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Part One: Introduction to Zynq_7030 Development

System

1 SystemDesign Objective

The main purpose of this system design is to complete FPGA learning, development and
experiment with Xilin-Vivado. The main device uses the XC72030-1FFG676C. The main learning
and development projects can be completed as follows:

1 Basic FPGA design training

2 Construction and training of the SOPC (Microblaze) system

3 IC design and verification, the system provides hardware design, simulation and verification
of RISC-V CPU.

4 Based on RISC-V development and application.

5 The system is specifically optimized for hardware design for RISC-V system applications.

2 System Resource

Extended memory: two DDR3 (PL end) four DDR3 (PS end)
32M serial FLASH memory

Serial EEPROM

Gigabit Ethernet (one for PS end and one for PL end)

USB to serial interface: USB-UART bridge

“u b W N BB

3 Humancomputer Interaction Interface

8-bit DIP switches

A total of 8 push buttons, 7 of which are defined as (MENU, UP, RETUN, LEFT, OK, RIGHT,
DOWN), one push button is defined as FPGA hardware reset (RESET)

8-bit LED

6 7-segment display

N =

12C bus interface

o b~ W

Two JTAG programming interfaces: one for the FPGA download debug interface, one for
the RISC-V CPU JTAG debug interface

Built-in RISC-V CPU software debugger, no external RISC-V JTAG emulator required
8 One 12-pin GPIO connector, in line with PMOD interface standard

~N



4 Software Development System

1 Vivado 18.1 and later version for FPGA development, Microblaze SOPC
2 Freedom Studio-Win_x86_64 Software development for RISC-V CPU

5 Supporting Resources

RISC-V JTAG Debugger

Xilinx JTAG Download Debugger
FII-PE7030 PE7030 Harware Reference Guide
FII-PE7030 PE7030 User Experimental Manual

6 Physical Display

°

°

=
2
2
z
b
i
8
8
<
®
°

Figure 1 FII-PE7030 physical picture
Corresponding to the physical picture, the main components of the development board are as
follows:
ZYNQ_7030 chip
RISCV_JTAG download port
Fiber interface
HDMI interface
Potentiometer
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GPIO interface
HDMI chip (ADV7511)
FPGA download port
FMC interface
RISC-V download port
8-bit DIP switch
8-bit LED
7 push buttons
6 seven-segment display
USB interface
reset button (RESET)
SD card
Ethernet interface (PS end)
Audio output (green) and audio input (red)
Ethernet interface (PL end)
External 12V power connector



Part Two: zynq_7030 Main Resources Usage and FPGA

Development Experiemnt

This part mainly guides the user to learn the development of FPGA program and the use of
onboard hardware through the development example of FPGA. At the same time, the application
system software Xilinx is introduced from the elementary to the profound. The development
exercises covered in this section are as follows:

Experiment 1: LED shifting design

Experiment 2: ILA experiment

Experiment 3: Segment display digital clock experiment
Experiment 4: button debouncing experiment
Experiment 5: digital clock comprehensive experiment
Experiment 6: use of multiplier and ISIM simulation
Experiment 7: hex to BCD conversion and application
Experiment 8: usage of ROM

Experiment 9: use dual-RAM to read and write frame data
Experiment 10: asynchrounous serial port design and experiment
Experiment 11: lIC transmission experiment

Experiment 12: HDMI experiment

Experiment 13: Ethernet experiment



Experiment 1 LED Shifting Design

1.1 Experiment Objective

1 Practice how to use the development system software Vivado to establish a new project,
call the system resource PLL to establish the clock.
Write Verilog HDL program to achieve frequency division and implement LED shifting
Combine hardware resources for FPGA pin configuration
Compile, download the program to the develop board, and verify

u A W N

Observe the experimental result and debug the project

1.2 Experiment Implement

All LEDs light up during reset;

After reset, LED lights from low to high (from right to left) in turn;

Each LED is lit for one second;

After the last (highest position) LED is lit, the next time it returns to the first (lowest

A W N -

position) LED, the loop is achieved;

1.3 Experiment

vMbo AMOI5Y G NR RdzOG A 2 Y

LED (Light-Emitting Diode), is characterized by low operating current, high reliability and long
life. Up to now, there are many types of LED lights, as shown in Figure 1.1. The FII-PE7030 uses the
LED lights in the red circle.

Figure 1.1 Different kinds of LEDs

MbPo dlHF NRg I NB 5SaArdy

The physical picture of the onboard 8-bit LED is shown in Figure 1.2. The schematics of LED
is shown in Figure 1.3. The LED module of this experiment board adopts 8 common anode LEDs,



which are connected with Vcc 5V through 510 R resistors, and the negative electrode is grounded
through the N-channel field effect transistor (FET), the gate of the FET is grounded through a 4.7K
resistor, and the FPGA is connected to the gate of the FET through the GPIO_DIP_SW
terminal.When the FPGA outputs a high level of 1, a current flows through the LED, and it is

turned on.
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Figure 1.3 Schematics of LED
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1.3.3.1 Start Program
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Before writing a program, let's briefly introduce the development environment we use and
how to create a project. Take Vivado 18.2 as an example. The specific project establishment steps
are shown in Figure 1.4 to 1.9.

The first step: open the Vivado 2018.2 integrated development environment

4 Vivado 20182 - = x
Ele  Flow Tooks Window bem

VIVADO! £ XILINX.

HL Editions

Quick Start

Tasks

Marniage 1P >
Open Hardware Manager >
Xl Tl Store >

Learning Center

Documentation and Tutorials >
Quick Take Videos >
Release Nates Guide >

Figure 1.4 Vivado development environment
The secodn step: under the v dzA O 1 grouplin-tHdhain interface of the Vivado 2018.2,
clickthe/ NB I (i S optidi® Brisglipithe/ NBI 0SS | b S g diato ok ARRb $ W 2 S O
to bringup thet NP 2 S OdialogpbbxYrFigure 1.5, determine the project name and project
location. Take this experiment as an example, set the parameters according to the figure.

# Mew Project *

Project Name

Enter a name for your project and specify a directory where the project data files will be stored. ‘

Projectname:  |LED_shifting |

Project location: E:fwork/7030 II‘

| Create project subdirectory

Project will be created at: Exwork/7030/LED_shifting

o

Figure 1.5 New Project-Project Name dialog box

1 Project name: LED_shifting
2 Project location: E:/work/7030
The third step: click the b S Bulton in Figure 1.5 to bring up thet N2 2 S Qlidlog &, bIS

11



shown in Figure 1.6.

¢ New Project X

Preject Type
Specify the type of project to create. '

» RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
implementation, design planning and analysis.

| Do not specify sources at this time

Post-synthesis Project. You will be able to add sources, view device resources, run design analysis, planning and
implementation.

110 Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify, XST or ISE Project File.

Example Project
Create a new Vivado project from a predefined template.

./. -\.
?) < Back Cancel

Figure 1.6 New Project-Project Type dialog box
1 Choosew ¢tf N2 2SO
2 Check5 2/ 2&1LJS @ 2 2 NIBXKAK A Y S
The fourth step: click the b S Buiton in Figure 1.6 to bring up the 5 S F It dzftdiog.
In order to speed up the search for the device, as shown in Figure 1.7, set the parameters

according to the figure.

Category ALL

Family Zynqg_7000
Package ffgb76

Speed -1

Temperature All Remaining

“u b W N

The window shown in Figure 1.7 lists the devices available for selection. In this design, the
device model numberisEOTT nom¥F3cTc

The fifth step: click the b S Buitton in Figure 1.7to bringuptheb S 6 t NR 2 S Qlialog{ dzY Y I NE
box, as shown in Figure 1.8. This dialog box explains the type, name, and device information of the
new project.

The sixth step: click the C A ybAitébrKin Figure 1.8 to complete the creation of the new project.

After the creation is successful, Vivado automatically transferstothet wh W9/ ¢ a! b! D9 w
interface, as shown in Figure 1.9, for developers to proceed to the next step.

12



¢ Mew Project

Default Part

Choose a default Xilinx part or board for your project. This can be changed later.

Parts | Boards

Reset All Filters

Category: | All w Package: figG76 w Temperature:
Family: Zyng-7000 L Speed: -1 L
Search: | O~ Y
Part /O Pin Count  Awailable I0Bs  LUT Elements  FlipFlops  Block RAMs  Ultra RAMs
¥c¥z030ffg676-1 676 250 78600 157200 265 0
xc7z035ffgh76-1 676 250 171900 343800 500 0
xc7z045ffgB76-1 676 250 218600 437200 545 0
<

All Remaining

DSPs GbT
400 4
900 8
900 8

Cancel

Figure 1.7 Default Part dialog box

¢ Mew Project

VIVADO!

HLy Editions

& XILINX.
@

New Project Summary
o Anew RTL project named ‘led_shifting” will be created.

0 The default part and product family for the new project;
Default Part: xc¥z030fg676-1
Product: Zyng-7000
Family: Zyng-7000
Package: ffgE76
Speed Grade: -1

To create the project, click Finish

Cancel

Figure 1.8 New Project Summary dialog box
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Vivado 20182 a %

Ve Halp

Oetaust Layean

Projuct Summary

Creas Biock Design

Mesrarchy a & Ores Sprheses impiementanc

Statis

Propecties
usssages:

a0esign Srategy

Report Sxategs

DRC Vislaioes Timing

inVivador2018 2iataiy’

Figure 1.9 PROJECT MANAGER interface
1.3.3.2 Create and Add a New Design File

After the new project is created, continue to create the file (Verilog HDL file). The steps are as
follows.

The first step: selectthe 5 S& A 3y fdlder deddOtBed 2 dzNIGoH, click the icon
in the window, or click the right mouse button to bring up the floating menu, execute the! R R
{ 2 dzN#drdnd,and! RR { HididgBoS@bdps up. As shown in Figure 1.10, select! RR 2 NJ
ONBIF(GS RSaAdy az2dzaNDSa

14



¢ Add Sources >

Add Sources

/’
Vlvﬁgp This guides you through the process of adding and creating sources for your project

Add or create constraints
® Add or create design sources

Add or create simulation sources 1

& XILINX.

S

Figure 1.10 Add Sources dialog box
The second step: click the b S button in Figure 1.10 to bring up the! RR
{ 2 dzNilaI&g &ox, as shown in Figure 1.11.

¢ Add Sources >

2NJ / NBFGS

Add or Create Design Sources
Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. '
Create a new source file on disk and add it to your project.

+

F

Use Add Files, Add Directories or Create File buttons below

Add Files ‘ ‘ Add Directories ‘ ‘ Create File

@ Mext = Finish Cancel

Figure 1.11 Add or Create Design Sources dialog box

15



The third step: click the/ NB | {ibGttorCid Ffguse 1.11; or click the icon , the floating
menu appears, selectthe/ NBF @S CAf S
The fourth step:the/ NB I (S { daldghdx Bops@p &s Bown in Figure 1.12.

4 Create Source File >

Create a new source file and add it to your
project. '

File type: @ verilog v

File name: LED_shifting

File location: | « <=Local to Project= w

©

Figure 1.12 Create Source File dialog box

In the dialog box, set the file type and file name as follows.

1 File type Verilog

2 File name LED_shifting

3 File location Local to Project
¢ Define Module >

Define a module and specify /0 Ports to add to your source file.

For each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. '
Paorts with blank names will not be written.

Module Definition

Maodule name: |LED_shifting

'O Port Definitions

-

PortMame  Direction Bus MSB LSB

input

@

Figure 1.13 Define Module dialog box



The fifth step: click the h Ybutton in Figure 1.12 to exitthe/ NB I (1S {dakdgNDOS CAf S

The sixth step: add the [ 9 5 @ & K filéfditHe fidogPgBown in Figure 1.11.

The seventh step: click the C A ybutofin Figure 1.11 to bringupthe 5 ST A Yy S dal@&R dzf S
box, as shown in Figure 1.13.

Inthe5 ST A Y S dal@BodzthSport of the module can be defined, or in the later
design file. This design directly defines the portinthe5 S ¥ A y S dial@ Bodzfh8input signal
of the design are clock signal (differential clock) and external hardware reset signal, the output
signal are 8 LEDs. Set the parameters according to the figure shown below. The setting result is
shown in Figure 1.14.

1 For clock signal, Port Name inclk_p Direction input
Port Name inclk_n Direction input
For external reset signal, Port Name rst Direction input
For 8-bit LED signal, Port Name: led; Direction: output; check the . dziption, set MSB

to 7, and LSB to 0.

The eighth step: click the h Ybutton to complete the creation of the design file. As shown in
Figure 1.15,the[ 9 5 & K filéfisiaddef dnde@Pthe 5 S & A Iy fdlder dzbhEXS2dzND S a
window.

¢ Define Module X

Define a module and specify 10 Ports to add to your source file,

Faor each port specified:
MSB and LSB values will be ignored unless its Bus column is checked. '
Ports with blank names will not be written.

Module Definition

Module name: | LED_shifting |

1'Q Port Definitions
+ |
PortMame  Direction Bus MSB LSB |
inclk_p input  w
inclk_n input  w
rst input  « '
led output » & 7 0

Pl
II\?I.I Canl:e'

Figure 1.14 Define Module dialog box (for port difinition)
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Sources ? 00 X
Qx| ¢+ o
~ Design Sources (1)

@.. LED_shifting (LEC_shifting.v)
» Constraints

> Simulation Sources (1)

Hierarchy = Libraries Compile QOrder

Figure 1.15 Add [ 9UB& AyFIifhed

The ninth step: double-clickthe[ 9 5 & K fileftdiopey tHed&ign file, as shown in Figure

1.16.
Project Summary x LED_shiftingy 200
E:fwork/7030/LED_=hifting/LED_shifting.srcs/sources_1/newi/LED_shifting.v *
Q s B B X N B Q &
~N

1 “timescale Ins / lps

3 // Compan

4 /" Engineer

6 // Create Date g
7 // Design Name

8 // Module Name: LED shifting
9: // Project Name

10 '/ Target Devices

11 '/ Tool Versions
12+ // Description:

131 //

14 7 Dependencies

15 /7

16

17

18 |

19 |

208

21 |

22 |

23 L%J module LED_shifting(
o4 input inclk_p,
25 input inclk_n,
26 input rst,

27 ! output [7:0] led

28 | )

20¢) endmodule
<
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Figure 1.16  Design file interface
The tenth step: in the module of the design file, design and write the code. (If the module
port is not defined inthe 5 S F A y S dal@ Raizth&design file is opened as shown in Figure
1.17 and needs to be defined here.)

