KHz. The duty cycle is 8/20 = 0.4. This meets the established

design. Similarly, other waveforms can be analyzed.

Cursor 1 0.01281ms

Cursor 2 0.02081 ms
Cursor 3 0.03281ms S
I 1T 1rai [

Figure 63: 50kHz duty cycle 0.4 simulation waveform chart

The following figure shows the simulation waveform when the PWM output frequency is set
to 50KHz (counter arr is 1000) and the duty cycle is 7Opercent (counter ccr is 700). From the
figure, it can be seen that the low level period is 6us, the high level period is 14us, and the total
signal period is 20us, which corresponds to a frequency of 50KHz. The duty cycle is 14/20 = 0.7.
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0.301402ms
0.10681ms
0.12081ms
0.12681ms

Figure 64: 50kHz duty cycle 0.7 simulation waveform chart

The figure below shows the simulation waveform when the PWM wave output frequency is set
to 100KHz (counter arr is 500) and the duty cycle is 50percent (counter ccr is 250). From the
figure, it can be seen that the low level period is 5us, the high level period is 5us, and the total

signal period is 10us, which means the frequency is 100KHz. The duty cycle is 5/10 = 0.5.

0.301402ms.
0.20611ms
0.21111 ms
0.21611ms

Figure 65: 100kHz duty cycle 0.5 simulation waveform chart

The figure below shows the simulation waveform when the PWM wave frequency is set to
100KHz (counter arr is 500) and the duty cycle is 20percent (counter ccr is 100). From the
figure, it can be seen that the low level period is 8us, the high level period is 2us, and the total
signal period is 10us, which means the frequency is 100KHz. The duty cycle is 2/10 = 0.2.

4 Jpwm_gen_tbjck
4 Jpwm_gen_tbjreset n

©-“ fowm_gen_thjcounter_cor |32h00000064

“me Now 0.301402ms
ase Cursor 9 0.25911ms
ale Cursor 10 0.26111ms
&l e Cursor 11 0.26911ms

Figure 66: 100kHz duty cycle 0.5 simulation waveform chart

4.4 Board-Level Debugging and Verification

This part of the circuit is relatively simple, so this board-level verification section will not
elaborate on the detailed design reasoning of the code, but will only provide the specific code. The
code part for the buzzer playing tones is shown below.
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module pwm_gen (
clk,

reset_n,

pwm_gen_en,
counter_arr,
counter_ccr,

pwm_out

wire reset;

input clk; // System clock input, 50 MHz

input reset_n; // Reset signal input, active low

input pwm_gen_en; // PWM generation enable signal

input [31:0]counter_arr; // 32-bit preload value input

input [31:0]counter_ccr; // 32-bit output compare value input

output pwm_out; // PWM output signal

reg pwm_out;

reg [31:0]pwm_gen_cnt; // Define a 32-bit counter for PWM generation

assign reset = “reset_n;
always@(posedge clk or posedge reset)
if (reset)
pwm_gen_cnt <= 32'd1l;
else if (pwm_gen_en)
begin
if (pwm_gen_cnt <= 32'd1)
pwm_gen_cnt <= counter_arr; // When the counter decreases to 1, load the
preload register value
else
pwm_gen_cnt <= pwm_gen_cnt - 1'bl;// Counter decrements by 1
end
else
pwm_gen_cnt <= counter_arr; // When not enabled, counter value equals

preload register value

always@(posedge clk or posedge reset)
if (reset) // On reset, PWM output is low
pwm_out <= 1'b0;
else if (pwm_gen_cnt <= counter_ccr) // When counter value is less than compare value,
PWM output is high
pwm_out <= 1'bl;
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else
pwm_out <= 1'b0; // When counter value is greater than compare
value, PWM output is low
endmodule
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5 Key filtering

5.1 Key physical structure and circuit design

e As a basic human-computer interaction element, the button is widely used in electronic
design, from system reset to control settings. At present, there are many types of buttons,

such as multi-directional buttons, self-locking buttons, membrane buttons, etc

e In this section, the methods of asynchronous signal synchronization and edge detection of
single-bit data are introduced into the key debounce design commonly used in FPGAs.
The random number generation function and the stimulus model are introduced into the
simulation test stimulus file. Finally, a practical example will be given to demonstrate the

way modular design works.

5.2 Key physical structure and circuit design

. Swich cover

U Plunger

e  returnspring

. base

e contact/terminal

Figure 67: 1 Schematic diagram of the hardware structure of the button

e The development board contains two-pronged chip buttons, which are located in the lower
right corner of the front of the learning board, as shown in the schematic diagram below. As
can be seen from the schematic diagram, the 10 port is high when the key is not pressed,
and it becomes low when the key is pressed, so the system can judge the status of the key
by detecting the level of the 10.

e Schematic of button:
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Figure 68: The change in the level of the key from pressing to release

e In the schematic diagram of the key structure, it can be seen that there is a reaction spring
in the key, so when it is pressed or released, additional physical jitter will be generated, and
the physical jitter will produce level jitter. As shown in Figure 11-3 below, the level of the
key changes from pressing to release, with the ideal waveform output at the top and the

actual waveform output at the bottom.

/
Y

$Press the button
Fheoretical wavefomn

_—
-

\)

FiRelease jitter| iStabie perod

{Press shake

A
Y

SActual waveform

Figure 69: 3 The change in the level of the button from pressing to releasing it

e In the diagram above, the number and interval of jitter generated are unpredictable, so
filtering is required to eliminate the impact that jitter may have on other external devices.
In general, the total time of jitter lasts less than 20ms. This jitter can be eliminated by
hardware circuitry or logic design, or it can be done by software. Among them, the hardware

circuit eliminates jitter, which is suitable for occasions with a small number of buttons.
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5.3 The state machine implements key debounce
5.3.1 Module interface design

4For a single-button debouncer module, the interface is shown in Figure 11-11 below, and the

interface declaration function is described in the following table

clk

—  » key_ﬂag
reset_n s ——»
— »
key_in ey_filter key_state

Figure 70: Key debounce module interface

The name of the interface | I/O | Description of the function

clk 1 Module working clock, 27M clock
reset n I Module reset signal

key in I Key input

key flag O Flag for key status switching

key state 0 Key status flags

Table 3: Description of the interface function of the key debounce module

5.3.2 State machine transfer state as well as conditional design

For FPGA designs, state machines are often used for key debounce. As can be seen in the figure
below, the following states are obtained by analyzing the state code according to the concept of
a state machine: IDLE IDLE is not pressed, Jitter Filter State FILTERO is pressed, DOWN is
pressed, and Jitter Filter State is released FILTER1. The unique hotcode codes are 4’B0001, 4'B
0010, 4’B 0100 and 4’B 1000. The state transition diagram is shown in Figure 11-12 below, which

shows that it is a Milli state machine

AN AN AN AN

OnCatn®

Figure 71: State Transition Diagram

The following table describes the conditions for the transition of its status:
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Current status | Next state | Transfer conditions

IDLE FILTERO When the falling edge of the key input is detected, press de-
bounce is initiated
FILTERO IDLE If the rising edge is detected and the 20ms time is not ex-

ceeded in the press debiting, the key is considered to be still
shaking and is still not stable, so it returns to the initial state

FILTERO DOWN The timer starts when the falling edge is detected, and if the
timer exceeds 20ms, it is considered to be pressed indeed

DOWN FILTER1 After the press is stable, if the upper and lower edges are
detected, the release debiting is initiated

FILTER1 DOWN In the process of resuming debiting when the button is re-

leased, the timing starts when the rising edge is detected,
and when the falling edge is detected and does not exceed
20ms timing, it is considered to be still shaking and contin-
ues to deshake

FILTER1 IDLE The timing starts when the rising edge is detected, and if
the timing exceeds 20ms, it is considered that the release is
indeed complete

Table 4: State transitions for key debounce FSM

5.3.3 Key input signal edge detection

From the point of view of the design of the state machine, the edge of the key input signal
key in needs to be detected, and the theoretical knowledge about edge detection can refer to the
serial port receiving module to explain, and the explanation is not repeated here, and the edge

detection code of the specific key data signal is as follows

always@(posedge clk or posedge reset)
if (reset)begin
key_in_syncl <= 1'b0;
key_in_sync2 <= 1'b0;
end

else begin

key_in_syncl <= key_in;//1st stage
key_in_sync2 <= key_in_syncl; //2nd stage: now synchronized!
end
//Use the D flip-flop to store the level status of an external input signal (already
synchronized into the system clock domain) at the rising edge of two adjacent clocks
always@(posedge clk or posedge reset)
if (reset)begin
key_in_regl <= 1'b0;
key_in_reg2 <= 1'b0;

end
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else begin
key_in_regl <= key_in_sync2;// current state
key_in_reg2 <= key_in_regl; //previous state
end
//Generate a jump edge signal
assign key_in_nedge = !key_in_regl & key_in_reg2;//1->0
assign key_in_pedge = key_in_regl & (lkey_in_reg2);//0->1

5.3.4 Counter design

There should also be a 20ms counter module and a counter enable module in the state transition
table, which can also be combined into a single Always module. It is generally recommended that

an Always block operate on only one signal.

always@(posedge clk or posedge reset)
if (reset)
cnt <= 20'dO;
else if (en_cnt)
cnt <= cnt + 1'b1;
else
cnt <= 20'd0;

always@(posedge clk or posedge reset)
if (reset)
cnt_full <= 1'b0O;
else if (cnt == 20'd539_999)
cnt_full <= 1'b1;
else
cnt_full <= 1'b0;

5.3.5 State machine design

Now let’s start designing a state machine, first defining the state of the state machine with

local parameterization

localparam
IDLE= 4'b0001,
FILTERO= 4'b0010,
DOWN= 4'b0100,
FILTER1= 4'b1000;

Due to the small number of states and judgment conditions, a one-stage state machine is used
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to describe it first. When reset the counter is cleared to zero, the state returns to the IDLE state,

and key flag and key state return to the initial state.

always@(posedge clk or posedge reset)
if (reset)begin
en_cnt <= 1'b0;
state <= IDLE;
key_flag <= 1'bO;
key_state <= 1'bi;
end
else begin
case(state)
default:begin
state <= IDLE;
en_cnt <= 1'b0;
key_flag <= 1'bO0;
key_state <= 1'bl;
end
endcase

end

When the state is IDLE when it is not pressed, if a falling edge is detected, the state enters the
FILTERO of the Jitter Filter state and the counter is enabled, otherwise it continues to remain in
the IDLE state.

IDLE :begin

key_flag <= 1'bO0;

if (key_in_nedge)begin
state <= FILTERO;
en_cnt <= 1'bi;

end

else
state <= IDLE;

end

When in the FILTERQO state, if the rising edge arrives before the timer ends for 20ms, it is considered
that the key is still pressed and the jitter process is pressed, and the state returns to IDLE and
clears the 0 counter. When the last jitter is pressed during the pressing process, there will be no
rising edge, and the counter can be counted all the time, and when the count is full, the key flag
will be set to 1 and the key state will be set to 0, and the state will enter the steady state of
pressing DOWN and the counter will be cleared to 0. In this way, the state of the key can be
determined by judging key flag lkey state, and pressing it if it is 1.
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FILTERO:begin

if (cnt_full)begin
key_flag <= 1'bl;
key_state <= 1'b0;
en_cnt <= 1'b0;
state <= DOWN;

end

else if (key_in_pedge)begin
state <= IDLE;
en_cnt <= 1'b0;

end

else
state <= FILTERO;

end

Once you enter the key steady state DOWM, clear the key flag to 0. If a rising edge is detected,

it enters the Release Jitter Filtering State FILTER], otherwise it remains in the current state

DOWN:begin

key_flag <= 1'bO0;

if (key_in_pedge)begin
state <= FILTER1;
en_cnt <= 1'bl;

end

else
state <= DOWN;

end

After entering the FILTERI state, if the falling edge is detected before the 20ms count is over, it is
considered that the key release jitter process is still the process, and the status returns to DOWN
and clears the 0 counter. When the last jitter is shaken during the release process, there will be no
falling edge, and the counter can be counted all the time, and when the count is full, the key flag
and key state will be set to 1, and the state will enter IDLE and the counter will be cleared to 0,

waiting for the next key to be pressed.

FILTER1:begin

if (cnt_full)begin
key_flag <= 1'b1;
key_state <= 1'bl;
state <= IDLE;
en_cnt <= 1'b0;

end

else if(key_in_nedge)begin
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en_cnt <= 1'b0;
state <= DOWN;
end
else
state <= FILTER1;

end

If you rewrite it as a two-stage state machine, it will be as follows, and the state transition

part will be omitted.

always@(posedge clk or posedge reset)
if (reset)
curr_state <= IDLE;
else
curr_state <= next_state;
always@(*)
begin
case(curr_state)
//This part is like a segmented state machine
endcase

end

5.4 Testbench design and simulation testing

In addition to generating a normal clock and a reset signal, the testbench file excitation also

simulates the process of pressing the key from pressing to letting go, and this simulation excitation

designs the key in the way of a separate design simulation model, so that the internal structure of

the whole excitation file is as shown in Figure below:

clk >
set
- == — B key filter
e ress ey_in
)Py key_model -
[ESTBENCH

key_flag

key_state

Figure 72: Filtering testbench

5.4.1 The design of the key model key model

e The function of the key model is to simulate the output of the signal during the real key

press, including the jitter during the key press. Considering that the jitter time during the
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real key pressing process is uncertain, the random number generation function random in

verilog is introduced here to generate jitter.

$random This system function can produce a signed 32-bit random integer. The
general usage is $randomjb, where b>0. This will generate a random number
in the range (-b+1):(b-1). If only a positive random number is obtained,
{$random}’b can be used. In this section, it is necessary to generate a
press jitter and a release jitter within 20ms, which should actually
produce a random number within 25'd20_000_000, and here in order to save
simulation time, only a 16-bit random number is generated, which is 0 to
16'd65535.

5.4.2 Use of tasks

Task is a common syntax in Testbench, and its syntax is as follows:

task <task name>;
<Port and Data Type Declaration Statement>
< statement 1>
< statement 2>
< statement n>
endtask

The syntax for the call of the task is as follows:

<taskname>(Port 1, Port 2,... port n);

For a key press and let go of the whole process in the form of a task design, here to achieve
fifty times of 0 65535ns press jitter, and then key in assigned a fixed value of 0 and a delay of
25ms (greater than 20ms is stable), but also to achieve the release of jitter, key in assigned a fixed

value of 1 and a delay of 25ms.

task key_gen;

begin
key_out = 1'bil;
repeat (50)begin

myrand = {$random}’,65536;//0765535;
#myrand key_out = “key_out;

end

key_out = 0;

#25000000;

repeat (50)begin
myrand = {$random}}65536;//0765535;

KEY FILTERING Page 47 / 88



OneKiwi Technology

#myrand key_out = “key_out;
end
key_out = 1;
#25000000;
end
endtask

On the basis of the above, in order to realize the key model, the key model module can be
controlled by an external key press, that is, a pulse is given to the key press, and a key signal is
key model output, so that the above task is called in the key model module by the arrival of the

key press rising edge as the condition, and the specific code is as follows.