23 module LED_shifting(
24
),

26 endmodule

Figure 1.17 Design file interface when the port is not defined in advance

1.3.3.3 Introduction to the Program

The first step: the establishment of the main program framework (port design)
module LED_shifting(

input inclk_p,
input inclk_n,
input rst,

output reg [7:0] led
);
endmodule
The input signals of this experiment have differential clock signals A Yy O fanfl & YJO freset) y
signal NJafid output signal 8-bit LED, which is defined by the bus formoff SR T Yn 8 @

The second step: IP core invoking
In this experiment, a 100MHz clock is required as the operating clock of the following
frequency division module, and the onboard input clock is a 200MHz differential clock, so the PLL
frequency division is used to obtain a 100Mhz clock. Steps as follows.
1 IntheCf 26 b | o@theddft Gidk Nthe Vivado main interface, select and expand
thet h wW9 / ¢ aoptibnitdFiBdwhe L t  / lopitibnf a@sBbwn in Figure 1.18.

Flow Navigator = £ ? _
% PROJECT MANAGER
& Settings
Add Sources
Language Templates

TP Catalog

Figure 1.18 IP core
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Project

Cores

Summary  x IPCatalog  x

| Interfaces

T 2 B @ ®

Mame

~ Vivado Repository

Alliance Partners

Audio Connectivity & Processing
Automaotive & Industrial

Al Infrastructure

AXIS Infrastructure

BaselP

Basic Elements
Communication & Metwarking
Debug & Verification

Digital Signal Processing
Embedded Processing

FPGA Features and Design
Kernels

Wath Functions

Memories & Storage Elements
Partial Recanfiguration
SDAccel DSA Infrastructure
Standard Bus Interfaces
Video & Image Processing

Video Connectivity

A1 AN

Status

License

VLN

Details
Mame Clocking Wizard A
Wersion 6.0 (Rev. 1)
Interfaces: AXl4
Description:  The Clocking Wizard creates an HDL file (Verilog or VHDL) that contains a clocking circuit customized to the user's clocking requirements.
Status: Production
Figure 1.19 IP core content window
2 ClickL t / [ andtHe idtelface will pop up on the right side of the main interface. The

3

IP addresses available in vivado are in this directory, as shown in Figure 1.19.

Use search to quickly find the IP core to use, enter clocking in the search bar, and the

available clock IP core resources appear below, as shown in Figure 1.20, selectthe/ f 2 O1 A y 3

2 AT lophide.

Project Summary x| IPCatalog  x oo
Cores | Interfaces
2 [® @ F # @ O clocking o
Name A1 A4 Status License
w Vivado Repository
£ FPGA Features and Diesign
~ Clocking
“F Clocking Wizard AXl4 Production Included
< »
Details
Mame: Clocking Wizard
\orcino O Eou Ay ~
Figure 1.20 Searching for the target IP core
4 Double-clickthe/ £ 2 O1 A ytd britghd the NBza U 2 Ydklbg$ox,lastshown in
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Figure 1.21, set it according to the following parameters.

| #

]
Clocking Wizard (6.0)

| @ Documentation 7" IPLocation (C: Switeh to Defaults
IP Symbol  Resource Component Name |clk_wiz_0
/| Show disabled ports Clocking Options ~ Output Clocks | Port Renaming | MMCM Settings | Summary
Clock Monitor
Enable Glock Monitoring
Primitve
| . © MMCM () PLL
" +
+
Clocking Features Jitter Optimization
+
+ 7| Frequency Synthesis | | Minimize Power ® Balanced
+|lI
| Phase Alignment Spread Spectrum Minimize Outout Jitter
- reset Dynamic Reconfig Dynamic Phase Shift Waximize Input Jitier filtering
Safe Clock Startup
clk_our1 =
locked = Dynamic Reconfig Interface Options
= clk_in1
Input Clock Information
INpUIClock  FortName  Input Frequency(MHz) Jitter Options InputJiter  Source
Primary dli_int 100.000 10.000-800.000 | UI -~ looto Single ended clock capable -
Secondary  dlk_in2 100.000 0.010 .

>

Figure 1.21 PLL setting interface
1) Inthet NJR Y htérfacg] Slect thet [, 4s shown in Figure 1.22.
2) Inthe/ £ 2 O1 A Y dnteffatdiithed JNA Ydodddr the Ly LIdzi / £ 201 Ly F2NXYI
dialog box, Input Frequency: 200; Source: Differential clock capable pin (the input clock
is a differential clock with a frequency of 200MHz), as shown in Figure 1.23.
3) Inthe h dzii LJdz{i interfac®, @b utput clock Of | () Pulplit¥req: 100, Phase: 0,
Duty Cycle: 50 (output clock is 100MHz, phase offset is 0, duty cycle is 50%) as shown in
Figure 1.24.

Primitive

MMCH (= FLL

Figure 1.22 Choose PLL

Input Clock Information

Input Clock Port Name Input Frequency(MHz) Jitter Options Input Jitter Source
Primary clk_in1 200.000 10.000 - 800.000 ul - 0.010 Differential clock capable pin | ~
Secondary clk_in2 100.000 0.010

Figure 1.23 PLL Input Clock Settings

Clocking Options OQutput Clocks Port Renaming MMCM Settings Summary

The phase is calculated relative to the active input clock.

Output Freq (MHz) Phase {degrees) Duty Cycle (%) .

Output Clock Port Name Drives
Requested Actual Requested Actual Requested Actual

| cli_outt clk_outt 100.000 100.000 0.000 0.000 50.000 50.0 BUFG

21



Figure 1.24 PLL output Clock Settings

4) Clickthe h Youtton to complete the setupandthe D Sy SNJ (S h dzdiddgsiox t NB RdzO (i &

will pop up. As shown in Figure 1.25.

# Generate Cutput Products

The following output products will be generated.

Preview
Q = =
. -
w TF[m] clk_wiz_0.xci (OOC perIP)

(il Instantiation Template
Uil Synthesized Checkpoint {.dcp)

Ui Structural Simulation

Synthesis Options

Global
» Out of context per IP

Run Settings

Mumber of jobs: | 3 ~

|,-_-\|
M

Figure 1.25 Generate Output Products dialog box

5) Clickthe D Sy S bhittdh £ generate the PLL.

Inthe{ 2 dzNJid&ow& of the main interface, click the L t

{ ZcalzMif)Sick the IPcoret [ [

in the L tfolder, expand the LY & G I y i A I {, as2sfowndirSFglud 126, $here is a PLL

instantiation template filet [ [ @S 2
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Sources ?2 _ 00O X

v PLL (29)

<

Instantiation Template (1)
» Synthesis (12)

> Simulation (10)

» Change Lag (1)

¢ PLL.dcp

@ PLL_sim_netlistvhdl

__________ o Pl sim onetliste . ___ ..
Hierarchy IP Sources Libraries Comp =

Figure 1.26 Generate an instantiation template for the PLL
The third step: instantiate the PLL into the design file

wire sys_clk
wire pll_locked
clk_wiz_0 clk_wiz_0_inst(

.ck_inl_p (inclk_p),
.clk_inl_n (inclk_n),
.reset (1'b0),
.locked (pll_locked),
.clk_outl (sys_clk)

When the system is powered on, the f 2 (v)slgf&Ithas a value of 0 before the PLL locks
(stable operation). f 2 Oi} HigRafter the PLL locks, and the clock signal & & & guépfitsinormally.

The fourth step: determine the reset signal

& & yidBedias the reset signal of the frequency division part, and S E (i ip & és the
reset signal of the shifting LEDs. It is driven by the rising edge of the clocka & a,Jt®f |

synchronously reset by the primary register.

reg sys_rst;
reg ext_rst;
always @ (posedge sys_clk)
begin

sys_rst <= Ipll_locked;

ext_rst <= rst;

end

The fifth step: design the frequency division
The design uses the 100MHz clock & & &oGxpuited by the PLL as the system clock. The
experiment requires the moving speed of the shifting light to be 1 second. The frequency division
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design is used to first obtain the lus after the microsecond frequency division, and then it is
divided by milliseconds to get 1ms, and finally divided by seconds to get 1s clock.

1 Microsecond frequency division

reg [6:0] us_cnt;
reg us_f;
always @ (posedge sys_clk)
begin
if (sys_rst) begin
us_cnt<=0;
us_f <=1'b0;
end
else begin
us_f <=1'b0;
if (us_cnt == 99) begin
us_cnt<=0;
us_f<=1'bl;
end
else
us_cnt<=us_cnt+ 1'bl;
end

end

The 100MHz clock has a period of 10ns, and 1us requires 100 clock cycles, that is, 100 10ns.
Therefore, a microsecond counter dz& P O Y &ind adrdcbsecdnd pulse signal dz& drefdefined.
The counter is cleared at reset. On each rising edge of the clock, the counter is incremented by
one. When the counter is equal to 99, the period of 1us elapses, and the microsecond pulse
signal dza i plulled high. Thus, every 1us, this module will generate a pulse signal.

2 Millisecond frequency division
Similarly, 1ms is equal to 1000 1us, a millisecond counter Y & O ¥ {ia miords¥cond pulse
signal Y & @iré defined.
reg [9:0] ms_cnt;

reg ms_f;
always @ (posedge sys_clk)
begin
if (sys_rst) begin
ms_cnt <=0;
ms_f <=1'b0;
end
else begin
ms_f <=1'b0;
if (us_f) begin
if (ms_cnt == 999) begin
ms_cnt <=0;
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ms_f<=1'b1;

end

else
ms_cnt <=ms_cnt + 1’b1;

end
end
end
3 Second frequency division

Define a second counter & Y O Y (j oneaeporidipBise signal & Y\When the three counters are
simultaneously full, the time passes for 1 s and the second pulse signal is issued.

reg [9:0] s_cnt;
reg s f;
always @ (posedge sys_clk) begin
if (sys_rst) begin
s_cnt<=0;
s_f<=1'00;
end
else begin
s_f<=1'00;
if (ms_f) begin
if (s_cnt ==999) begin
s_cnt <=0;
s_f<=1'b1;
end
else
s_cnt<=s_cnt+ 1'bl;
end
end
end

The sixth step: shifting LED design
When resetting, 8 LED lights are all on, so the value of the output led isy Y KHRerfthe LED
light needs to shift, so at first the lowest LED is lit. At this time, thevalueofledisy U o nnn,nygnnnm
when the second pulse signal arrives, the next LED light is turned on. At this time, the value of led
isy 4 0 n n n.tganbe seen that as long as the high level of "1" is shifted to the left, it can be
realized by bit splicing, that is, led <= {led[6:0], led[7]}.
always @ (posedge sys_clk)

begin
if (ext_rst)
led <= 8'hff;
else begin
if (led == 8'hff)
led <= 8'b0000_0001;
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else if (s_f)
led <= {led[6:0], led[7]};
end

end

1.4 Experiment Verification

The first step: design synthesis

1 Expandthe{ , b ¢ | dptfoh ynderthe Ct 2 & b @ikdaw o theNaft side of the
Vivado main interface, and clickw dzy” { & 6 fleKoBnéitte design synthesis. There are two
purposes.

1) Check for syntax errors
2) Forming a tree-like hierarchical relationship of the project

2 After the integration is complete, the { @ Y (i K S & A & dialog b6xidf diSplbyadR as
shown in Figure 1.27. Select h LISy { & y (i K SabdicliclSthe h Sisitdoh td gben the
analysis and the integrated design.

The second step: add the constraint

After the integration process is successfully completed, a consolidated netlist is generated.
Before implementing the board verification, the pins and some other signals need to be
constrained. There are two ways to implement constraints. One is to use the I/O planning
function in Vivado, and the other is to directly create an XDC constraint file and manually enter
the constraint command. The first method was used in this experiment.

1 After completing the previous step, in the opening integrated design, click [ | & 8ndzii
the Vivado menu bar, the floating command window appears, and selecttheL Kk h LI | Y'Y Ay 3
command, as shown in Figure 1.28.
2 After executing the command, the Vivado main interface automatically jumps to the
I/O pin assignment interface, as shown in Figure 1.29. The upper tI O 1 iddSw shows the
device package and I/0 distribution, and the lower I/O Ports window shows all the 1/0 port
information of the design.
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Synthesis Completed

o Synthesis successfully completed.

Next
Bun Implementation
(*) Open Synthesized Design

View Reports

Dont show this dialog again

Figure 1.27 Synthesis Completed dialog box

i Layout View Help Q.- Quick A

: ¥ o= Default Layout

ZEDI = /0 Planning (activ
== Floorplanning
M
== Debug

B=  Timing Analysis

nal

— Save Layout As..
By
W
INE (
o]
Reset Layout F5
o]

Figue 1.28 Excute I/0O planning
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Sources Netlist x Device x | LED_shifting.v x | PLLveo x

Q
~ Internal VREF

0.6V ~

0.675Y

075V

o.av
v NOMNE (5

/0 Bank 12

Device Constraints ?

Package

/0 Bank 13
/0 Bank 33
/0 Bank 34
/0 Bank 35

Drop IO banks on voltages or the "NOME™ folder to setfunset Internal
VREF.

IO Port Bus Properties % Clock Regions ?_0O0
4 led - o
led_OBUF[7]_inst © |
led_OBUIF[6]_inst O |
led_OBLIF[S]_inst O |
led_OBUF[4] inst O |
led_OBUF[3]_inst O |
led_OBUF[2]_inst O |
led_OBUF[1]_inst © |
led_OBUIF[0]_inst O |
General /0 Ports Magnify ~ Power
Tcl Console Messages Log Reports Design Runs Package Pins 110 Ports X 2 _00O
Q = £ = + 4 &
Mame 1 Direction Meg Diff Pair  Package Pin Fixed Bank I/OStd Weeo Vref  Drive Strength Slew Ty
~ All ports (11)
> 4 led (8) ouT default (LVCMOS18) ~ 1.800 12 ~  SLOw
> Scalar ports (3
< >

Figure 1.29 Pin assignment interface

Pin assignment for each | / O, the pin mapping table is shown in Table 1.1, and the
allocation result is shown in Figure 1.30.

Table 1.1 LED shifting experiment pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input clock(differential)
inclk_n SYSCLK_N AD13 200MHz

rst GPIO_SW_2 F4 External reset
led[0] GPIO_DIP_SWO Al7
led[1] GPIO_DIP_SW1 E8
led[2] GPIO_DIP_SW2 C6
led[3] GPIO_DIP_SW3 B9 8-bit LED
led[4] GPIO_DIP_SW4 B6
led[5] GPIO_DIP_SW5 H6
led[6] GPIO_DIP_SW6 H7
led[7] GPIO_DIP_SW7 G9
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Tcl Console Messages Log Reports Design Runs Package Pins 1i0 Ports x 2 _0O0
Q = = |6+ H &
Mame Direction ~1 NegDiffPair Package Pin Fixed Bank 110 Std Veco Vref  Drive Strength
~ [ Al ports (11}
~ & led(3) ouT v (Multiple) LVCMOS15* ~ 1500 12
led[7] ouT G9 - v 34 LVCMO3S15* - 1.500 12
led[d] ouT H7 A ¥ 34 LVCMOS15* - 1500 12
led[5] ouT HE - v 34  LVCMOS15* - 1500 12
led[4] ouT B& A v 34 LVCMOS15* ~ 1500 12
led[3] ouT B9 i v 34 LVCMOS15* ~ 1500 12
led[Z] ouT CB - v 34  LVCMOS15* - 1500 12
led[1] ouT E& A ¥ 34 LVCMOS15* - 1500 12
led[0] ouT AT w v 35 LVCMOSs15* - 1500 12
|, Scalar pors (3)
Einclk_p N inclk_n AC13 i v 12 | DIFF_HSTL_lI_18 -
B rst N F4 - v 33 LvCMOs18 - 1.800
< >

Figure 1.30 Pin assighnment

The third step: implementation

After the pin assignment is completed, expandL at [ 9 a 9 bidth€¢Qth2os bl SA Il {2 NJ
window on the left side of the Vivado main interface, click w dzy” L Y LJ 25/4n8& tyfel{ [ (DAS
I 2y & ( &idiod bgxibéps up, as shown in Figure 1.31.