initial begin
key_out = 1'bil;
while (1)
begin
@(posedge key_press);
key_gen;

end

Once the Key Model key model module has been designed, the design of the entire simulation
Teshbench is relatively simple. Add and create a new key filter tb.v file to instantiate the key
debounce module and key model in and generate a clock and reset stimulus signal, the code is as

follows. The simulation resulted in two key presses

“timescale 1ns/1ns
“define CLK_PERIOD 37.037
module key_filter_tb;

reg clk;

reg reset_n;

reg key_press;

wire key;

wire key_flag;

wire key_state;

key_model key_model_inst(
.key_press(key_press),
.key_out (key)

)3

key_filter key_filter_inst(
.clk(clk),
.reset_n(reset_n),
.key_in(key),
.key_flag(key_flag),
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.key_state(key_state)
)3

initial clk= 1;
always#( CLK_PERIOD/2) clk = ~clk;
initial begin

reset_n = 1'b0;
key_press = 1'b0;

# (" CLK_PERIOD*10) ;
reset_n = 1'bl;

# (" CLK_PERIOD*10 + 1);
key_press = 1'bl;

# (" CLK_PERIOD) ;
key_press = 1'b0;
#60000000;

key_press = 1'bl;

# (" CLK_PERIOD) ;
key_press = 1'b0;
#60000000;

$stop;

end

endmodule

After designing the simulation testbench, open the Modelsim new project for simulation, and

you can get the simulation waveform shown in Figures below and Figures below key state key flag.

Here you can see that the jitter time is different for each jitter, so that the random jitter process

is successfully simulated.

JRE || SRERA || HE-tes B o-lLDBEs poe)tatisa

pe e Q@SR L LN W]

4 Peey_fiter_thjck

#  fey_filter_thjreset_n

4 ey _fiter_thjkey state

Figure 73: Key debounce model simulation waveform diagram
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Figure 74: Random jitter process
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5.5 Design key control counter led

In this module we will test 2 leds is display as binary number, 1 button is decrease counter,1

button is increase counter.

Module Led control

module led_ctrl(
Clk, // 50M clock input
Rst_n, // Module reset
key_flag0, // Key SO flag signal
key_flagl, // Key S1 flag signal
key_state0, // Key SO state signal
key_statel, // Key S1 state signal
led

)3

input Clk;
input Rst_n;

input key_flag0O, key_flagl;

input key_state0O, key_statel;

output [1:0]led;

reg [1:0]led_r;

always@(posedge Clk or negedge Rst_n)
if ('Rst_n)
led_r <= 2'b00;
else if (key_flag0 && !'key_stateO)
led_r <= led_r + 1'bl;
else if (key_flagl && !key_statel)
led_r <= led_r - 1'bl;
else
led_r <= led_r;

assign led = led_r;

endmodule
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Module Key led top

module key_led_top(

Clk, //27MHZ
Rst_n, //RESET
key_in0,
key_inl,

led

input Clk;
input Rst_n;
input key_inO;
input key_inl;

output [1:0]led;

wire key_flagO,key_flagl;

wire key_stateO,key_statel;

key_filter key_filterO(
.C1k(Clk),
.Rst_n(Rst_n),
.key_in(key_in0),
.key_flag(key_flag0),
.key_state(key_state0)
)3

key_filter key_filteri(
.Clk(Clk),
.Rst_n(Rst_n),
.key_in(key_inl),
.key_flag(key_flagl),
.key_state(key_statel)
)3

led_ctrl led_ctrloO(
.C1k(Clk),
.Rst_n(Rst_n),
.key_flag0O(key_flag0),
.key_flagil(key_flagl),
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.key_state0O(key_state0),
.key_statel(key_statel),
.led(led)

)3

endmodule
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6

6.1

UART TX Design and verification of serial port transmitter

module

UART key parameters and time series diagrams

UART communication requires a number of settings before it can be used, the most common

of which include the number of data bits, baud rate size, parity type, and stop bits.

Data bits: This parameter defines the number of data bits sent from start to stop for a single
UART data transfer. You can choose 5, 6, 7, or 8 (default).

Baud: Refers to the baud rate sent from one device to another, that is, the number of data
bits that can be communicated per second. Typical baud rates are 300, 1200, 2400, 9600,
19200, 115200 etc. Generally, devices at both ends of the communication must be set to the

same baud rate, but some devices can also be set to automatically detect the baud rate.

Baud: Refers to the baud rate sent from one device to another, that is, the number of data
bits that can be communicated per second. Typical baud rates are 300, 1200, 2400, 9600,
19200, 115200 etc. Generally, devices at both ends of the communication must be set to the
same baud rate, but some devices can also be set to automatically detect the baud rate.If
the user chooses the data length to be 8 bits, it is called "Non" because there are no extra

bits to use as parity bits.

Stop bits: After each byte of data bits are sent, a stop bit is sent to mark the completion of
a data transfer and is used to help the receiving party resynchronize the hardware. You can
choose from 1 (default), 1.5, or 2 digits

In the RS-232 standard, the most common configuration is 8N1 (i.e., eight data bits, no
parity, one stop bit), which sends a one-byte timing diagram as shown in Figure below.
According to a complete byte including a start bit, 8 bits of data, a stop bit that is a total
of 10 bits of data, in order to completely realize the transmission of these 10 bits of data, 11
baud rate clock pulses are required, the first pulse marks the beginning of a transmission,

and the 11th pulse marks the end of a transmission.
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Figure 75: process of uart transfer

e When the first rising edge of the bps_ clk signal arrives, the byte transmitting module starts
to send the start bit, and the next 2 to 9 rising edges send 8 data bits, and the 10th rising
edge to the 11th rising edge is the transmission of the stop bit.

6.2 Design and implementation of UART asynchronous serial communication

transmission module

send en

EEE—
. uart tx
data byte[7:0] _
_> —>
baud set[2:0] tx_done
ﬁ ua rt_ byt e_tx
clk uart state
N
reset n

_—

Figure 76: Module of uart transfer

The signal | I/O | Description of the function

clk I The module global clock is 27MHz

reset n I Module global reset signal

data_byte | I 8 bits to be transferred

send _en I Send an enable signal

baud set |1 Baud rate to set the signal

uart  tx O Serial port sends signal output

tx_done O Sends an end signal, one clock cycle high
uart _state | O Send status, 1 when in the send state

Table 5: Table of module description
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Figure 77: Module of uvart transfer specificly

e send en:enable sending
e baud set[2:0]:set value baudrate

6.3 Baurate clock module design

272108
baudrate

e Our system have clock frequency 27TMHZ formula:= — 1(change the value base on

the frequency)
e baudrate:9600->2811
e 19200->1405
o 38400->702
e 57600->467

e 115200->233

always@(posedge clk or posedge reset)
if (reset)
bps_DR <= 16'd2811; // Default baud rate setting
else begin
case(baud_set)
0:bps_DR <= 16'd2811; // Baud rate option 0(27MHZ, so baurate
9600:27%10°6/9600 -1=2811)
1:bps_DR <= 16'd1405; // Baud rate option 1:19200
2:bps_DR <= 16'd702; // Baud rate option 2:38400
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3:bps_DR <= 16'd467; // Baud rate option 3:57600
4:bps_DR <= 16'd233; // Baud rate option 4:115200

default:bps_DR <= 16'd2811; // Default value
endcase

end

Checking the uart_state

always@(posedge clk or posedge reset)
if (reset)
uart_state <= 1'DbO;
else if(send_en)
uart_state <= 1'bil;
else if (bps_cnt == 4'd11)
uart_state <= 1'b0;
else
uart_state <= uart_state;

Checking reset signal:

always@(posedge clk or posedge reset)
if (reset)
data_byte_reg <= 8'd0;
else if (send_en)
data_byte_reg <= data_byte;
else
data_byte_reg <= data_byte_reg;

Here we use a counter to generate a baud rate clock.

//counter
always@(posedge clk or posedge reset)
if (reset)
div_cnt <= 16'd0;
else if (uart_state)begin
if (div_cnt == bps_DR)
div_cnt <= 16'd0;
else
div_cnt <= div_cnt + 1'b1;
end
else
div_cnt <= 16'd0;

// bps_clk gen
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always@(posedge clk or posedge reset)
if (reset)
bps_clk <= 1'b0;
else if(div_cnt == 16'd1l)
bps_clk <= 1'bl;
else
bps_clk <= 1'b0;

6.4 Data output module design

Determine the state of the data sending cycle by counting the baud rate clock

always@(posedge clk or posedge reset)
if (reset)
bps_cnt <= 4'd0;
else if (bps_cnt == 4'd11)
bps_cnt <= 4'd0;
else if (bps_clk)
bps_cnt <= bps_cnt + 1'bl;
else

bps_cnt <= bps_cnt;

Also in order for the module to be able to control or call other modules, a byte is generated to

signal the end of the transfer. After a data bit is transmitted, the tx done signal outputs a high
level of the clock.

always@(posedge clk or posedge reset)
if (reset)
tx_done <= 1'bO;
else if (bps_cnt == 4'd11)
tx_done <= 1'bl;
else

tx_done <= 1'b0;

Data transmission status control module

always@(posedge clk or posedge reset)
if (reset)
uart_tx <= 1'bi;
else begin
case(bps_cnt)
O:uart_tx <= 1'bl;
l:uart_tx <= START_BIT;

UART_TX DESIGN AND VERIFICATION OF SERIAL PORT TRANSMITTER MODULE Page 57 / 88



OneKiwi Technology

ruart_tx
ruart_tx
ruart_tx
ruart_tx
ruart_tx
ruart_tx

runart_tx

© 00 N O O W N

ruart_tx

data_byte_regl0];
data_byte_reg[1];
data_byte_regl2];
data_byte_regl[3];
data_byte_reg[4];
data_byte_regl[5];
data_byte_reg[6];
data_byte_regl7];

10:uart_tx <= STOP_BIT;
default:uart_tx <= 1'bil;

endcase

end

6.5 TESTBENCH code for modelsim

“timescale 1ns/1ns

“define CLK_PERIOD 37.037
module uart_byte_tx_tb;

reg clk;

reg reset_n;

reg [7:0]data_byte;

reg send_en;

reg [2:0]baud_set;

wire uart_tx;

wire tx_done;

wire uart_state;

uart_byte_tx uart_byte_tx(

.clk(clk),

.reset_n(reset_n),
.data_byte(data_byte),

.send_en(send_en),
.baud_set (baud_set),

.uart_tx(uart_tx),

.tx_done (tx_done),

.uart_state(uart_state)

)

initial clk = 1;
always# (" CLK_PERIOD/2)clk = ~clk;

initial begin

reset_n = 1'b0;

data_byte =

send_en = 1'd0;

8'd0;
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baud_set = 3'd4;
# (" CLK_PERIOD*500 + 1 )
reset_n = 1'bl;
# (" CLK_PERIOD*50) ;
//send first byte
data_byte = 8'haa;
send_en = 1'dl;
#°CLK_PERIOD;
send_en = 1'dO;
@(posedge tx_done)
# (" CLK_PERIOD*5000) ;
//send second byte
data_byte = 8'hb5;
send_en = 1'dl;
#°CLK_PERIOD;
send_en = 1'dO;
@(posedge tx_done)
# (" CLK_PERIOD*5000) ;
$stop;
end

endmodule

6.6 Coding test for real device

module uart_tx_test(
input clk,
input reset_n,
output uart_tx,

output led

parameter MCNT = 26_999_999; //
reg [7:0] data_byte;
reg send_en;
reg [25:0]cnt; //
wire tx_done;
always@(posedge clk or negedge reset_n)
if (!reset_n)
cnt <= 25'd0;
else if (cnt == MCNT)
cnt <= 25'd0;
else
cnt <= cnt + 1'bl;
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always@(posedge clk or negedge reset_n)
if (lreset_n)
send_en <= 1'Db0;
else if(cnt == MCNT)
send_en <= 1'bl;
else

send_en <= 1'b0;

always@(posedge clk or negedge reset_n)
if(!reset_n)
data_byte <= 8'bO0;
else if(tx_done)
data_byte <= data_byte + 1'bi;
else
data_byte <= data_byte;

uart_byte_tx uart_byte_tx(
.clk(clk),
.reset_n(reset_n),
.data_byte(data_byte),
.send_en(send_en),
.baud_set (3'd0),
.uart_tx(uart_tx),
.tx_done (tx_done),
.uart_state(led)

);

endmodule

6.7 Simulation

e 11 1 14 . )
$a::: + 2 X | gl Wave -Default : H A x

9207 ns [¥]»

fuart_byte_tx_thidk
fuart byte_tx_thireset n
Juart byte_tx_thdata_byte
fuar

S alalv

Figure 78: Simulation with modelsim
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6.8 Testing with board
6.8.1 GWU2U Virtual Serial Port setting

For install driver for GWU2U we use Zadig software (on Window)
Install Zadig at :https://zadig.akeo.ie/
Connect GWU2U device to computer with USB interface, double-click to open Zadig (admin-

istrator privileges required), click Options, check the "List All Device" option, and all USB devices

connected to the computer will be listed

site Parents

Figure 79: Zadig interface 1

Select Gowin U2U, the device that requires driver installation

Figure 80: Zadig interface 1

Select the driver to be installed, use virtual serial port driver (VCP), and select USB Serial
(CDC).
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Install Driver

Figure 81: Zadig interface 2

Click “Install Driver”. The driver will be installed after a few moments.

6.8.2 Using hercules software

Link for installing:https://www.hw-group.com/software/hercules-setup-utility
Connect the GWU2U(UART) USB to the computer, then open device manager find the COM

port:

;.‘!; Device Manager
File Action View Help

s | EH HmE = B EXE®

~ & DESKTOP-CQLCVVDQ
> W Audioinputs and outputs
> U Audio Processing Objects (APOs)
> 3 Batteries
> 9 Bluetooth
> ® Cameras
5 B Computer
5 s Disk drives
> @ Display adapters
> B Firmware
> (i Human Interface Devices
> Keyboards
b Q Mice and other pointing devices
> [ Menitors
> I? Network adapters
> @ Portable Devices
~ i Ports (COM &LPT)
§ GWuU2U (Com3)

> 1= Print queues
« U D

Figure 82: Find the COM port

We using hercules software

Figure 83: hercules software
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Setting up 8bit,choose the COM port connect to UART,configure baud,parity

45 Hercules SETUP utility by HW-group.com

UDPSetup Serial | TCP Client | TCP Server | UDP | Test Made | About |
Jeceived/Sent data

Serial port

Modem lines

@m @R @Dk @cCTs )

Send

[11111 [V HEX
[55 A5 05F5ET 0044 FO ¥ HEX
[Fosoaarn ¥ HEX

- o X

Serial
Narme

COM12 >
Baud

3600 ¥
Data size
C—
Paiity

none v
Handshake

OFF =
Mode

Free =

Hwg Fw update

H I.IJQ"UUD

w2y HW-groupcom
Hercules SETUP wtility
Version 3.2.8

Figure 84: process of uart transfer
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7 UART RX Design and verification of serial port receiver mod-

ule

7.1 Analysis of the principle of serial port reception

This lecture introduces the design and implementation of the serial port receiving module.
When sampling each bit on a data line, the middle point of each bit of data is generally considered
to be the most stable. Therefore, in general applications, the level at the inter-moment is considered

to be the level of this bit of data, as shown in Figure below
o2l 3 4 s1o6l 71 3

N o o o

| | [ | I

| I I [ I

I ] Il

I/<Bno MBM Bit2 f\ Bi3 K Bit4 XBitS K Bit6

1 T T

10

9 |
| |
| |
|
]

Bit7 VSTOP

bps_clk

it JL

_>_<_____
fed ==
==

L

Figure 85: Process of uart transfer

Bit x + 1 Bit x — 1

LI e i e el
123 456789

1011121314 1516

Figure 86: Taking sample of 1 bit receive

Because data can be unstable when it change,specially in the dark gray part.The middle of
period is relatively stable and represent the correct result.Taking 6 sample and find the proba-
bility of high and low.For example 1/1/1/0/1/1 result 1 and 0/1/0/0/0/0 is 0,when 0/0/0/1/1/1

enviroment is bad,data is no reliable , not processed.