¢ Save Constraints x

Select a target file to write new unsaved constraints to.
Choosing an existing file will update that file with the new '
constraints.

® Create a new file

File type: I XxDC w

File name: LED_s=hifting

File location:  « <Local to Project= b

=5elect a target file=

Figure 1.31 Save Constraints dialog box

The fourth step: generate programmable files

After completing the previous step, expandt wh Dw! a ! b mth&®@f. 226D b GA I+ (2 NJ
window on the left side of the main interface of Vivado. Click DSy S NJ (i S tagénératela NS | Y
programmable bitstream file.

The fifth step: board verification

With the Zyng_7030 development board connected, expandtheh LISY | | NRgF,NB al yI 3§
clickh LISy  galflddfh&cimmand window appears, and choose to execute the | dzii 2
/ 2y ycBnfriand, as shown in Figure 1.32. Vivado will automatically search for the device, as

29



shown in Figure 1.33. Successfully connected development board.

As shown in Figure 1.34, clickt N2 3 NJ Yin tRe$igdrd, @St N2 3 NI Ydiabgoek hapsS
up, as shown in Figure 1.35. Select the correct bit stream (.bit) file, and clickt N2 3thl} Y
download the file to FII-PRA100T development board.

~ PROGRAM AND DEBUG
¥ Generate Bitstream
~ (pen Hardware Manager

Open Target

Program D¢ £ Auto Connect

Add Configd
Open Mew Target... ;

Figure 1.32 Execute Auto Connect command

Hardware 2 _ 00 X
Q T s o
Mame Status

« B localhost (1) | Connected

v [Be wiling_tcfiDigilentME40J21E94. . Open
{8k arm_dap_0(0) MIA
w {8 xc7z030_1 (1) Programmed
JE XADC (System Maonitor)

< >

Figure 1.33 Successfully connected development board

o There are no debug cores. Program device Refresh device

Figure 1.34 Open program device
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¢ Program Device

Select a bitstream programming file and download it to your hardware device. You can optionally
select a debug probes file that corresponds to the debug cores contained in the bitstream '
programming file.

Bitstream file: E:warki7030/LED _shifting/LED_shifting.runsfimpl_1 J'LED_shiﬁing.hit|

Debug probes file:

[-]
[-]

< Enable end of startup check

©

Figure 1.35 Program Device dialog box

The experimental phenomenon is shown in Figure 1.36.

Figure 1.36 Experimental phenomenon of LED shifting
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Experiment 2 Analysis ofSwitch Sgnals via ILA

2.1 Experiment Objective

1 Continue to practice using develop board
2 Continue to practice the call of system resource PLL
3 Learn to use ILA (Integrated Logic Analyzer) in Vivado

2.2 Experiment Implement

Capture and analyze switch signals on the development board by using ILA

2.3 Experiment

H®o M NERAdzOGAZ2Y 2F {6A00KSa

The on-board switch is 8 DIP switches, as shown in Figure 2.1. The switch is used to switch
the circuit by turning the switch handle.

Figure 2.1 Switch physical picture

H®o ®HNRGF NE 5SaArdy

The schematics of the switch is shown in Figure 2.2. One end of the 8-bit switch is connected
tothex [ m £ p gekniingl at the same time, which is at a high level. One end is respectively
connected to an LED, and is connected to the control terminal { 2 ) [ o®tbe connected LED.
When the DIP switch is selected, the FET is turned on at a high level, the LED is on, and a high-
level signal is input to the FPGA at the same time. At this time, the LED will act as a switch strobe

indication signal, and will light up when strobe.
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Gl o - ol ol - U S

Figure 2.2 Schematics of the switches

HPo N2 ANI Y 5SaAridy

The first step: the establishment of the main program framework (interface design)

module SW_LED(
input inclk_p,
input inclk_n,
input [7:0] SW,
output reg [7:0] led
)i

endmodule

The input signals for this experiment are differential clock signals A Yy~ O intl A§ QJf , B-Hity”
switch & gand 8-bitf Sights as output signals.

The second step: design content

wire sys_clk;

wire pll_locked;

reg sys_rst;

clk_wiz_0 clk_wiz_0_inst(
.ck_inl _p (inclk_p),
.clk_inl_n (inclk_n),
reset (1'b0),
.locked (pll_locked),
.clk_outl (sys_clk)

);
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always @ (posedge sys_clk)
sys_rst <= Ipll_locked;
always @ (posedge sys_clk)
begin
if (sys_rst)
led <= 8'd0;
else
led <= ~sw;

end

When the reset signal is valid, all 8 LEDs are off. After the reset is completed, the on/off of
the LED is controlled by the switch, and the LED is on when the switch is on. (Due to hardware
design reasons, LEDs are temporarily assigned to the segment display when constraints are
added.)

2.4 Experiment Verification

(Refer to Experiment 1 for the board verification process in subsequent tests, which will not
be described in detail)
The first step: add constraints and assign pins
The pin assignments are shown in Table 2.1.
Table 2-1 Switch and display experiment pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input clock
inclk_n SYSCLK_N AD13 (differential)

200MHz
sw|[0] GPIO_DIP_SWO Al7
swl1] GPIO_DIP_SW1 E8
sw(2] GPIO_DIP_SW2 c6
sw[3] GPIO_DIP_SW3 B9 8-bit switch
swl4] GPIO_DIP_SW4 B6
sw(5] GPIO_DIP_SWS5 H6
sw[6] GPIO_DIP_SW6 H7
sw(7] GPIO_DIP_SW7 G9
led[0] SEF_PA J10
led[1] SEF_PB 19
led[2] SEF_PC A7
led[3] SEF_PD B7 8-bit LED
led[4] SEF_PE A8 (segment display)
led[5] SEF_PF A9
led[6] SEF_PG Al0
led[7] SEF_DP B10

The second step: run the implementation, generate bitstream files, and verify the board
After successfully downloading the generated programmable bitstream file to the

Zynq_7030 development board, the experimental phenomenon is shown in Figure 2.3. Toggle the
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switch and the corresponding LED lights up.

2.5 UseofILA

Design synthesis and adding constraints have been completed during the board verification.
Therefore, expandthe{ , b ¢ | dptfohupderthe Cf 2 & b WiAda ofi tBeNkFt side of the
Vivado main interface, clickh LIS Y { @ y (i K §andih theR 2 5iAWEoa,\Clickb S G foA & i
open the netlist structure generated after the synthesis. All network nodes are undertheb S (i &
folder, as shown in Figure 2.4.

Sources | Netlist x Device Constraints 2 _ 000
M o
SW_LED -
w Mets (48]
» ol led(8)

> [ led_OBUF (8

» ol SWI(E)

» [ sw_IBUF (B8]
=constl=
=const1=
inclk
inclk_IBUF
led[0_i_1_n_0

Figure 2.4 Netlist
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SW_LED
W Mets (48)

» ol led(8)

» [ led_OBUF (8)

»oul SWI(E)

> [ sw_IBUF (8)
=constl=
=constl= 4
inclk
inclk_1BU
led[0]_i_1

Bus Net Properties

| sw_IBUF

Mame: I

Mumber of nets:

@

Bus Met Properties...

Mark Debug

Select Driver Pin

Schematic
Show Connectivity

Show Hierarchy

Highlight

Mark

Figure 2.5 Mark network nodes to be debugged

I+

As shown in Figure 2.5, right-click the network node to be debugged, and a floating command
window appears. Clicka I NJ GoSnarkizBe target network node. After all signals that need to

be adjusted are marked (this experiment needs to debug the switch signal & ¢and the LED light

signal f $ Rick ¢ 2 20h the Vivado menu bar, runthe{ S{ ! Lkomntadgdaad the { S (i
5 S 6 diatbg box pops up, as shown in Figure 2.6.
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§  Set Up Debug *
Nets to Debug

The nets below will be debugged with ILA cores. To add nets click "Find Mets to Add™. You can also '
select nets in the Metlist or other windows, then drag them to the list or click "Add Selected Mets”™

0 Some net(s) do not have a clock domain. more info

Q = &# 7 M + =- o

Mame Clock Domain Driver Cell  Probe Type

» % led_OBUF (8 clk_wiz_0_instinst/clk_out1  FDSE Data and Trigger  «

¥ & sw_IBUF (8) undefined IBUF Data and Trigger

Find Mets to Add... Mets to debug: 16
(?2) = Back Mext = Cancel

Figure 2.6 Set Up Debug dialog box

In Figure 2.6, all marked network nodes are in the window. Some signals need to manually
add the clock domain. like & &  Lin thisxperiment./ f 2 O1 & dspayed af red
dzy’ R S T Highft-8iék the network node without the clock, such as shown in Figure 2.7, the
floating command dialog box pops up. Clickthe { St SOUG / f canfinbnd @ Rol Up thy
dialog box. As shown in Figure 2.8, select the 100MHz clock output by the PLL as the clock of the
& fnetwork node, and click the h Ybutton. The clock is successfully added. Click the b § Buiton
inthe{ S0 ! LXMia%ogboxdz3

As shown in Figure 2.9, in the following settings, the { | Y LI S 2 F is ft-atdrdin®R S LIi K
to actual needs. For this experiment, the default value is 1024. For the A Y WAAS aiHe3I S a
default value is 0. Under the ¢ NJ&A 3 3 S NJ K \EiRA alieR dheciie/ I LIG dzZNBandd 2 y i N2 f
I RO y OS RptionddicH tHeD NS Button, and click the C A ybutéorKin the pop-up dialog
box to complete the debugging settings.

» 3 sw_IBUF (8) undefined IBLIE Mata and Trinaar . s
Select Clock Domain...

== Remaove Mets

Set Probe Type r

Exportto Spreadsheet...

Figure 2.7 Adding a clock domain
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| # Select Clock Domain |

The list below contains "GLOBAL _CLOCK nets.
To see other types of clock nets use the drop-down button. '

Q = £ GLOBAL C... =+ | Search hierarchically

Ul clk_wiz_0_instinsticlk_out1
U clk_wiz_0_instinsticlkfoout_buf_clk_wiz_0

\?) Cancel

Figure 2.8 Selecting the clock

¢ Set Up Debug x

ILA Core Options

Choose features for the ILA debug cores. '
Sample of data depth: | 1024 w
Input pipe stages: 0 w

Trigger and Storage Settings
| Capture control

< Advanced trigger

) = Back Mext = Cancel

Figure 2.9 Other debugging settings

After completing the debugging and setting, refer to Experiment 1, re-run the design
synthesis, run the implementation, and generate the bitstream file (the project without added
constraints needs to add additional constraint files), and then program the board. After success,
the Vivado interface will automatically jump to the debugging interface, as shown in Figure 2.10.

Expand f Saii & At this time, the 8-bit switches are all 0 and unselected. The LEDs are all 1
and off. As shown in Figure 2.11.

Set the trigger condition to sw! = 8’h00, and click to run ILA, as shown in Figure 2.12.
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Figure 2.10 ILA debugging interface
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Figure 2.11 Set trigger conditions
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Figure 2.12 Running ILA




Pull up the first bit switch & ¢ , 83 sh&wn in Figure 2.13. At the position shown by the T red
line, the left side is the previous state, and the right side is the post-trigger state. When the
trigger condition is met, 3@  harfges from 0 to 1, switch 1 is on, and at the same time, { SR8 o
changes from 1 to 0. The LED 1 is on, corresponding to the FII-PRA100T development board at

this time, which is in line with the debugging results.

Waveform - hw_ila_1

a + x> o » BB @ 6 3o« 4o [ Te &
ILA Status: Idle
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8 10]
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&l
8 [f]
8 [5]
84

8 [

812
811

8 0]

Figure 2.13 Debugging results

Set different trigger conditions, observe and analyze the experimental results.
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Experiment 3 Segment Display Digital Clock Experiment

3.1 Experiment Objective

1 Review the contents of experiment 1 and experiment 2, master the configuration of PLL,
the design of frequency divider, the principle of schematics and the pin assignment of FPGA.
Familiar with the design of Verilog's tree hierarchy

2 Study BCD decoder

3 Display design of hexadecimal to 7 segment display decoders

4 Achieve digital clock display

3.2 Experiment Implement

1 The display decoder has two lower digits to display seconds, the middle two digits to
display minutes, and the highest two digits to display hours.
2 Separate the seconds, minutes, and hours with decimal points

3.3 Experiment

odmly G NE RdzOG A2y G2 {S3IYSyd 5AaLilée 5S5S02RSNJ

One type of segment display is a semiconductor light-emitting device. The segment display
can be divided into a seven-segment display decoder and an eight-segment display decoder. The
difference is that the eight-segment display decoder has one more unit for displaying the decimal
point, the basic unit is a light-emitting diode. The on-board segment display is a six-in-one eight-

segment display decoder as shown in Figure 3.1, and its structure is shown in Figure 3.2.

EEEEE

Figure 3.1 Segment display decoder physcial picture

Figure 3.2 Segment decoder structure
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Common anode decoders are used here. That is, the anodes of the LEDs are connected. See
Figure 3.3. Therefore, the FPGA is required to control the cathode of the LED to be low level,
illuminate the diode, and display the corresponding information. The six-digit common anode
eight-segment display decoder refers to the signal that controls which one is lit, which is called
the bit selection signal. The content displayed by each digital segment is called the segment
selection signal. The corresponding truth table is shown in Table 3.1.

+3.3V

Figure 3.3 Schematics of common anode decoders

Table 3.1 8-segment display decoder truth table
Signal Segment | DP G F| E| D| C

mmOo|lojlm|>|lo|lo|N|laojlu|d|lw|Nn|r|oO

RlRr|lRr|R[RPR|IR|RP|[R|R|RP|R|R[RP|R|R|RL|O
oO|lOoO|O|r|O|O|O|O|Rr|O|O|O|OCO|O|R|KR|K
o|lo|lr|o|lo|o|o|o|r|o|lo|o|r|r|r|lo]|kr
o|lo|lo|o|lo|o|r|o|lr|o|r|rRr|r|O|rRr|O|r
m|lo|lo|lo|lo|r|o|o|r|o|lo|r|o|Oo|r|o|r
Rr|lr|lo|lr|lo|lo|o|o|o|o|o|o|o|r|o|lo|r
R |Rr|O|R(PIO|lO|CO|O|R|P|IOO|O|O|O|FR ]
o|o|r|O|r|O|lO|O|O|O|O|Rr|O|O|FR|O|R]>

There are two ways to display the decoders, static display and dynamic display.