7.2 Design and implementation of UART asynchronous serial communication

receiving module

7.2.1 Serial port receiving module interface design

uart_rx o
baud_set[2:0]_ data_byte[7:0]
clk .| uart_byte rx rx_dT’
reset_n :

Figure 87: UART RX receive module
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The signal | I/O | Description of the function
clk The module global clock is 27MHz

reset n Module global reset signal

I
I
data_byte | O 8 bits to be received
I
I

baud set

uart rx

Baud rate to set the signal

Serial port sends signal output

rx_done O Receives an end signal

Table 6: Table of module receive description

7.2.2 Single-bit asynchronous signal synchronization design

uart D uartirxisyncl: D uart_rx SX"‘:%
et D
CLR CLR
®
clk
reset n

Figure 88: Schematic logic design

always@(posedge clk or posedge reset)
if (reset)begin
uart_rx_syncl <= 1'b0;
uart_rx_sync2 <= 1'b0;
end
else begin
uart_rx_syncl <= uart_rx;
uart_rx_sync2 <= uart_rx_syncl;

end

e Because asynchronous signal,signal is not stable(o or 1).

e First Synchronization Register (uart rx syncl): This register captures the asynchronous
UART input signal uart rx on the rising edge of the clock. If uart rx changes state close

to the clock edge, the output of this register might be metastable.

e Second Synchronization Register (uart rx sync2): This register captures the output of
the first synchronization register on the next clock edge. By this time, the signal from
uart _rx_syncl is likely to have settled to a stable state, thus reducing the chance of metasta-

bility propagating further.
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e The double synchronization ensures that any metastable state in uart rx syncl has time

to resolve before it affects the rest of the logic.

7.3 Edge detection

e Using for detect for falling edge to start uart state.

negedge out

data_in 5 5
"een [data_in_diyT |7 [data_in_div2
CLR > CLR posedge out

clk Y
reset_n

Figure 89: principle of edge detection

S Sinipininipiginh

data_in™ |\
data_in dly1 — |\
data_in_dly2 — =~ 1\

negedge_out [\

Figure 90: Falling edge detection waveform

always@(posedge clk or posedge reset)
if (reset)begin
uart_rx_regl <= 1'b0;
uart_rx_reg2 <= 1'b0;
end
else begin
uart_rx_regl <= uart_rx_sync2;
uart_rx_reg2 <= uart_rx_regl;
end
assign uart_rx_nedge = !uart_rx_regl & uart_rx_reg2;

e For find rising edge , uart edge=uart rx regl and luart rx reg2

7.4 Design of the sample clock generation module

e If clock frequency =27HZ,number of baurate clock bit is 16.(Formula:=(27000000/ (16xbaudrate)))-
1

— baudrate:9600->324
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19200->162
38400->80
— 57600->53
115200->26

always@(posedge clk or posedge reset)
if (reset)
bps_DR <= 16'd324;
else begin
case(baud_set)
O0:bps_DR <= 16'd324;
1:bps_DR <= 16'd162;
2:bps_DR <= 16'd80;
3:bps_DR <= 16'd53;
4:bps_DR <= 16'd26;
default:bps_DR <= 16'd324;

endcase

e Counter for Baud Rate Clock Generation

always@(posedge clk or posedge reset)
if (reset)
div_cnt <= 16'd0;
else if (uart_state)begin
if(div_cnt == bps_DR)
div_cnt <= 16'd0;
else
div_cnt <= div_cnt + 1'bl;
end
else
div_cnt <= 16'd0;

e take enough clock for read one sample of bit

e Baud Rate Clock Generation (bps_clk)

always@(posedge clk or posedge reset)
if (reset)

bps_clk <= 1'b0;
else if(div_cnt == 16'dl)
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bps_clk <= 1'bl;
else
bps_clk <= 1'b0;

identify when start read a new sample bit.

e Baud Rate Counter (bps_ cnt)

//bps counter
always@(posedge clk or posedge reset)
if (reset)
bps_cnt <= 8'd0;
else if (bps_cnt == 8'd1569 | (bps_cnt == 8'd12 && (START_BIT > 2)))
bps_cnt <= 8'd0;
else if (bps_clk)
bps_cnt <= bps_cnt + 1'bl;
else
bps_cnt <= bps_cnt;
always@(posedge clk or posedge reset)
if (reset)
rx_done <= 1'b0;
else if (bps_cnt == 8'd159)//(16x10-1)
rx_done <= 1'bil;
else

rx_done <= 1'b0;

e identify get enough sample of bits.
e WHY CHOOSING CASE =8'd12 and START BIT>2:

— because at 6->11 the sample of bit add to "START BIT", the START BIT We want
to be low to start,position 12 we want to check that START BIT,if >2 min there are

more 3 sample with high mean START BIT can be high not low.Therefore we stop
becasue START BIT is invalid.

7.5 Design of sampling data receiving module

always@(posedge clk or posedge reset)
if (reset)begin
START_BIT <= 3'dO0;
data_byte_pre[0] <= 3'4d0;
data_byte_pre[1] <= 3'd0;
data_byte_pre[2] <= 3'd0;

UART_RX DESIGN AND VERIFICATION OF SERIAL PORT RECEIVER MODULE Page 68 / 88



OneKiwi Technology

data_byte_pre[3] <= 3'd0;

data_byte_pre[4] <= 3'd0;

data_byte_pre[5] <= 3'd0;

data_byte_pre[6] <= 3'd0;

data_byte_pre[7] <= 3'd0;

STOP_BIT <= 3'd0;

end
else if (bps_clk)begin

case(bps_cnt)
0:begin
START_BIT <= 3'd0;
data_byte_pre[0] <= 3'd0;
data_byte_pre[1] <= 3'd0;
data_byte_pre[2] <= 3'd0;
data_byte_pre[3] <= 3'd0;
data_byte_pre[4] <= 3'40;
data_byte_pre[5] <= 3'd0;
data_byte_pre[6] <= 3'd0;
data_byte_pre[7] <= 3'd0;
STOP_BIT <= 3'dO0;

end

6 ,7 ,8 ,9 ,10,11:START_BIT <= START_BIT + uart_rx_sync2;

22,23,24,25,26,27:data_byte_pre[0]
38,39,40,41,42,43:data_byte_pre[1]
54,55,56,57,58,59:data_byte_pre[2]
70,71,72,73,74,75:data_byte_pre[3]
86,87,88,89,90,91:data_byte_pre[4]

102,103,104,105,106,107:data_byte_pre[5] <=
118,119,120,121,122,123:data_byte_pre[6] <=
134,135,136,137,138,139:data_byte_pre[7] <=

<=
<=
<=
<=

<=

data_byte_pre[0]

+
data_byte_pre[1] +
data_byte_pre[2] +

+

data_byte_pre[3]
data_byte_pre[4] +

uart_rx_sync2;
uart_rx_sync2;
uart_rx_sync2;
uart_rx_sync2;

uart_rx_sync2;

150,151,152,153,154,155:STOP_BIT <= STOP_BIT + uart_rx_sync2;

default:
begin
START_BIT <= START_BIT;

data_byte_pre[0] <= data_byte_prel[0];
data_byte_pre[1] <= data_byte_pre[1];
data_byte_pre[2] <= data_byte_pre[2];
data_byte_pre[3] <= data_byte_prel[3];
data_byte_pre[4] <= data_byte_prel4];
data_byte_pre[5] <= data_byte_pre[5];
data_byte_pre[6] <= data_byte_prel6];
data_byte_pre[7] <= data_byte_prel[7];

STOP_BIT <= STOP_BIT;

data_byte_pre[5] + uart_rx_sync2;
data_byte_pre[6] + uart_rx_sync2;
data_byte_pre[7] + uart_rx_sync2;
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end
endcase

end

e data byte pre is array with 8 register with 3bits ,store value .

7.6 Data status determination module

always@(posedge clk or posedge reset)

if (reset)
data_byte <= 8'd0;

else if (bps_cnt == 8'd159)begin
data_byte[0] <= data_byte_pre[0] [2];
data_byte[1] <= data_byte_pre([1][2];
data_byte[2] <= data_byte_pre[2][2];
data_byte[3] <= data_byte_prel[3][2];
data_byte[4] <= data_byte_prel[4][2];
data_byte[5] <= data_byte_pre[5][2];
data_byte[6] <= data_byte_pre([6][2];
data_byte[7] <= data_byte_pre[7][2];

end

e Because the data take 6 samples, so it should occur more than 3 so we take the value at

position 3(if =1 mean 4,5,6 samples value of 1.)

7.7 TESTBENCHfor modelsim

“timescale 1ns/l1ns
“define CLK_PERIOD 37.037
module uart_byte_rx_tb;

reg clk;

reg reset_n;

reg [2:0] baud_set;

reg [7:0] data_byte_tx;

reg send_en;

wire tx_done;

wire uart_state;

wire [7:0]data_byte_rx;

wire rx_done;

wire uart_tx_rx;

uart_byte_tx uart_byte_tx(
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.clk(clk),
.reset_n(reset_n),
.data_byte(data_byte_tx),
.send_en(send_en),
.baud_set (baud_set),
.uart_tx(uart_tx_rx),
.tx_done (tx_done),
.uart_state(uart_state )
);
uart_byte_rx uart_byte_rx(
.clk(clk),
.reset_n(reset_n),
.baud_set (baud_set),
.uart_rx(uart_tx_rx),
.data_byte(data_byte_rx),
.rx_done (rx_done)
);
initial clk = 1;
always# (" CLK_PERIOD/2)clk = ~clk;
initial begin
reset_n = 1'b0;
data_byte_tx = 8'd0;
send_en = 1'dO;
baud_set = 3'd0;
# (" CLK_PERIOD*20 + 1 );
reset_n = 1'bl;
# (" CLK_PERIOD*50) ;
//send first byte
data_byte_tx = 8'haa;
send_en = 1'dl;
# CLK_PERIOD;

send_en = 1'd0;

@(posedge tx_done)

# (" CLK_PERIOD#*5000) ;
//send second byte

data_byte_tx = 8'hb5;

send_en = 1'dil;

# CLK_PERIOD;

send_en = 1'd0;

@(posedge tx_done)

# (" CLK_PERIOD*5000) ;

$stop;
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end

endmodule

7.8 Code for testing real device

“timescale 1ns/1ns
“define CLK_PERIOD 20
module uart_byte_rx_tb;
reg clk;
reg reset_n;
reg [2:0] baud_set;
reg [7:0] data_byte_tx;
reg send_en;
wire tx_done;
wire uart_state;
wire [7:0]data_byte_rx;
wire rx_done;
wire uart_tx_rx;
uart_byte_tx uart_byte_tx(
.clk(clk),
.reset_n(reset_n),
.data_byte(data_byte_tx),
.send_en(send_en),
.baud_set (baud_set),
.uart_tx(uart_tx_rx),
.tx_done(tx_done),
.uart_state(uart_state )
);
uart_byte_rx uart_byte_rx(
.clk(clk),
.reset_n(reset_n),
.baud_set (baud_set),
.uart_rx(uart_tx_rx),
.data_byte(data_byte_rx),
.rx_done (rx_done)
);
initial clk = 1;
always# (" CLK_PERIOD/2)clk = “clk;
initial begin
reset_n = 1'b0;
data_byte_tx = 8'd0;

send_en = 1'dO0;
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baud_set = 3'd0;
#("CLK_PERIOD*20 + 1 );
reset_n = 1'bl;
# (" CLK_PERIOD*50) ;
//send first byte
data_byte_tx = 8'haa;
send_en = 1'dl;
#°CLK_PERIOD;
send_en = 1'dO;
@(posedge tx_done)
# (" CLK_PERIOD*5000) ;
//send second byte
data_byte_tx = 8'hb5;
send_en = 1'dl;
#°CLK_PERIOD;
send_en = 1'dO;
@(posedge tx_done)
# (" CLK_PERIOD*5000) ;
$stop;
end

endmodule

7.9 Simulation

ayout Bookmarks Window Help
|t B o DB | DO Loyout simulace v

[3-a4-g@-3]xxn
iy O R

ELILLIEERIEX Y

1 T (B[] £ E T LT F 3093 | 5o vene||qaeanan
$ - gm| Wave -Default

Juart_byte_rx_tb/dk
Juart_byte_rx_tbjreset n
Juart_byte_rx_tb baud_set
Juart_byte _rx_tb/data_byte_tx
Juart_byte _rx_tbfsend_en

Juart_byte_rx_thjrx_done
Juart,_byte_rx_thhsart_tx_rx

=
Cursor 1 384188 ns

Kl ] |

]

x|

Figure 91: UART receiver simulation with modelsim
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7.10 Testing with board

e Using the hercules software.

% Hercules SETUP utility by HW-group.com — [m] X

UDP Setup  Serial | TCP Client | TCP Server | UDP | Test Mode | About |
Received/Sent data

Serial
COM12
9600

Data size:

S 1 po

X Close
@ @A @DsR @cCTs [T DTR [T RTS
Send

s wrex_send || HLLgroup

Modem lines

55 A5 05 F5 E1 D0 AAFO ¥ HEX Send e grovpcom
[ J Hercules SETUP stility
[Fosoaaro W HEX Send Vession 328

Figure 92: UART receiver testing with board
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8 UART loopback Design and verification of multi-byte serial

transceiver module

8.1 Principle and design of multi-byte serial port transmission

e In order to realize multi-byte serial port transmission, taking the commonly used 8N1 con-

figuration as an example (i.e., eight data bits, no parity, and one stop bit),

e For example, if I want to use the serial port to send 16-bit data 0x1234, according to the
above idea,the correct transfer should be split into two parts, the first 00100 1000 1 and
the second 0 0010 1100 1.After receiving the data, the destination serial port will parse
the data according to 8N1 to obtain 8’b0001 0010 (0x12) and 8’b0011 0100 (0x34) twice.
Stitch together two 8-bits of data to get the 0x1234

Y AT AT AYAYAVAVAYAVAVAVANWAWAVAVAWAWAWAWAWAWRWAW)

uart tx & Start bit » Start bit stop bit:\‘

s T

Figure 93: Serial port sends 0x1234

e Therefore, multi-byte serial port transmission can be regarded as the serial port transmission

process of multiple consecutive single-byte data

e In this chapter, we only need to split the data to be sent into multiple single-bytes, and then
call the single-byte serial port transmitter module to send them one by one, and the serial

port sending of multi-byte data can be realized

8.1.1 The principle of multi-byte serial port transmission

uart data tx
Clk
g uart tx
Rst n —
. uart state
B aucl_S et [2 . 0] J Llart_b yte_TX — N
N I:v)r'[c_at:mi_cn=
. L data_byte[7:0]
&‘end_en F5M I:n)'k:i[xidv.m(:r —‘
datal DATA WIDTH -1 :{0] [ ' Tx_Donek

Figure 94: Multi-byte serial port transmitting module
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e uart data tx

— The top-level module responsible for managing the transmission of multi-byte data.