Static display: each display segment is connected with an 8-bit data line to control and
maintain the displayed glyph until the next segment selection signal arrives. The advantage is
that the driver is simple, and the disadvantage is that it takes up too much I/O resources.

Dynamic display: parallel the segment selection lines of all display decoders, and the digit
selection line controls which digit is valid and lights up. Through the afterglow effect of the LED
and the persistence effect of the human eye, the display decoder appears to be continuously lit
at a certain frequency. The advantage is to save | / O resources, the disadvantage is that the
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driver is more complicated, the brightness is not high as static display.
In this experiment, the segment display was driven by dynamic scanning.

o ®o WHRAI NE 5SaArdy

The schematics of the segment display is shown in Figure 3.4. The anode is connected to
VCC through the P-channel field corresponding tube. Therefore, when the bit selection signal
{ 9 DUy o = o igldwcbenelOptte FET is turned on, the anode of the display decoder is high
level; the cathode (segment selectionsignal){ 9 DYt ! 2 { 9Dyt . = { 9Dyt / X { 9Dyt 5
{ 9Dyt DX afe8ifedflyxcdniécted to the FPGA and directly controlled by the FPGA.
Therefore, when the bit selection signal is 0, and the segment selection signal is also 0, the

segment display is lit.
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Figure 3.4 Schematics of the segment display
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The first step: the establishment of the main program framework (interface design)

module BCD_counter(

input inclk_p,
input inclk_n,
input rst,

output reg [7:0] tube_seg,
output reg [5:0] tube_sel
);

endmodule
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The input signal has a clock and a reset signal, and the output signal is a segment selection
signald S @ S yanta dedsignal & O y
Refer to Experiment 1 for the control module, frequency division module and counting

module.

The second step: system control module

module sys_control(

input inclk_p,
input inclk_n,
input rst,

output sys_clk,
output reg sys_rst,
output reg ext_rst

);

wire pll_locked;

//PLL instantiation
clk_wiz_0 clk_wiz_0_inst(

.ck_inl _p (inclk_p),
.clk_inl_n (inclk_n),
.reset (1'b0),
.locked (pll_locked),
.clk_outl (sys_clk)

//reset signal
always @ (posedge sys_clk)
begin
sys_rst <= Ipll_locked;
ext_rst <= rst;
end

endmodule

In the first sub-module (system control module), the input clock is the system 200 MHz
differential clock, and a 100MHz is output through the PLL as the working clock of the other sub-
modules. At the same time, the PLL lock signal pll_lockedis inverted as the system reset signal,

and the key reset rstis registered as the external hardware reset signal est_rst

The third step: frequency division
With reference to Experiment 1, a millisecond pulse signal and a second pulse signal are

output as input signals of the segment display driving module.

The fourth step: segment display driving module

1 Counting section
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The counting part is similar to the frequency dividing module. It is timed by the second pulse
signal for 60 seconds, 60 minutes, 24 hours, and when the time reaches 23 hours, 59 minutes and
59 seconds, the counters are all cleared, which is equivalent to one day.

2 Segment display dynamic scanning part

// Segment display dynamic scanning, implemented by the state machine

reg count_seg;
reg point;
reg scan_state
reg [3:0] counta,countb; //second counter
reg [3:0] countc,countd; //minute counter
reg [3:0] counte,countf; //hour counter
always @ (posedge clk)
begin
if(rst) begin
tube_sel <=6'b111_111;
count_seg <=4'd0;
point <=1'bl;
scan_state <=0;
end

else case (scan_state)

0

begin
tube_sel <=6'b111_110;
count_seg <= counta;
point <=1'b1;
if (ms_f)

scan_state <=1;

end

1

begin
tube_sel <=6'b111_101;
count_seg <= countb;
point <=1'bl;
if (ms_f)

scan_state <=2;

end

2

begin
tube_sel <=6'b111_011;
count_seg <= countc;
point <=1'b0;
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if (ms_f)
scan_state <= 3;
end
3
begin
tube_sel <=6'0b110_111;
count_seg <= countd;
point <=1'b1;
if (ms_f)
scan_state <=4;
end
4
begin
tube_sel <=6'b101_111;
count_seg <= counte;
point <=1'b0;
if (ms_f)
scan_state <=5;
end
5
begin
tube_sel <=6'b011_111;
count_seg <= countf;
point <=1'b1;
if (ms_f)
scan_state <=0;
end
default : scan_state <=0;
endcase
end

The dynamic scanning of the segment display is realized by the state machine. A total of six
segment display require six states. The state machine & O Y & (iisldéfied) andthe6
corresponding content O 2 dzy i disal&ydd in different states. At reset, all six segment display
are extinguished and jump to the 0 state. The segment display is dynamically scanned in 1
millisecond time driven by a millisecond pulse:

In the O state, the 0™ segment display is lit, and the ones digit of the second is displayed;

In the 1 state, the first segmentdisplay is lit, and the tens digit of the second is displayed;

In the 2 state, the second segment display is lit, and the ones digit of the minute is
displayed, the decimal point lights up, distinguishing between seconds and minutes;
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In the 3 state, the third segment display is lit, and the tens digit of the minute is displayed;

In the 4 state, the fourth segment display is lit, and the ones digit of the hour is displayed,
the decimal point lights up, distinguishing between minutes and hours;

In the 5 state, the fifth segment display is lit, and the tens digit of the hour is displayed;

The third step: segment code display section

always @ (posedge sys_clk)
begin
if (ext_rst)
tube_seg <=8'd0;
else
case (counta)
o tube_seg <= 8'b0100_0000;
1 tube_seg <=8'b0111_1001;
2 tube_seg <= 8'b0010_0100;
3 tube_seg <= 8'b0011_0000;
4 tube_seg <= 8'b0001_1001;
5 tube_seg <= 8'b0001_0010;
6 tube_seg <= 8'b0000_0010;
7 tube_seg <=8'b0111_1000;
8 tube_seg <= 8'b0000_0000;
9 :  tube_seg<=28'b0001_0000;
default : tube_seg <= 8'b0100_0000;
endcase
end
// Set decimal points between seconds, minites, and hours
always @ (posedge clk)
tube_seg <= {point, seven_seg_r};

Referring to Table 3.1, the characters to be displayed are corresponding to the segment
code, and the decimal point is composed of the final segment selection signal (i dz6 S (0)] e 3

form of bit splicing.

3.4 Experiment Verification

The first step: add contraints and assign pins
The pin assignments are shown in Table 3.2.
Table 3.2 Segment display experimental pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input Clocl
inclk_n SYSCLK_N AD13 (differential)

200MHz
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rst GPIO_SW_2 F4 reset
scan[0] SEG_DO Cc1
scan[1] SEG_D1 E3
scan[2] SEG_D2 F7 Bit Selection Signal
scan[3] SEG_D3 D6
scan[4] SEG_DA4 H11
scan[5] SEG_D5 J11
seven_seg(0] SEF_PA J10
seven_seg[1] SEF_PB J9
seven_seg(2] SEF_PC A7
seven_seg(3] SEF_PD B7
seven_seg[4] SEF_PE A8 Segment Selection
seven_seg(5] SEF_PF A9 Signal
seven_seg(6] SEF_PG A10
seven_seg(7] SEF_DP B10

The second step: run the implementation, generate bitstream files, and verify the board

After successfully downloading the generated programmable bitstream file to the Zyng_7030

development board, the experimental phenomenon is shown in Figure 3.5.

Figure 2.3 Segment display experimental phenomenon
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Experiment 5 Button Debounce

4.1 Experiment Objective

Review the design process of the shifting LED
Learn button debounce principle and adaptive programming
Learn the connection and use of the Zyng_7030 button hardware circuit

A W N -

Comprehensive application button debounce and other conforming programming

4.2 Experiment Implement

1 Control the movement of the lit LED by pressing the button
2 Each time the button is pressed, the lit LED moves one bit.
3 When the left shift button is pressed, the LED moves to the left, presses the right

button, and the LED moves to the right.

4.3 Experiment

nbo Ayl N2 RdzOG A2y G2 .dzid2y YR 5S062dzyOS t NRAY

1 Introduction to button
The on-board button is a common push button, which is valid when pressed, and
automatically pops up when released. A total of eight, respectively, PB1 (MENU), PB2 (UP), PB3
(RETURN), PB4 (LETF), PB5 (OK), PB6 (RIGHT), PB7 (DOWN) and a hardware reset button (RESET).
As shown in Figure 4.1.

Figure 4.1 Button physical picture

Introduction to button debounce
As long as mechanical buttons are used, instability should be considered. Usually, the
switches used for the buttons are mechanical elastic switches. When the mechanical
contacts are opened and closed, due to the elastic action of the mechanical contacts, a push
button switch does not immediately turn on when closed, nor is it off when disconnected.
Instead, there is some bouncing when connecting and disconnecting. See Figure 4.2.
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The length of the button's stable closing time is determined by the operator. It usually
takes more than 100ms. If you press it quickly, it will reach 40-50ms. It is difficult to make it
even shorter. The bouncing time is determined by the mechanical characteristics of the
button. It is usually between a few milliseconds and tens of milliseconds. To ensure that the
program responds to the button’s every on and off, it must be debounced. When the change
of the button state is detected, it should not be immediately responding to the action, but
waiting for the closure or the disconnection to be stabilized before processing. Button
debounce can be divided into hardware debounce and software debounce.

Switch Bouncing

Ve
Vo
- Switch Not Switch Pressed \\ Switch Not
Ve Pressed
Button
Switch'

c _W—Ml
Vo GND| %

Figure 4. 2 Button bounce principle

In most of cases, we use software or programs to achieve debounce. The simplest
debounce principle is to wait for a delay time of about 10ms after detecting the change of
the button state, and then perform the button state detection again after the bounce
disappears. If the state is the same as the previous state just detected, the button can be
confirmed. The action has been stabilized. This type of detection is widely used in traditional
software design. However, as the number of button usage increases, or the buttons of
different qualities will react differently. If the delay is too short, the bounce cannot be
filtered out. When the delay is too long, it affects the sensitivity of the button.

nePbdH | NRgI NBE 5SaArdy

The schematics (part) of the button is shown in Figure 4.3. You can see that one side of the

button (P1, P2) is connected to VCC, and the other side (P3, P4) is connected to the FPGA. At the
same time, it is grounded through a 5.11K resistor. In the normal state, the button is left floating.
At this time, the potential at button P3 is 0, so the input value to the FPGA is 0. When the button
is pressed, both sides of the button are turned on. At this time, the potential at button P3 is
VCC3.3V, so the button inputs a value of 1 into the FPGA. So the on-board push button is high

effective.
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Figure 4.3 Schematics of the push buttons
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Refer to the previous experiments for the frequency division module and new push buttons
debounce module is introduced below.
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Figure 4.4 Button deboucne flow chart

This chapter introduces an adaptive button debounce method: starts timing when a change
in the state of the button is detected. If the state changes within 10ms, the button bouncing
exists. It returns to the initial state, clears the delay counter, and re-detects the button state until
the delay counter counts to 10ms. The same debounce method is used for pressing and releasing
the button. The flow chart is shown in Figure 4. 4.Case 0 and 1 debounce the button press state.
Case 2 and 3 debounce the button release state. After finishing the whole debounce procedure,

the program outputs a synchronized clock pulse.
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module pb_ve (

input sys_clk,
input sys_rst,
input ms_f,
input keyin,
output keyout
);
reg keyin_r;
reg keyout_r;
reg [1:0] ve_key st;
reg [3:0] ve_key count;

always @ (posedge sys_clk)
begin
keyin_r <= keyin;
end
always @ (posedge sys_clk)
begin
if (sys_rst) begin
keyout_r <=1'b0;
ve_key_count <=0;
ve_key_st <=0;
end
else case (ve_key_st)
0
begin
keyout_r <=1'b0;
ve_key_count <=0;
if (keyin_r)
ve_key st<=1;
end
1
begin
if ('keyin_r)
ve_key st<=0;
else begin
if (ve_key_count == 10)
ve_key_st <=2;
else if (ms_f)
ve_key_count <=ve_key _count + 1'b1;
end
end

begin
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ve_key _count <=0;

if (keyin_r)
ve_key_st<=3;
end
3
begin
if (keyin_r)
ve_key_st<=2;
else begin
if (ve_key_count == 10) begin
ve_key_ st <=0;
keyout_r <=1'b1;
end
else if (ms_f)
ve_key_count <=ve_key count + 1'b1;
end
end
default ;
endcase

end
assign keyout = keyout_r;
endmodule

Button-controlled LED display module

module led_shift(

input sys_clk,
input rst,

input key_left,
input key_right,
input s_f,

output reg [7:0]led
);
always @ (posedge sys_clk)

begin
if (rst)
led <= 8'hff;
else
begin
if (key_left)
begin
if (led == 8'hff)
led <= 8'b0000_0001;
else

led <= {led[6:0], led[7]};
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end
else if (key_right)

begin
if (led == 8'hff)
led <= 8'b1000_0000;
else
led <= {led[0], led[7:1]};
end
end
end
endmodule

In the reset state, all the 8-bit LED is on. When the button is pressed, only one LED is on. After

that, each time the push button is pressed, the LED moves according to the corresponding signal.

4.4 Experiment Verification

The first step: add constraints and assign the pins
The pin assignment is shown in Table 4.1.

Table 4.1 Button debounce experiment pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input clock
inclk_n SYSCLK_N AD13 (Differential)

200MHz

rst GPIO_SW_2 F4 External reset

left GPIO_SW_3 D4 Left shift signal
right GPIO_SW_5 F2 Right shift signal
led[0] GPIO_DIP_SWO Al7
led[1] GPIO_DIP_SW1 E8
led[2] GPIO_DIP_SW2 Cé
led[3] GPIO_DIP_SW3 B9 8-bit LED
led[4] GPIO_DIP_SW4 B6
led[5] GPIO_DIP_SWS5 H6
led[6] GPIO_DIP_SW6 H7
led[7] GPIO_DIP_SW7 G9

The second step: run the implementation, generate bitstream files, and verify the board

After successfully downloading the generated programmable bitstream file to the

Zyng_7030 development board, the experimental phenomena are shown in Figures 4.5 to 4.7.
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Figure 4.5 Experiment Result(reset)

Figure 4.6 Experiment result(one right shift)

Press the right shift button again and the LED will move one bit to the right. See Figure 4.7.
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Figure 4.7 Experiment result(another right shift)
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Experiment 5 Ogital dock ComprehensiveExperiment

5.1 Experiment Objective

1 Review the segment display content of experiment 3, and the button debounce content
of experiment 4;
2 Combine experiment 3 and experiment 4 to design a complete adjustable digital clock;

5.2 Experiment Implement

1 Set four push buttons (left, right, up, down);

1) Left and right push buttons control the calibration function, switch between segment
display of hour, minute and second;

2) Up and down calibration by adding 1 and subtracting 1 to the data to be calibrated;

3) Modular design so that the design can be reused
Learn to use module parameters
Learn to use Vivado's timing analysis function and be able to constrain the clock signal

correctly

5.3 Experiment

pbo A NRg I NE 5SaArdy
Refer to experiment 3 and experiment 4 for hardware design.
pdo GNP INISH A TY

The first step: the establishment of the main program framework (interface design)

module adj_clock(
input inclk_p,
input inclk_n,
input [6:0] PB,
output [5:0] tube_sel,
output [6:0] tube_seg,
output point
);

endmodule

Because many push buttons are used, the 7-digit push buttons are defined in the form of t .
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W ¢ Yus./D@ring the calibration time, the decimal point functions as a flag bit, which can be
moved under the key drive and output separately.