— integrates a lower-level module, uart byte tx, which handles the transmission of single-
byte data

— includes a Finite State Machine (FSM) to manage the control flow and ensure the proper
sequencing of data bytes

e uart byte tx

— Responsible for transmitting a single byte of data.
— provides status signals such as byte tx done (indicating the completion of a single-byte
transmission) and uart state (indicating the current state of the UART transmitter).

o F'SM(Finite State Machine)

— The FSM coordinates the flow of data between uart data tx and uart byte tx.

— generates control signals (byte send en, data_byte[7:0]) to manage the transmission

of each byte.
— monitors the byte tx done signal to determine when to send the next byte and when
the entire data transmission is complete.

e Declaration

— Clk: Clock signal to synchronize the operations.
— Rst_n: Reset signal (active low) to initialize the module.

— Baud _Set[2:0]: Baud rate setting for configuring the transmission speed. send en: En-

able signal to start the transmission process.
— data[DATA WIDTH-1:0]: Input data to be transmitted.
— uart_tx: Output signal carrying the transmitted serial data.
— uart_state: Status signal indicating the state of the UART transmitter.

— Tx_Done: Signal indicating the completion of the entire data transmission.

8.2 Design of multi-byte serial port transmitting module

e After determining the overall function and structure of the design, the next step is the code
implementation of the design. The first is the instantiation of the single-byte serial port

transmitting module, and the code is as follows:
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input Clk;

input Rst_n;

input [2:0]Baud_Set;

output uart_tx;

output uart_state;

reg [7:0] data_byte;

reg byte_send_en;

wire byte_tx_done;

uart_byte_tx uart_byte_tx(
.Clk(Clk),
.Rst_n(Rst_n),
.data_byte(data_byte),
.send_en(byte_send_en),
.Baud_Set (Baud_Set),
.uart_tx(uart_tx),
.Tx_Done (byte_tx_done),

.uart_state(uart_state)

e Setting the bit width of the input data of the multi-byte serial port sending module to 8.

parameter DATA_WIDTH = 8;

e If we want the module to send multiple bytes at once, for example, 8 bytes, we only need to
define the input data at the top level with a bit width of 64,and the parameter can be passed

to the submodule to override the constant value.

e For a multi-byte serial transmitter module, when the input send en is valid, the transmission
begins, and the state machine generates one byte of transmit data and sends an enable signal
to the single-byte serial transmitter. The state machine then waits for the byte tx done
signal to confirm that the current byte data has been sent. At the same time, the state
machine needs to judge whether the transmission is complete based on the signal count. If
the transmission is not complete, the next byte of data and the enable signal are transmitted.
If the transfer is complete, the state machine needs to generate a send completion signal

tx _done to mark the end of the multi-byte send

e A state machine needs at least four states to achieve the above functionality. The four states
are used to wait for the send to be enabled, to initiate a single-byte data send, to wait for the
single-byte data to be sent, and to check whether all data is transmitted. The corresponding

four status codes are defined as follows
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localparam SO

localparam S1

localparam S2

localparam S3

0; //Wait for the request to be sent

1; //initiate a single-byte data send

2; //Wait for the single-byte data to be sent
3;// Check that all data has been sent

e The next step is to implement the functionality of the four states, the first is the state SO,

which needs to wait for the send request signal send en to receive the incoming data and

make the state jump to S1 when the send en is valid. The corresponding codes are as follows:

S0:

begin
data_byte <= 0;
cnt <= 0;

Tx_Done <= 0;

if (send_en)begin
state <= S1;
data_r <= data;
end

else begin

state <= SO;
data_r <= data_r;
end

end

e Next is the S1 state, which needs to generate a single-byte transmit enable signal along with

a single-byte data, and make the state jump to S2. Considering that the endianness of data

will have different requirements in different application scenarios, we can define a constant

by using a parameter MSB FIRST control the size-side end-of-side Indianness of the data.

Here’s the code:

parameter MSB_FIRST = 1;

S1:
begin

byte_send_en <= 1;
if (MSB_FIRST == 1)begin
data_byte <= data_r[DATA_WIDTH-1:DATA_WIDTH - 8];

data_r <= data_r << 8;

end

else begin

data_byte <= data_r[7:0];
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data_r <= data_r >> 8;
end
state <= S2;

end

e This is followed by the S2 state, which waits for the single-byte data to be sent, i.e., the
byte tx done signal from the single-byte serial port sending module. When the signal is
valid, it means that the single-byte data has been sent, and we can count the amount of data

that has been sent based on the signal, and jump the status to S3. code

S2:

begin

byte_send_en <= 0;

if (byte_tx_done)begin
state <= S3;

cnt <= cnt + 9'd8;
end

else

state <= S2;

end

e Finally, there is the S3 state, which can be Tx Done generated by comparing the amount of
data sent with the amount of input bit width. When the amount of data sent is greater than
or equal to the input bit width, it means that all the data has been sent, and a Tx_Done
signal can be generated and the status can jump to SO to wait for the next transmission to
start. When the amount of sent data is less than the input bit width, the transmission has not
yet ended, and the status is jumped to S1 to prepare for the next byte of data transmission.

The code is as follows

S3:

if(cnt >= DATA_WIDTH)begin
state <= S0;

cnt <= 0;

Tx_Done <= 1;

end

else begin

state <= S1;

Tx_Done <= 0;

end
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e At this point, we have completed the design of the multi-byte serial port transmitter module.
As for whether the module can work properly, further verification is needed, so we need to

create a simulation stimulus file to simulate and verify the module.

8.3 Principle and design of multi-byte serial port reception

e When the serial port receiving module is working, it will receive continuous serial data, and
output the effective data in bytes. And the so-called multi-byte serial port reception, is that
after the serial port receiving module receives the data, it no longer outputs with single-byte

data, but splices the data and combines it into a multi-byte data post output.

e Combined with the multi-byte serial port transmitter module we designed earlier, to realize
the design of the multi-byte serial port receiving module, we can instantiate the single-byte
serial port receiving module, and then design a state machine to splice the data output by the
single-byte serial port receiving module. At the same time, based on the received completion
signal generated by the single-byte serial port receiving module, count the amount of data
that has been received (spliced) at present. When the spliced data reaches the specified bit
width, the data will be output.

8.3.1 Multi-byte serial port receiving principle

vart_data_rx

Baud_Set[2:0]]
uart rx data_byte[7:0] RX_Done .
Clk uart_byte_rx b_vte,rx?doni FSM tlmeout_ﬂag N
Rst_n ] data[DATA_WIDTH - 1 : OJ

;

Figure 95: Block diagram of a multi-byte serial port receiving module

e Once the overall structure of the design has been determined, the next step is the code
implementation of the design. The first is the instantiation of the single-word serial port

receiving module, and the code is as follows:

input Clk;

input Rst_n;

input uart_rx;

wire [7:0] data_byte;
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wire byte_rx_done;

uart_byte_rx uart_byte_rx(
.Clk(Clk),

.Rst_n(Rst_n),

.baud_set (Baud_Set),
.uart_rx(uart_rx),
.data_byte(data_byte),

.Rx_Done (byte_rx_done)

)

In order to adapt the design to more application scenarios, we can use parameter to define
the output bit width of the multi-byte serial receiver module to 16. In this way, when we call
the module, we can modify the output bit width of the module at any time through the top

level. Here’s the code:

parameter DATA_WIDTH = 16

Next, it’s time to think about how to generate a receive timeout signal. For serial port
reception, different baud rates are used in different application scenarios, and the frequency
of data transmitted by the serial port is also different under each baud rate. So how can we

tell if the receive is a timeout?