The second step: system control module
Refer experiment 3.

The third step: frequency division
Refer experiment 1.

The fourth step: button debounce module
Refer experiment 4.

The fifth step: adjustable digital clock module

always @ (posedge clk)
begin
if (Irst)
point_r <=8'b1111_1110;
else begin
if (PB_flag[3])
point_r <= {point_r[6:0], point_r[7]};
else if (PB_flag[5])
point_r <= {point_r[0], point_r[7:1]};
end

end

For decimal point, when the reset is valid, it lights up at the lowest position. When the left
shiftkeyt .  ¥F f i$vaid, tbeodBcimal point is shifted one digit to the left, and when the right
shiftkeyt .  ¥F f i$valid, togpdBcimal point is shifted one digit to the right.

//Second (top level instantiation)

dual_num_count

#(.PAR_COUNTA(9), //Paramters passing
.PAR_COUNTB(5)

dual_num_count_sec

.clk (clk),

rst (rst),

.adj_add (PB_flag[1]),
.adj_sub (PB_flag[6]),
.adj_point (point_r[1:0]),
.i_trig f (s_f),
.0_trig_f (min_f),
.counta (count_secl),
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.countb (count_sech)
);
//Calibration module
module dual_num_count
#(parameter PAR_COUNTA=9,
parameter PAR_COUNTB=5

input clk,

input rst,

input adj_add,
input adj_sub,
input [1:0] adj_point,
input i_trig_f,
output reg o_trig_f,

output reg [3:0] counta,
output reg [3:0] countb

always @ (posedge clk)

begin
if (Irst)
begin
counta <=0;
countb <=0;
o_trig_f <=1'b0;
end
else begin
o_trig_f <=1'b0;
if (adj_add)
begin
if (ladj_point[0])
begin
if (counta ==9)
counta<=0;
else
counta <= counta + 1'b1;
end

else if(!adj_point[1])
begin
if (countb ==9)
countb <=0;
else
countb <= countb + 1'b1;

60



end
end

else if (adj_sub)
begin
if (!adj_point[0])
begin
if (counta == 0)
counta <= 4'd9;
else
counta <= counta - 1'b1;
end
else if (ladj_point[1])
begin
if (countb ==0)
countb <=4'd9;
else
countb <= countb - 1'b1;
end
end

else if (i_trig_f)
begin
o_trig_f<=1'b0;
if ((countb == PAR_COUNTB) && (counta == PAR_COUNTA))
begin
counta <=4'd0;
countb <=4'd0;
o_trig f <=1'b1;
end
else
begin
if (counta == PAR_COUNTA)
begin
counta <= 4'd0;
if (countb == PAR_COUNTB)
countb <=4'd0;
else
countb <= countb + 1'b1;
end
else
counta <= counta + 1'b1;
end
end
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end
end

endmodule

In the calibration part, a general module is instantiated four times, and the data of seconds,
minutes, hours, and days are calibrated respectively. At the same time, the values of different
internal variables are assigned in the form of parameter passing.

Take the second part as an example, enter the decimal point LJ2 A Y {, thabis e Orh 8nd
first digits of the segment display, to illustrate the second. When the reset is valid, the counter
02 dzy’ 002 d"Z)f {radd thie output pulse (second module output pulse is the minute pulse
YA VRFG NR 3 gwhen the caliStadion signal (- R 2 yis-a BIR 1 signaland I R 2 yisé dzo
minus 1 signal) is valid, the corresponding one with the decimal point lit is calibrated accordingly.
Otherwise, driven by the input pulse (the input pulse of the second module is the second pulse
& Y ® 2 dzifdiebses from 0 to the parametert | wy/ h ! bakd!O 2 @afhdiebses from 0 to
the parametert ! w{/ h! bwhenO& gz (i ' tahdvd@/d2y!iD¢ !IT  tbotwvy/ h! b ¢ .
counters are cleared and the output pulse 2 i NJA 3 yIfe twio conntérs cuunt a total of 60,

so one pulse is output in one minute.

5.4 Experiment Verification

The first step: add constraints and assign the pins
See Table 5.1 for the pin assignment.

Table 5.1 Digital clock experiment pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input clock
inclk_n SYSCLK_N AD13 (differential)

200MHz
PB[O] GPIO_SW_0 L9
PB[1] GPIO_SW_1 G4
PB[2] GPIO_SW 2 F4
PB[3] GPIO_SW_3 D4 7-bit push button
PB[4] GPIO_SW_4 D3
PB[5] GPIO_SW_5 F2
PB[6] GPIO_SW_6 G2

tube_sel[0] SEG_DO C1

tube_sel[1] SEG_D1 E3

tube_sel[2] SEG_D2 F7 Bit selection signal

tube_sel[3] SEG_D3 D6

tube_sel[4] SEG_DA4 H11

tube_sel[5] SEG_D5 J11

tube_seg(0] SEF_PA J10

tube_seg[1] SEF_PB J9
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tube_seg(2] SEF_PC A7
tube_seg(3] SEF_PD B7
tube_seg[4] SEF_PE A8
tube_seg [5] SEF_PF A9
tube _seg[6] SEF_PG Al10
tube _seg[7] SEF_DP B10

Segement selection
signal

The second step: run the implementation, generate bitstream files, and verify the board
After successfully downloading the generated programmable bitstream file to the Zyng_7030

development board, the experimental phenomenon is shown in Figure 5.1.

Figure 5.1 Digital clocl comprehensive design result
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Experiment 6Use of Multipliers andSIM

6.1 Experiment Objective

1 Learn to use multiplier
2 Use ISIM to simulate design output

6.2 Experiment Implement

1 8x8 multiplier, the first input value is an 8-bit switch, and the second input value is the
output of an 8-bit counter.
2 Observe the output in ISIM

6.3 Experiment

cho MR AN Y 5SaArdy

The first step: the establishment of the main program framework

module mult_sim(

input inclk_p,
input inclk_n,
input [7:0] SW,
output [15:0] mult_res,

output reg [7:0] count
);

endmodule

The second step: call multiplier IP core

Refer to experiment 1. Call the multiplier IP core in the L t dir2chEy, as shown in Figure
6.1. Enter mult in the search field to find a dzf BNILIX A

Double-click to select the multiplier configuration interface shown in Figure 6.2. Configure the
multiplier IP core according to the parameters in the figure.

In the Basic window:

1 Component Name: mult_8x8
2 Data Type: Signed
3 Width: 8
Under the h dzii LJdzli U N@Rdow, as shown in Figure 6.3:
Pipeline 1

Others are set by default.
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Click h Yand follow the steps to generate the multiplier IP core.

Project Summary % | mult_sim.y * » 1P Catalog X 200
Cores | Interfaces
= $ # “:‘ F 4 {8} °‘ Q- mult o
Mame 1 AXI4 Status License VLNV
~ BaselP i
T Multiply Adder Production Included xilinx.com:ip:xbip_multadd:3.0
v Communication & Networking
v Ethernet
7 AXI Multi Channel Direct Memory Access AXl4, A¥|4-Stream Production Included silinx.comip:axi_medma:1.0
w Digital Signal Processing
v Building Blocks
i Complex Multiplier AX|4-Stream Production Included xilinx.com:ip.cmpy.6.0
v Embedded Processing
~ AXlInfrastructure
~ DA
75 AXI Multi Channel Direct Memory Access AX|4, AXI4-Stream  Production Included xilinx.com:ipraxi_medma:1.0
v Math Functions
~ Multipliers
F Complex Multiplier AX|4-Stream Production Included silinx.com:ip:cmpy.6.0
I Multiplier Production Included xilinx.com:ip:mult_gen:12.0
v Video & Image Processing
 Multi-Ported Video DMA AX|4, AXI4-Stream  Production Purchase  omnitek.tvip:omni_mpvdma:0.0
W Multilayer Video Controller AXl4 Production Purchase  logicbricks.com:logicbricks:logicve:0.0 &
Details
Select an IP or Interface or Repository to see details
Figure 6.1 Search multiplier IP core
¢ Customize IP x

Multiplier (12.0)

© Documentation

IP Symbaol

Information

| Show disabled ports

CLK
AT0)
B[7.0]

Pl15:0]

IP Location (' Switch to Defaults

Component Name mult_8x8

Multiplier Construction  Use LUTs w

Optimization Options ~ Speed Optimized

Basic  Output and Control
Multiplier Type
* Parallel Multiplier Constant Coefficient Multiplier

Input Options

P = A . B

Data Type Signed w Signed

Width 8 g

Range: 2..64 Range: 264

Area:The multiplier will be optimized to reduce slice logic and overall area

Speed:The multiplier will be optimized for performance

‘ | Cancel |

Figure 6.2 Multiplier input parameter settings
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Basic Output and Control

Qutput Product Range

[[] Use Custom Dutput Width

Output MSB 15 [0-127]

Output LSB 0 [0-15]

Qutput product width (max, min) = (15,0)

Pipelining and Control Signals
Pipeline Stages 1 ~ | Optimum pipeline stages: 3

Clock Enable Synchronous Clear

Synchronous Controls and Clock Enable(CE) Priority - SCLR Overrides CE

Figure 6.3 Multiplier output settings

The third step: instantiate the multiplier into the design file

wire pll_locked;
wire sys_clk;
reg sys_rst;
mult_8x8 mult_8x8_inst(
.CLK (sys_clk),
A (sw),
.B (count),
(mult_res)
)

always @ (posedge sys_clk)
sys_rst <= Ipll_locked;

always @ (posedge sys_clk) begin
if (sys_rst)
count <= 8'd0;
else

count <= count +1'b1;

end
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6.4 Compile and Call of ISIM Simulation and Modelsim

Simulation Library

Under the Vivado platform, you can choose to use built-in simulation tool ISIM or third-party
simulation tools for functional simulation of the project. Simulating with the Modelsim
simulation tool requires a separate compilation of the simulation library. This experimentd uses
the built-in ISIM tool emulation and briefly introduce Modelsim's Xilinx simulation library file

compilation for simulation using Modelsim.

The first step: build simulation project files
Add simulation source files in the { 2 dzNJ&%®& of the main interface of Vivado, click
58 FA{2daBrthdé! RR { 2ZamMddGikithe pop-up floating window, select the! R R
2NJ ONBI (i S & A ohetd bbxinih2 pbp-ud datiiNdokScéeate a new source file, refer
to experiment 1, the file is named Y dzf { ) &ak sWoywriidFigure 6.4.

¢ Create Source File =

Create a new source file and add it to your
project. '

File type: @ Verilog w

File name:  |mult_sim_tp|

File location:  « <=Local to Project= 4

.f._-\.

Figure 6.4 New simulation testbench file

After the creation is successful, the created testbench file will be automatically added in the
& A Yfdlder under the { 2 dzNJix&o&, as shown in Figure 6.5. Double-click to enter the design

interface for design.
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Sources 2 _ 00O X%
Q = = + v
W Design Sources (1)
> @5 mult_sim (mult_sim.v) (2)
> Constraints
w Simulation Sources (2)
L sim_1(2)
» @ mult_sim (mult_sim.v) (2)
® fmult_sim_to (mult_sim_to.)

Hierarchy @ IP Sources Libraries C =

Figure 6.5 Create a simulation file.

The simulation file is as follows:

module mult_sim_tb;
// Define the simulation signals

reg inclk_p;
reg inclk_n;
reg rst;

reg [7:0] SW;

wire [15:0] mult_res;
wire [7:0] count;

// Instantiate the simulation module

mult_sim mult_sim_inst(

.inclk_p (inclk_p),
.inclk_n (inclk_n),
.rst (rst),
.SW (sw),
.mult_res (mult_res),
.count (count)
);

// Initialize the simulation signals

initial begin

rst=0;

inclk_p=1;

sw =0;

#5rst=1;

#15 sw = 20;

#20 sw =50;+

#20 sw = 100;




#20 sw =101;

#20 sw =102;

#20 sw =103;

#20 sw = 104;

#50 sw = 105;

Smonitor("%d * %d=%d", count, sw, mult_res);
#1000000 Sstop;

end

always

begin

#5 inclk_p="~inclk_p;
inclk_n = linclk_p;
end

endmodule

The second step: run simulation
After saving the source file, find and expandthe{ L a | [ !optlorhubdertheCf 2 &
b I @A Fvindb@ ddthe main interface of Vivado, clickw dzy” { A Yaid clickithe 2 yizy’
SKI @A 2 NI fcommdndinzhelpdp-tipFlgating window to start the ISIM simulation. The
simulation interface is shown in Figure 6.6, the operation result Y dzf (i appﬁ‘éﬁs‘&ne clock cycle
later than the counter O 2 dzy (i

Untitled 1*

Q W @ @ H = T o

Figure 6.6 Simulation interface

Modelsim simulation library compilation:
When using Modelsim simulation, after installing Modelsim, the Xilinx simulation library file
needs to be compiled first. The specific procedure is as follows

1 Select O2 YLIA £ S & A Y dzfndert 22 Zif thetmbnd bal, the¥ofodving interface
pops up shown in Figure 6.7.

2 Set a full English path in the blue square in Figure 6.7. This path is to store the Modelsim
and vivado joint simulation library files to be compiled and generated.

3 Set as shown in the red sgaure in Figure 6.7, and select Modelsie (modelsim refers to
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the modelsim_se version. This version is a non-OEM version of the simulation tool launched
by Mentor. Compared with the OEM version, it has a faster simulation speed and the
number of simulation code lines are unlimited.) win64 under the installation path (select the
win32 folder to install the x86 format Modelsie software). The joint simulation library of
modelsim and vivado can be built. Click O 2 Y Ll sfarBcompiling the simulation library.
The compiled library file is stored in the path set by the blue square in Figure 6.7.

As shown in Figure 6. 8, the compilation is completed. Note that the process is very time
consuming.

More to practice
1) Design an 8-bit trigger, simulate with ISIM
2) Learn to write testbenches for simulation

¢ Compile Simulation Libraries ot

Specify the options for compile_simlib command.

Simulator: | ModelSim Simulator w
Language:  All w
Library: All L
Eamily: All

Advanced

Compiled library location:  |sim.cache/compile_simlip/modelsi

Simulator executable path: |lite/18.0/modelsim_aseiwin32aloem

Miscellaneous oplions:

¥ Compile Xiling IP
DCwerwrite the current pre-compiled libraries
Compile 32-bit libraries

Verbose

Command: ample/7mult_sim/Fmult_sim.cache/compile_simlib/imodelsim}

N Compile Cancel

Figure 6.7 Compile library address settings
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VIVADOY " sescsmpais.

Quick Start
& & R
Create Ben Project Open Project Opes Erumple Project
Tesks Loy
i & %
Pl _test
Maage TP Open Brdeare Wanager Tiline Tel Store F ado/ave/os_pl_tast

testyer

Infornation Center

Dicmeatation wd Tatarials  Quick Taka Fidess Belosse Botes Gaide

Tl Conaele

Creating zodelsim ini fil:
Copying D:\modeltech_10. 1a\win32/.. /modelsin. ini to modelsim. ini
= Compiling 'verilog. secureip’ library ‘
> Source Library = *D: \2015. 4\data/secureip’

> Compiled Path = F:\xiline_sin_1ib/secureip’ ‘

inx\Vivado'

@ G = R R

Runing compile_sinlib

Figure 6.8 Successfully compiled the simulation library



Experiment 7 Hexadecimal Number to BCD Code Conversion and

Application

7.1 Experiment Objective

1 Learn to convert binary numbers to BCD (bin_to_bcd)
2 Learn to convert hexadecimal numbers to BCD (hex_to_bcd)

7.2 Experiment Implement

Combined with experiment 6, display the calculation results on the segment display.

7.3 Experiment

TOH Ayt NP RdzOG A2y (2 NSE2 RSO3 YI22yR8E dzyda P O3S NA A

Since the hexadecimal display is not intuitive, decimal display is more widely used in real life.

Human eye recognition is relatively slow, so the display from hexadecimal to decimal does not
need to be too fast. Generally, there are two methods

1 Countdown method:

Under the control of the synchronous clock, the hexadecimal number is decremented by 1
until it is reduced to 0. At the same time, the appropriate BCD code decimal counter is designed to
increment. When the hexadecimal number is reduced to 0, the BCD counter just gets with the same
value to display.

2 Bitwise operations (specifically, shift bits and plus 3 here). The implementation is as
follows:

1) Setthe maximum decimal value of the expression. Suppose you want to convert the
16-digit binary value (4-digit hexadecimal) to decimal. The maximum value can be
expressed as 65535. First define five four-digit binary units: ten thousand, thousand,
hundred, ten, and one to accommodate calculation results

2) Shift the hexadecimal number by one to the left, and put the removed part into the
defined variable, and judge whether the units of ten thousand, thousand, hundred, ten,
and one are greater than or equal to 5, and if so, add the corresponding bit to 3 until the
16-bit shift is completed, and the corresponding result is obtained.

Note: Do not add 3 when moving to the last digit, put the operation result directly

3) The Principle of hexadecimal number to BCD number conversion

Suppose ABCD is a 4-digit binary number (possibly ones, 10 or 100 bits, etc.), adjusts
it to BCD code. Since the entire calculation is implemented in successive shifts, ABCDE
is obtained after shifting one bit (E is from low displacement and its value is either 0 or
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1). At this time, it should be judged whether the value is greater than or equal to 10. If
so, the value is increased by 6 to adjust it to within 10, and the carry is shifted to the
upper 4-bit BCD code. Here, the pre-movement adjustment is used to first determine
whether ABCD is greater than or equal to 5 (half of 10), and if it is greater than 5, add 3
(half of 6) and then shift.

For example, ABCD = 0110 (decimal 6)
A. After shifting it becomes 1100 (12), greater than 1001 (decimal 9)
B. By plus 0110 (decimal 6), ABCD = 0010, carry position is 1, the result is
expressed as decimal
C. Use pre-shift processing, ABCD = 0110 (6), greater than 5, plus 3
D. ABCD=1001(9), shift left by one
E. ABCD=0010, the shifted shift is the lowest bit of the high four-bit BCD.
F. Since the shifted bit is 1, ABCD = 0010(2), the result is also 12 in decimal
G. The two results are the same
H. Firstly, make a judgement, and then add 3 and shift. If there are multiple BCD
codes at the same time, then multiple BCD numbers all must first determine
whether need to add 2 and then shift.

3 The first way is relatively easy. Here, the second method is mainly introduced.
Example 1: bin_to_bcd

100°s 10's 1's Binary Operation
1010 0010

1 010 0010 =< #1
10 10 0010 << #2
101 00010 << #3
1000 add 3
1 oooo 0010 << H4
10 0000 010 << 5
100 0ooo 10 << HO
1000 0001 L] =< #7
1011 add 3
0110 0010 << #8

1
Figure 7.1 Example 1, bin_to_bcd

Example 2: Hex to BCD, the process is shown in Figure 7.2.
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Operation Hundreds Tens Units Binary

HEX

Start

11 1

Shift 1

=t

1 1

Shift 2

Shift 3

Add 3

Shift 4

=t | gt | s | e | o |

!
= =22 =2 =2 =M
= = | | = =

Add 3

[}

Shift &

[y e

Shift 6

Add 3

(=1 =N =T =T

Shift 7

| O e |
o

Add 3
Shift 8

R R
v

||+
oo |o| =

=lo|lo|lo|~

= | OO | O = =] =

= O|= | Oo|C|C|O]| O]
= N =T

BCD 2

m| o | =

5
Figure 7.2 hex_to_bcd
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The first step: the establishment of the main program framework (interface design)

module HEX_BCD (

output reg [3:0]
output reg [3:0]
output reg [3:0]
output reg [3:0]
output reg [3:0]

input [15:0] hex,

ones,
tens,
hundreds,
thousands,
ten_thousands

Enter a 16-bit binary number K § \hich can represent up to 65535 in decimal, so output one-
digit 2 ¥ ,Sen-digit U S$,)hundred-digit K dzy” R,NisURaéds digit (i K 2 dz&d dnd/téhdhousand
digiti SYyyliK2dzal yRa

The second step: implementation of fast algorithm

integer i;
always @ (*)
begin
hex_reg = hex;
ones =0;
tens =0;
hundreds = 0;
thousands = 0;

ten_thousands = 0;

reg [15:0] hex_reg;
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for (i=15;i>=0;i=i-1) begin

if(ten_thousands >=5)
ten_thousands = ten_thousands + 3;
if(thousands >=5)

thousands = thousands + 3;
if(hundreds >=5)

hundreds = hundreds + 3;
if(tens >=5)

tens =tens + 3;
if(ones >=5)

ones = ones + 3;

ten_thousands = ten_thousands << 1;

ten_thousands[0] = thousands[3];

thousands = thousands << 1;

thousands[0] = hundreds[3];

hundreds = hundreds << 1;

hundreds[0] = tens[3];

tens =tens << 1;

tens[0]= ones[3];

ones =ones<< 1;

ones[0] = hex_reg[15];

hex_reg = {hex_reg[14:0], 1'b0};
end

end

Referring to Figure 7.2, the first part of the program is the judgment and calculation part, if it
is larger or equal to 5, add 3, and the latter part is the shift part.

The third step: verification
Refer to experiment 6, and use Modelsim for simulation. The simulation conditions are set as

follows:

initial begin
hex=0;
repeat (20) begin
#10;
hex = {Srandom}%20000;
#10;
end
end

At the beginning, the 16-bit binary number is equal to 0, and then it is delayed by 10ns. The
16-bit binary number is taken as a random number less than 20,000. The delay is ended after 10ns,
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and the entire process is repeated 20 times.
Refer to experiment 6. After running the simulation, the simulation results are shown in Figure
7.3.

Untitled 1*

> W hundre

> W thous:

Figure 7.3 Simulation result

7.4 Application of Hexadecimal Number to BCD Code Conversion

Continue to complete the multiplier of experiment 6 and display the result in a segment
display in decimal. Every 1s clock passes, the calculation result on the segment display changes
once. The experiment requires frequency division, segment display, multiplier, and Hex to BCD
conversion code. Refer to the previous experiments, and instantiate the parts in the new top level
entity.
After completing the implementation, find and expandtheL at [ 9 a 9 b éptioh LnHeb
theCf 2 ¢ b Iwihdo® bnithd MNdin interface of Vivado, expandwdzy’ L YLX SYSy Gl G SR
and click wS LJ2 NIi ¢ A Y Ato/vidw theddhuit Itird report. As shown in Figure 7.4, the
timing requirements are satisfied.

Timing
Q T =2 ¢ H 1«0 T = ClockSummary
3
General Information “~ Name Waveform Period (ns)  Fregquency (MHz)
Timer Settings ~inclk_p {0.000 2,500} 5.000 200,000
Design Timing Summary clk_out1_clk_wiz_0  {0.0005.000} 10.000 100.000
Clock Summary (3) clkfbout_clk_wiz_0 {0.000 2,500} 5.000 200,000
» Check Timing (7
» = Intra-Clock Paths -
Timing Summary - impl_1 (saved) Timing Summary - timing_1

Figure 7.4 Timing report
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7.5 Experiment Verification

The first step: add cosntraints and assign pins
The pin assignmnets are shown in Table 7.1.
Table 7.1 Hex to BCD conversion pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input
inclk_n SYSCLK_N AD13 clock(differential)

200MHz
sw(0] GPIO_DIP_SWO A17
sw(1] GPIO_DIP_SW1 E8
sw(2] GPIO_DIP_SW2 Cé6
sw(3] GPIO_DIP_SW3 B9
swl4] GPIO_DIP_SwW4 B6 8-bit switch
sw[5] GPIO_DIP_SWS5 H6
sw(6] GPIO_DIP_SW6 H7
sw(7] GPIO_DIP_SW7 G9
tube_sel[0] SEG_DO C1
tube_sel[1] SEG_D1 E3
tube_sel[2] SEG_D2 F7 Bit selection signal
tube_sel[3] SEG_D3 D6
tube_sel[4] SEG_D4 H11
tube_sel[5] SEG_D5 J11

tube_seg(0] SEF_PA J10

tube_seg[1] SEF_PB J9

tube_seg(2] SEF_PC A7

tube_seg(3] SEF_PD B7

tube_seg[4] SEF_PE A8 Segment selection

tube_seg [5] SEF_PF A9 signal

tube _seg[6] SEF_PG Al10

tube _seg[7] SEF_DP B10

The second step: run the implementation, generate bitstream files, and verify the board

After successfully downloading the generated programmable bitstream file to the Zyng_7030
development board, the experimental phenomenon is shown in Figure 7.5.

The input value of the DIP switch is 00001010, and it is 10 in decimal. The counter keeps

accumulating, so the display result also keeps increasing by 10.

77



[Ps_enerneT]

Figure 7.5 Experimental phenomenon of hexadecimal number to BCD code conversion
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Experiment 8Use ofROM

8.1 Experiment Objective

Study the usage of internal memory block of FPGA
Study the format of f @2a8d how to edit f @2fif to configure the contents of ROM
Learn to use RAM, read and write RAM

8.2 Experiment Implement

Design 16 outputs ROM, address ranging 0-255

Interface 8-bit switch input as ROM’s address

Segment display illustartes the contents of ROM and require conversion of hexadecimal
to BCD output.

8.3 Experiment

ybo MR AN Y 5SaA3ay

The first step: the establishment of the main program framework (interface design)

module rom_test(

input inclk_p,
input inclk_n,
input rst,
input [7:0] SW,

output reg [7:0] tube_sel,
output reg [5:0] tube_seg
);

endmodule

The second step: call ROM IP core
Refer to experiment 1 and experiment 6, select. f 2 O1 a SY 2 NBoubR-Sigk ®NJ { 2 NJ
enter the setting interface, as shown in Figure 8.1, and set according to the parameters in the
figure.
Inthe . | &vinddw, as shown in Figure 8.1:
1 Component Name: Component
2 Memory Type: Signal Port ROM
3 Others set as default
Inthet 2 NIi ! winddlii, & 2hyfwé in Figure 8.2.
1 Poart A Width: 16

79



2 Poart A Depth: 256

3 Enable Port Type: Always Enabled

¢ Re-customize IP

Block Memory Generator (8.4)

@ Documentation

IP Location (' Switch to Defaults

IP Symbol  Power Estimation Component Name rom_256x16
Show disabled ports Basic  Port AOptions | Other Options | Summary
Interface Type | Mative w
Memory Type | Single Port ROM ~
ECC Options
ECC Type No ECC
|||= BRAM_PORTA
Single Bit Error Injection
= P addra[7:0]
— > clka Write Enable
= ] douta[15:0]

Byte Size (bits) 9

Algorithm Options

Defines the algorithm used to concatenate the block RAM primitives.
Refer datasheet for more information.

Algorithm | Minimum Area -

Generate address interface with 32 bits

Primitive | 8kx2
< >
| OK | | Cancel |
Figure 8.1 ROM setting 1
Basic Port A Options Other Options Summary
Memory Size
Port & Width |16 Range: 1to 4608 (bits)
Port 4 Depth | 256 Range: 2 to 1048576
The Width and Diepth values are used for Read Operation in Port A
Cperating Mode | Write First Enable Port Type = Always Enabled  «»
Port A Optional Output Registers
| Primitives Qutput Register Core Qutput Register
3 >

Figure 8.2 ROM setting 2
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Click h Ybutton to generate ROM

The third step: instantiate ROM

reg [15:0] rom_q;
rom_256x16 rom_256x16_inst (
.clka (sys_clk),
.addra (sw),
.douta (rom_q)
);

The fourth step: create f ® G2 &d initialize ROM
The .coe file for this experiment was generated based on matlab2018. The F® Yile is as follows:
% -- by Alex i --
% function : create .coe
clear all ;
close all ;
clc ;
depth ;
width  =16;
fid_s fopen (‘'test rom. coe', ‘w+' );
fprintf  (fid_s , 'MEMORY _INITIALIZATION RADIX =%d; \n', width );
fprintf  (fid_s , '%s\n', 'MEMORY_INITIALIZATION_VECTOR =" );

for i=0: depth -
data =i *i;
b=dec2hex ( data );
fprintf (fid_s , '%s' , b);
fprintf (fid.s , %s\n', ') );
end
fclos e(fid_s );
disp ('=======mif file completed========"' );

The generated F® Yile has a depth of 256, the width of each data is 16, and the data is the
square of the depth value. f ® Gi2 &ntent and format are shown in Figure 8.3.
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test_rom.coe +
1 MEMORY_INITIALIZATION_RADIX = 16; a
2 MEMORY_ INITIALIZATION_VECTOR =
3 0,
1 1,
5 4,
6 9,
710,
3 19,
9 24,
10 31, W

Figure 8.3 F @ Gi2 &ntent
Under the { 2 dzNJ&ow& of the Vivado interface, expand the 5 SAW { 2fozNgD S &
double-click to open the ROM created previously, enter the setting interface, under the h i K S NJ
h LJ0 Awgnglod, select the check box[ 2 I R L, afdiclick . ONNPAGS@ the generated *.coe
file, such as shown in Figure 8.4, click the h Y button to complete the initialization of the ROM.