Here, we refer to the modbus definition of serial transmission timeout. In modbus, the in-
terval between messages is specified to be greater than 3.5 characters, i.e. the transmission
is considered new if it exceeds 3.5 characters. Based on this, in this design, we believe that
when receiving data through the serial port, once the data exceeds 3.5 characters, it is a

reception timeout.

Taking the commonly used 115200 baud rate as an example, we can calculate that the time
required for the serial port to receive one byte of data normally is 1/115200 % 109 % (1 + 8 +
1) = 86.805us. Then, if the serial port does not receive data for more than 86.805 x 3.5 =
300.8175us, it can be regarded as a timeout.

In this design, we are using a 50MHz clock, which is 20ns per clock cycle. The time it takes
for a serial port to receive one byte of data can be determined by counting the rising edge of
the clock between the two serial ports receiving the completed signal. Therefore, we can find
the receive timeout when the count value is greater than 00300.8175 * 103/20 — 1 = 15190.

As soon as we receive a timeout, we let it generate a timeout flag.

In this design, we are using a 50MHz clock, which is 20ns per clock cycle. The time it takes

for a serial port to receive one byte of data can be determined by counting the rising edge
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of the clock between the two serial ports receiving the completed signal. Therefore, we can
find the receive timeout when the count value is greater than300.8175 % 103 /20 — 1 = 15190.

As soon as we receive a timeout, we let it generate a timeout flag.

e As for when the counter should be counted, we can make the counter work at the beginning
of each byte receive and be cleared to zero when the byte receive is complete. Specifically,
the low-level start signal (!) when transmitting through the serial port is used. uart rx), and
the byte rx done signal generated by a single-byte serial receiving module after receiving a
byte. Therefore, the design code for judging and generating the serial port receiving timeout

flag signal is as follows:

parameter TIMEQUT = 15190;//115200 is 15190,9600 is 182292
reg [31:0]timeout_cnt;
always@(posedge Clk or negedge Rst_n)
if ('Rst_n)

timeout_flag <= 1'd0;

else if(timeout_cnt >= TIMEQUT)
timeout_flag <= 1'dl;

else if(state == S0)

timeout_flag <= 1'd0;

reg to_state;

always@(posedge Clk or negedge Rst_n)
if (!Rst_n)

to_state <= 0;

else if (luart_rx)

to_state <= 1;

else if (byte_rx_done)

to_state <= 0;

always@(posedge Clk or negedge Rst_n)
if (!Rst_n)

timeout_cnt <= 32'dO;

else if (to_state)begin

if (byte_rx_done)

timeout_cnt <= 32'd0;

else if (timeout_cnt >= TIMEQUT)
timeout_cnt <= TIMEOUT;

else

timeout_cnt <= timeout_cnt + 1'dil;

end

o After designing the receive timeout signal, the next step is the state machine. Combined with
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the previous principle analysis and structural diagram, we can know that the workflow of

the state

machine in this design is as follows:

1. Wait for the receipt completion signal of the single-byte receiving module, cache the

first

byte of data, count the cached data

2. Start timeout counting, if the next transmission completes the signal before the reception

times out, a Rx_Done signal is generated, and the transmission ends. If it does not time

out, the new byte of data is concatenated and the cached data is counted.

3. Compare the bit width of the cached data with the output data and check whether all

data has been received. If completed, a Rx_Done signal is generated and the transmis-

sion

ends. If you don’t finish, proceed to step 2

e Therefore, the whole state only needs three states to implement the function, and the state

is defined

and initialized as follows:

localparam SO
localparam S1

localparam S2

2;// Check if all data has been received

0;// Wait for a single-byte received completion signal

1;// Determine whether the receive timed out

e The next
scenarios,
to define

codes are

step is the implementation of the SO state, considering that in different application

there may be different endianness requirements for the data, we can use parameter
a constant MSB _FIRST control the size-side endianness of the data. The status

as follows:

S0:

begin

Rx_Done <= 0;
data_r <= 0;
if (DATA_WIDTH

== 8)begin

data <= data_byte;

Rx_Done <= byte_rx_done;

end

else if (byte_rx_done)begin

state <= S1;

cnt <= cnt + 9

'd8;

if (MSB_FIRST == 1)

data_r <= {dat
, data_bytel};
else

data_r <= {dat

a_r[DATA_WIDTH - 1 - 8 : 0]

a_byte
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, data_r[DATA_WIDTH - 1 : 8]};
end

end

e This is followed by an implementation of the S1 state, with the following code:

S1:
if (timeout_flag)begin
state <= 0;

Rx_Done <= 1;

end

else if (byte_rx_done)begin

state <= S2;

cnt <= cnt + 9'd8;

if (MSB_FIRST == 1)

data_r <= {data_r[DATA_WIDTH - 1 - 8 : 0], data_byte};
else

data_r <= {data_byte, data_r[DATA_WIDTH - 1 : 8]};

end

e Finally, there is the implementation of the S2 state, which is as follows:

S2:

if (cnt >= DATA_WIDTH)begin
state <= SO;

cnt <= 0;

data <= data_r;

Rx_Done <= 1;

end

else begin

state <= S1;

Rx_Done <= 0;

end

e At this point, we have completed the design of the multi-byte serial port receiver module.
As for whether the module can work , further validation is required, so the next step is to

create a simulation stimulus file to simulate and verify the module.
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8.4 Create a top-level package for testing

e Although we have verified the feasibility of the functions of the two modules through simula-

tion tests, there will always be discrepancies between simulation and the actual application

situation, considering that simulation is the ideal condition after all. Therefore, the design

also needs to undergo board-level testing to verify its functional integrity.

e In order to facilitate the test, here we create a new top-level, instantiation multi-byte serial

transceiver module, and connect the output of the receiving module with the input of the

sending module. In this way, the data received by the receiving module will be sent out

through the sending module, and then through the serial port debugging software on the

computer side, a simple serial port loopback can be realized. By judging whether the data

in the loop is consistent, you can know whether the module function is realized.

e The top-level code is as follows:

module uart_loopback(
Clk,

Rst_n,

uart_rx,

led,

uart_tx

);

parameter DATA_WIDTH = 32;
parameter MSB_FIRST = O;
input Clk;

input Rst_n;

input uart_rx;

output [1:0]1led;

output uart_tx;

wire [DATA_WIDTH-1:0]data;
wire Rx_Done;

wire [7:0]data_byte;
uart_data_rx

#(
.DATA_WIDTH(DATA_WIDTH),
.MSB_FIRST(MSB_FIRST)

)

uart_data_rx(

.Clk(C1k),
.Rst_n(Rst_n),
.uart_rx(uart_rx),
.data(data),
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.Rx_Done (Rx_Done) ,
.timeout_flag(led[0]),
.Baud_Set (3'd0)

);

uart_data_tx

#(
.DATA_WIDTH(DATA_WIDTH),
.MSB_FIRST(MSB_FIRST)
Juart_data_tx(
.C1k(Clk),
.Rst_n(Rst_n),
.data(data),
.send_en(Rx_Done) ,
.Baud_Set(3'40),
.uart_tx(uart_tx),
.Tx_Done(led[1]),
.uart_state()

);

endmodule

e In the top layer, the DATA WIDTH is set to 32, the baud rate is 9600, and the timeout

signal, send completion signal, and serial port status signal are connected to the LED light

for display.

8.5 Testing with board

Base on the number of DATA WIDTH you are setting,when fpga receive enough data it will

send you again the data in hercules.In my example I setting 32bit data.The result of example is

like figure below:
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Figure 96: Testing UART multiple byte resut
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