Basic Port A Options Other Options Summary
Pipeline Stages within Mux | 0 Mux Size: 1x1

Memory Initialization

Load Init File

Coe File 0/ROMROM.srecs/sources_1liprom_256x16test_rom.coe [= Browse H » Edit |

Fill Remaining Memaory Locations
Remaining Memory Locations (Hex) 0

Structural/lUniSim Simulation Model Options

Defines the type of warnings and outputs are generated when a
read-write or write-write collision occurs.

Collision Warnings = All

Behavioral Simulation Model Options

Disable Collision Warnings Disable Qut of Range Warnings
Figure 8.4 Initialize ROM
The fifth step: comprehensive design

Instantiate all modules and integrate them into the top-level file. Refer to experiment 7 to
complete the program design.
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8.4 Experiment Verification

The first step: add constraints and assign pins
The pin assignment is the same as that of experiment 7, refer to experiment 7 for more

information.

The second step: run the implementation, generate bitstream files, and verify the board

After successfully downloading the generated programmable bitstream file to the Zynqg_7030
development board, the experimental phenomenon is shown in Figure 8.5.

When the DIP switch is 0000_0011 (3 in decimal), which means the content in the third byte
of the rom will be read out. The segment display illustartes 9 and is the square of 3, which is

consistent with the data have been stored.

°

o
2
F
N
8
8
e
s
b

°

[PS_ETHERNET!

i

-

i

Figure 8.5 Experimental phenomenon of ROM usage

83



Experiment 9 Use Dualport RAM to Read and Write Frame 2a

9.1 Experiment Objective

Learn to configure and use dual-port RAM

Learn to use synchronous clock to control the synchronization of frame structure
Learn to use asynchronous clock to control the synchronization of frame structure
Use ILA to observe the structure of a synchronized clock frame

Extended the use of dual-port RAM

Design the use of three-stage state machine

o b W N R

9.2 Experiment Implement

Use ILA to observe the structure of a synchronized clock frame
Extended the use of dual-port RAM
Design the use of three-stage state machine

A WN R

Design a 16-bit data frame

1) Datais generated by an 8-bit counter: Data={~counta,counta}

2) The ID of the data frame inputted by the switch (7 bits express maximum of 128 different
data frames)

3) 16-bit checksum provides data verification
A. 16-bit checksum accumulates, discarding the carry bit
B. After the checksum is complemented, append to the frame data

4)  Provide configurable datalength R { I hy £IE NI Y S G S NJ

5) Packet: When the data and O K S O {patl@g¥ are written to the dual-port RAM, the
userlD, the frame length and the @ I fflak dRe written to the specific location of the dual-
port RAM. The structure of the memory is shown in Table 9.1.

Table 9.1 Memory structure

Wr_addr Data/ Flag Rd_addr
8’hff {valid,ID,data_len} 8’hff
N/A
8’hnn+2 N/A 8’hnn+2
8’hnn+1 ~checksum+1 8’hnn+1
8’hnn datann 8’hnn
8’h01 Datal 8’h01
8’h00 Data0 8’h00

6) Read and write in an agreed order
@1 fis fhd&handshake signal. This flag provides the possibility of read and write
synchronization, so the accuracy of this signal must be ensured in the program design.
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9.3 Experiment

Bho MR INI Y LYGINRRdAzOGAZ2Y

The first step: the establishment of the main program framework (interface design)

module frame_ram
#(parameter data_len=250)

(

input inclk_p,
input inclk_n,
input rst,

input [6:0] sw,
output reg [6:0] olD,
output reg rd_done,
output reg rd_err

);

The second step: definition of state machine

parameter [2:0] mema_idle=0,
mema_init=1,
mema_pipe0=2,
mema_read0=3,
mema_readl=4,
mema_wr_data=5,
mema_wr_chsum=6,
mema_wr_done=7;

parameter [2:0] memb_idle=0,
memb_init=1,
memb_pipe0=2,
memb_read0=3,
memb_readl=4,
memb_rd_data=5,
memb_rd_chsum=6,
memb_rd_done=7;

The third step: definition of others

Clock variable definition

wire sys_clk;
wire BCD_clk;
wire Sys_rst;
reg ext_clk;

Dual-port RAM interface definition
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reg [7:0] addr_a;

reg [15:0] data_a;

reg wren_a;

wire [15:0] g_a;

reg [7:0] addr_b;

reg wren_b;

wire [15:0] q_b;

Write state machine part variable definition

reg [6:0] user_id;
reg [7:0] wr_len;
reg [15:0]  wr_chsum;
wire wr_done;
reg [7:0] counta;
wire [7:0] countb;

assign countb="counta;

reg [15:0] rd_chsum;
reg [7:0] rd_len;
reg [15:0] rd_data;
reg ext_rst;
reg [2:0] sta;

reg [2:0] sta_nxt,;
Read state machine part variable definition
reg [15:0] rd_chsum;
reg [7:0] rd_len;
reg [15:0] rd_data;
reg [2:0] stb;

reg [2:0] stb_nxt;

The fourth step: genertae dual-port RAM, PLL

dp_ram dp_ram_inst

(

.address_a (addr_a),
.address_b (addr_b),
.clock (sys_clk),
.data_a (data_a),
.data_b (16'b0),
.wren_a (wren_a),
wren_b (wren_b),
._a (q_a),
.q_b (9_b)

pll_sys_rst pll_sys_rst_inst
(
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.inclk (inclk),

.sys_clk (sys_clk),
.BCD _clk (BCD_clk),
.Sys_rst (sys_rst)

The RAM is 16 bits wide and 256 in depth. The PLL inputs a 50MHz clock and outputs 100MHz

as the working clock of other modules, and 20MHz is used to drive the segment display.

The fifth step: data generation counter

always @ (posedge sys_clk)
if(sys_rst) begin
counta <=0,
user_id <=0;
end
else begin
counta <=counta + 1;
user_id <= sw;

end

The sixth step: write state machine

assign wr_done = (wr_len == (data_len - 1'b1));
//Think why using wr_len==data_len-1, instead of wr_len==data_len
//First stage
always @ (posedge sys_clk)
begin
if (sys_rst) begin
sta = mema_idle;
end
else
sta = sta_nxt;
end
//Second stage

always @ (*)
begin
case (sta)
mema_idle sta_nxt = mema_init;
mema_init : sta_nxt = mema_pipeO0;
mema_pipe0 : sta_nxt = mema_read0;

mema_read0 :
begin
if (!q_a[15])
sta_nxt = mema_read],;

else
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sta_nxt = sta;
end

mema_readl :

begin
if (!q_a[15])
sta_nxt = mema_wr_data;
else
sta_nxt = sta;
end

mema_wr_data

begin
if (wr_done)
sta_nxt = mema_wr_chsum;
else
sta_nxt = sta;
end
mema_wr_chsum : sta_nxt = mema_wr_done;
mema_wr_done sta_nxt = mema_init;
default sta_nxt = mema_idle;
endcase

end

//Third stage
always @ (posedge sys_clk)

begin
case (sta)

mema_idle

begin
addr_a <= 8'hff;
wren_a <=1'b0;
data_a <=16'b0;
wr_len <=8'b0;

wr_chsum <=0;
end

mema_init, mema_pipe0, mema_read0, mema_readl

begin
addr_a <= 8'hff;
wren_a <=1'b0;
data_a <=16'b0;
wr_len <=8'b0;

wr_chsum <=0;
end
mema_wr_data
begin
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addr_a <=addr_a+1'b1;

wren_a <=1'bl;
data_a <= {countb, counta};
wr_len <=wr_len +1'bl;

wr_chsum <= wr_chsum + {countb, counta};
end
mema_wr_chsum
begin
addr_ a <=addr_a+1'bl;
wr_len <=wr_len+1'bl;
wren_a <=1'bl;
data_a <=(~wr_chsum)+ 1'b1;
end
mema_wr_done
begin
addr_a <= 8'hff;
wren_a <=1'bl;
data_a <={1'bl, user_id, wr_len};
end
default ;
endcase
end

Write order:

1. Read the flag of the 8'hff address (control word). If @ I £ AsRtReyrdgéam proceeds to
the next step, otherwise waits

2. Address plus 1, 8’hff+1 is exactly zero, write data from 0 address and calculate the
checksum

3. Determine whether the interpretation reaches the predetermined data length. If so,
proceeds to next step, otherwise the data is written, and the checksum is calculated.

4. checksum complements and write to memory

5.  Write the control word in the address 8'hff, packet it

The sevneth step: read state machine
//first stage
always @ (posedge sys_clk)

begin
if (lext_rst) begin
stb = memb_idle;
end
else
stb = stb_nxt;
end
//second stage
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always @ (*)
begin
case (stb)
memb_idle
memb_init
memb_pipe0 :
memb_readO :
begin
if (q_b[15])

stb_nxt = memb_init;
stb_nxt = memb_pipe0;
stb_nxt = memb_readO;

stb_nxt = memb_read1l;

else

stb_nxt = memb_init;

end
memb_readl :
begin

if (q_b[15])

stb_nxt = memb_rd_data;

else

stb_nxt = memb_init;

end

memb_rd_data

begin
if(rd_done)

stb_nxt = memb_rd_chsum;

else

stb_nxt = stb;

end

memb_rd_chsum

memb_rd_done

stb_nxt = memb_rd_done;

stb_nxt = memb_init;

default : stb_nxt = memb_idle;

endcase
end

// Third stage, the actual operation needs to be driven by the edge of the clock.

always @ (posedge sys_clk)

begin
case (stb)

memb_idle

begin
addr_b
rd_data
rd_chsum
wren_b

<= 8'hff;
<=0;
<=0;
<=1'b0;
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rd_len
olD
rd_err
end
memb_init
begin
addr_b
rd_data
rd_chsum
wren_b
rd_len
olD
rd_err
end
memb_pipe0 :
begin

<= 8'b0;
<=7'b0;
<=1'b0;

addr_b <=8'b0;

end
memb_read0 :
begin
if (g_b[15])
addr_b
else
addr_b
rd_data
rd_chsum
wren_b
rd_len
olD
end
memb_readl :
begin
if(g_b[15])
addr_b
else
addr_b
rd_data
rd_chsum
wren_b
rd_len
olD
end
memb_rd_data
begin

<=addr_b +1'b1;

<= 8'hff;
<=0;
<=0;
<=1'b0;
<=8'b0;
<=7'b0;

<=addr_b +1'b1;

<= 8'hff;
<=0;

<=0;
<=1'b0;
<=q_b[7:0];
<=(_b[14:8];

91



addr_b <=addr_b +1'b1;

rd_data <=q_b;
rd_chsum <=rd_chsum + rd_data;
wren_b <=1'b0;
rd_len <=rd_len-1'bl;
end

memb_rd_chsum

begin
addr_b <= 8'hff;
wren_b <=1'b0;

if (|rd_chsum)
rd err <=1'b1;
end

memb_rd_done

begin
addr_b <= 8'hff;
wren_b <=1'b1;
end
default ;
endcase
end
Read order
1. A Rif ti% state after reset
2. L YIhitiblization, set the address to 8’ hff
3. wR 1] LIS latency (since the read address and data are both latched). Address
+1, forming a pipeline structure
4. w S I:Benthe address to 8'hff, read the control word and judge whether the valid bit is
valid.
a. If@ £1%Raddress +1, proceeds to the next step
b. If@ £1%WRit means the packet is not ready yet, the address is set to be 8’hff
and returns to the init state.
5. WS I': Remd the control word again
a. If@ £1%Raddress+1, ID and data length are assigned to the corresponding
variables and proceeds to the next step
b. If@ f=A'WR, it means the packet is not ready yet, the address is set to 8'hff, and
returns to the A ystaté.
6. WRUYRI
a. Read data and pass to data variables
b. Calculate checksum, data_len - 1
c. Determine whether the data_lenis 0
i 0: all data has been read, proceeds to the next step
ii. Not O: continue the operation in current state
7. NR @ O KRaadzle value of checksum and calculate the last checksum. Correct the
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data and set the flag of NR ¢ S NINJ
8. NR 0] ﬁ&g/laét step clears the valid flag in memory and opens the write enable for the
next packet.

9.4 Experiment Verification

The first step: add constraints and assign pins
The pin assignment is shown in Table 9.1.

Table 9.1 Dual-port RAM read an dwrite fram data experiment pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input
inclk_n SYSCLK_N AD13 clock(differental)

200MHz
rst GPIO_SW_2 F4 Reset

sw|[0] GPIO_DIP_SWO Al7

swl1] GPIO_DIP_SW1 E8

sw(2] GPIO_DIP_SW2 c6

sw(3] GPIO_DIP_SW3 B9 8-bit switch

sw(4] GPIO_DIP_SW4 B6

sw[5] GPIO_DIP_SW5 H6

sw[6] GPIO_DIP_SW6 H7

0ID[0] SEF_PA J10

oID[1] SEF_PB 19

0ID[2] SEF_PC A7 7-bit LED

olD[3] SEF_PD B7 (segment display)

olD[4] SEF_PE A8 Indicate output

olD[5] SEF_PF A9 address

olD[6] SEF_PG A10

rd_err GPIO_DIP_SW7 G9 Read error signal
rd_done SEF_DP B10 Read end signal

The second step: observe the read and write results of the dual-port RAM with ILA

1 In order to facilitate the observation of the read and write state machine synergy
results, the data length is changed to 4 here, recompile and download. Users can test
themselves using long data

module frame_ram
#(parameter data_len=4)

(
input inclk_p,

input inclk_n
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input rst,

input [6:0] swW,

output reg [6:0] olD,

output reg rd_done,
output reg rd_err

);

2 Observe the simulation result

1) Observe the handshake mechanism through dual-port RAM
A. Determine whether the reading is started after the packet is written
B. Determine whether the write packet is blocked before reading the entire packet is
completed.
2) Observe the external interface signal and status
A. NRYRBIES NNJ
Set NR P=S1)\aMthe rising edge is the trigger signal to observe whether the error
signal is captured.
B. Observe whether & NB y@NE \ighdl and the state machine jump are strictly
matched to meet the design requirements.
3 ILA result, see Figure 9.1.

The third step: run the implementation, generate bitstream files, and verify the board
After successfully downloading the generated programmable bitstream file to the Zynq_7030
development board, the experimental phenomenon is shown in Figure 9.1.

Waveform - hw_jla_1

Q + = > » BB @ Q X o M = 2 o ol &
ILA Status: Idle

Name

Figure 9.1 Experimental phenomenon

9.5 Experiment Summary and Reflection

1 Review the design requirements. How to analyze an actual demand, to gradually
establish a model of digital control and state machine and finally design.

2 Modify the third stage of the state machine into the if...else model and implement.
3 Focus on thinking If the read and write clocks are different. After it becomes an
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4

5

asynchronous mechanism, how to control the handshake.
According to the above example, consider how dual-port RAM can be used in data
acquisition, asynchronous communication, embedded CPU interface, and DSP chip interface.
How to build ITCM with dual-port RAM and DTCM preparing for future CPU design.
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Experiment 10Asynchronous Serial Port Design and Experiment

10.1 Experiment Objective

Because asynchronous serial ports are very common in industrial control, communication,
and software debugging, they are also vital in FPGA development.
1 Study the basic principles of asynchronous serial port communication, handshake
mechanism, data frame
Master asynchronous sampling techniques
Review the frame structure of the data packet
Learning FIFO

v A W N

Joint debugging with common debugging software of PC (SSCOM, teraterm, etc.)

10.2 Experiment Implement

Design and transmit full-duplex asynchronous communication interface Tx, Rx
Baud rate of 11520 bps, 8-bit data, 1 start bit, 1 or 2 stop bits

Receive buffer (Rx FIFO), transmit buffer (Tx FIFO)

Forming a data packet

v A W N -

Packet parsing

10.3 Experiment

midPoppi. G2 {SNAIFf /KALI 6CCHHOHO LYUGNRBRdAzOUGA 2

USB is an interface technology used in the PC field to regulate the connection and
communication between computers and external devices. The USB interface supports plug-and-
play and hot-swap capabilities of the device, and can connect up to 127 peripherals, such as a
mouse, modem, and keyboard. However, there are still a large number of peripheral devices and
software using the RS232 serial port standard. In order to take full advantage of USB, a USB-
RS232 converter is designed to transmit RS232 data through the USB bus. Here, a design scheme
of USB-RS232 conversion module based on FT2-232H is proposed.

The on-board serial conversion chip is FT2232, which can implement USB to two serial UART,
FIFO, Bit-Bang I/0 interfaces, and can also be configured as MPSSE, 12C, JTAG and SPI buses.
FT2232H has 2 independent UART / FIFO controllers for controlling asynchronous data, 245 FIFO
data, optical isolation (high-speed serial port) or controlling Bit-Bang mode when installing
program commands; The USB protocol engine controls and manages the interface between UTMI
PHY and FIFO, and is responsible for power management and USB protocol specifications; the
dual-port FIFO TX buffer (4KB) stores data from the host PC and uses the data through the multi-
purpose UART and FIFO controller; the dual-port FIFO RX buffer (4KB) stores the data from the
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multi-purpose UART / FIFO controller, and then sends the data to the host; when the reset
generator module is powered on, it provides a reliable power supply reset for the internal circuit
of the device. The RESETn input pin allows external devices to reset the FT2232H. If RESETn is not
used, it should be connected to VCCIO (+3.3 V); the independent baud rate generator provides a
x 16 or x 10 clock signal to the UART. It provides the best baud rate tuning through a 14-bit scale
factor and 4 registered bits, which determines the baud rate programmable by the UART.
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Figure 10.1 Schematics of serial port
The principle of USB serial port conversion is shown in Figure 10.1. CON17 is a USB interface.
When downloading the program, it is input to the FT2232 through the two wires PC_C_USB_R_N
and PC_C_USB_R_P. After internal processing, it is input into the FPGA by C_UART_TXD_O. In the
serial port experiment, the sending path from the PC to the FPGA is the same as the download
program path. The receiving path from the FPGA to the PC is the FPGA transmitting data from
C_UART_RXD_I to the FT2232. After internal processing, the data is sent to the PC through the

USB interface to achieve serial communication receive and send.
M1 o @R AN Y LYUNRRAzOUGA2Y

The first step: the establishment of the main program framework (interface design)

module uart_top

(
input inclk_p,
input inclk_n,
input rst,
input [1:0] baud_sel,
input tx_wren,
input tx_ctrl,
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input [7:0] tx_data,
input tx_done,
output txbuf_rdy,
input rx_rden,
output [7:0] rx_byte,
output rx_byte_rdy,
output sys_rst,
output sys_clk,
input rx_in,
output tx_out

);

There are a lot of handshake signals here, with the tx prefix for the transmit part of the signal,
and the rx prefix is for the receive part of the signal.

The second step: create a new baud rate generator file
1 Input clock 7.3728MHz (64 times 115200). The actual value is 7.377049MHz, which is
because the coefficient of the PLL is an integer division, while the error caused by that is not
large, and can be adjusted by the stop bit in asynchronous communication. See Figure 10.2.
Fine solution
A. Implemented with a two-stage PLL for a finer frequency
B. The stop bit is set to be 2 bits, which can effectively eliminate the error. (This
experiment will not deal with the precision.)
C. Support output baud rate 115200, 57600, 38400, 19200
D. The default baud rate is 115200

2 Source file designing baud rate

// Send baud rate, clock frequency division selection
wire [8:0] frg_div_tx;
assign frq_div_tx = (baud_sel ==2'b00) ? 9'd63:
(baud_sel ==2'b01) ? 9'd127:
(baud_sel == 2'b10) ? 9'd255:9'd511;
reg [8:0] count_tx=9'd0;
always @ (posedge inclk)
if (Irst) begin
count_tx <=9'd0;
baud_tx <=1'b0;
end
else begin
if (count_tx == frq_div_tx) begin
count_tx <=9'd0;
baud_tx <=1'bl;
end
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end

else begin
count_tx <=count_tx + 1'b1;
baud_tx <=1'b0;

end

Four different gear positions are set to select the baud rate, corresponding to the second

step, (1). The baud rate of the receiving part is similar to that of the transmitting part.

Step 3:
1
2

1)

2)

3)

4)

5)

6)

7)

Design the send buffer file i E @ 6 dzF
8-bit FIFO, depth is 256, read/write clock separation, write full flag, read empty flag
Interface and handshake
NJeiet signal
& NP writeiclock
i E ysénl qock
8-bitwrite datai E @ R 0 |
& NAprive enable
O (iwiffes whether the input is a data or a control word
NJRb&ffer ready, can accept the next data frame

Transmit buffer instantiation file

tx_buf

#(TX_BIT_LEN(8),.STOP_BIT(2))

tx_buf_inst

(

.Sys_rst (sys_rst),

.uart_rst (uart_rst),

wr_clk (sys_clk),

tx_clk (uart_clk),

.tx_baud (tx_baud),

tx_wren (tx_wren),

tx_ctrl (tx_ctrl),

.tx_datain (tx_data),

.tx_done (tx_done),

txbuf_rdy (txbuf_rdy),

tx_out (tx_out)

);

1 Serial transmission, interface and handshake file design

1) Interface design
A. tx_rdy, send vacancy, can accept new 8-bit data
B. tx_en, send data enable, pass to the sending module 8-bit data enable signal
C. tx_data, 8-bit data to be sent
D. tx_clk, send clock
E. tx_baud, send baud rate
2) Instantiation
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tx_transmit
#(.DATA_LEN(TX_BIT_LEN),
.STOP_BIT(STOP_BIT)

)

tx_transmit_inst

(

Ax_rst (uart_rst),

tx_clk (tx_clk),

tx_baud (tx_baud),

ix_en (tx_en),

.tx_data (tx_data),

Ax_rdy (trans_rdy),

tx_out (tx_out)

);
2 Write a testbench file to simulate the transmit module. (uart_top_tb)
3 Transmit part of the ModelSim simulation waveform, as shown in Figure 10.2.

ftb_uartjuart_top_dut/tx_buf inst/tx_transmit_inst/tx_rst
_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_dk
[ftb_uartfuart_top_dut/tx_buf_inst/tx_transmit_inst/tc_en
£ ftb_uart/uart_top_dut/tx_buf_inst/tx_transmit_inst/tx_data
4. ftb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_rdy
ftb_uartjuart_top_dut/tx_buf inst/tx_transmit_inst/tc_baud

-4 ftb_uartjuart_top_dut/bx_buf _inst/tx_transmit_inst/tc_len
€34 ftb_uartjuart_top_dut/bx_buf inst/tx_transmit_inst/tx_data_r
B4 fto_uartjuart_top._dut/bx_buf inst/tx_transmit_inst/tx_st
-4 ftb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/bx_st_nxt

Now 500000 s
T ——— YT

Figure 10.2 Serial port sends MoselSim simulation waveform

4 Extended design (extended content is only reserved for users to think and practice)
1) Design the transmitter to support 5, 6, 7, 8-bit PHY (Port physical layer)
2)  Support parity check

5 The settings of the above steps involve FIFO, PLL, etc. (Refer to uart_top project file)

The fourth step: UART receiving module design
1 Design of rx_phy.v
1) Design strategies and steps
A. Use 8 times sampling: so rx_baud is different from tx_baud, here sampling is
rx_band = 8*tx_band
B. Adopting judgments to the receiving data
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Determine whether the data counter is greater than 4 after the sampling value is
counted.
2) Steps to receive data:
A. Synchronization: refers to how to find the start bit from the received 0101
@aeyqQuRrRaO
B. Receivestartbit(a 0 )} NJIi
Cyclically receive 8-bit data
D. Receive stop bit (determine whether it is one stop bit or two stop bits)
a. Determine if the stop bit is correct
i. Correct, jump to step B
ii. Incorrect, jump to step A, resynchronize
b. Do not judge, jump directly to B, this design adopts the scheme of no
judgment
2 Design of rx_buf
1) Design strategies and steps
A. Add 256 depth, 8-bit fifo
a. Read and write clock separation
b. Asynchronous clear (internal synchronization)
c. Data appears before the NR NdRHp read port
B. Steps:
a. Initialization: ¥ A NB @ LIK &
b.  Wait: FIFO full signal (& NJj idzf f
c.  Write: Triggered by NE ) LIK SNJEOUBLAKSY NORIR BIK &
d. End of writing
e. Backto step b and continue to wait
f. NE | GsalrEedpdgram (Reference to project files)
g. Receive module simulation
Content and steps
i. (i E JoophkEk test (assign NE ¢ & & )2 dzii
ii. Continue to use the testbench file in the TX section
iii. Write the testbench of NE
h. ModelSim simulation. See Figure 10.3.
i.  Reflection and development
I.  Modify the program to complete the 5, 6, 7, 8-bit design
Il.  Completing the design of the resynchronization when the & (i land& (i 2 LJ
have errors of the receiving end NE  LIK &
Ill. Complete the analysis and packaging of the receiving data frame of
NE ¢ 6 dzF
IV. Using multi-sampling to design 180° alignment data sampling method,
compare FPGA resources, timing and data recovery effects
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[tb_uartfuart_top_dut/rx_buf inst/sys_dk
[ftb_uartjuart_top_dut/rx_buf_inst/rx_dk
[ftb_uartjuart_top_dutfrx_buf inst/sys_rst
[tb_uartjuart_top_dutfrx_buf_instjuart_rst
[tb_uartjuart_top_dut/rx_buf_inst/rx_in
[tb_uartjuart_top_dut/rx_buf_inst/rx_baud
[tb_uartjuart_top_dutjrx_buf inst/rx_rden
4. ftb_uartjuart_top_dutjrx_buf_inst/rx_byte
4. [tb_uartjuart_top_dutirx_buf inst/rx_byte_rdy
4 [tb_uartfuart_top_dutyrx_buf_inst/wr_full
4 [tb_uartjuart_top_dutfrx_buf inst/rd_empty
4 ftb_uartjuart_top_dut/rx_buf inst/wr_dr
4 [tb_uartjuart_top_dut/rx_buf_inst/wr_en
4 [tb_uartjuart_top_dutirx_buf_inst/wr_data
[tb_uartjuart_top_dutrx_buf inst/rx_phy_byte
tb_uartjuart_top_dut/rx_buf_inst/rx_phy_rdy
[tb_uartjuart_top_dut/rx_buf_inst/wr_st
-4 /tb_uartjuart_top_dutjrx_buf instfwr_st_nxt

Figure 10.3 rx_phy waveform

10.4 Experiment Verification

1 Hardware interface, Zynq_7030 development board has integrated USB to serial port
conversion

USB to UART

2 Write a hardware test file

1) Test plan: connect development board CON13 to host USB interface

2)  Using test software such as teraterm, SSCOMS3, etc., you can also write a serial

communication program (C#, C++, JAVA, Python...)

3) PCsends data in a certain format

4) The test end uses a counter to generate data in a certain format.

5)  Write the test program dzi NJi () Ka#idjindt&hdiate dzi NI igiti 2 LJ

6) Setdzl NIi  Ktd tieltaP Bvél, instantiate the previous program, and then verify it
3 Pin assignmnets:

Assign pins: shown in Table 10.1.

Table 10.1 Serial port experimental pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input clock(differential)
inclk_n SYSCLK_N AD13 200MHz

rst GPIO_SW_2 F4 Reset
rx_in FPGA_RXI AC26 Serial data input signal
tx_out FPGA_TXO ZE22 Serial data output signal
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4

Experiment phenomenon: observe the data received by the PC. See Figure 10.4.

T COMSE - Tera Term VT - O >

File Edit Setup Control Window Help

?A B3 74 9E VY4 B2 CD 83 V4 9E FA V8 9E VY@ B2 CD 83 74 2E V@ B2 CD 83 V8@ ?2n 83 748
9E 7@ B2 CD 83 74 9E FA 70 9E 78 B2 CD 83 74 9E V0 B2 CD 83 V0 %A 83 74 9E 7A@ B
|2 CD 83 7?4 9E FA@ 78 9E 78 B2 CD 83 74 9E 7@ B2 CD 83 7@ 94 83 74 ?E 7@ B2 CD B3
4 9E FA 78 9E 7@ B2 CD 83 74 9E 78 B2 CD 83 78 9A 83 74 9E 78 B2 CD 83 74 2E F@
| 70 9E 7@ B2 CD 83 74 9E 78 B2 CD 83 79 9A 83 74 9E 78 B2 CD 83 74 9E F@ 7@ 9E 7
B2 CD 83 74 2E 7@ B2 CD 83 78 %A 83 74 7E 78 B2 CD 83 74 9E FB 7@ %E 78 B2 CD
(83 74 9E 78 B2 CD 83 78 A 83 74 %E 78 B2 CD 83 74 9E FO 7@ 9E 78 B2 CD 83 74 2E
| 78 B2 CD 83 Y@ ?a 83 V4 2E 7@ B2 CD 83 74 9E FA @ 2E Y@ B2 CD 83 Y4 2E V@ B2 (
D 83 78 74 83 Y4 2E 7@ B2 CD 83 74 9E FA 70 9E 7@ B2 CD 83 74 9E V8 B2 CD 83 78
[7A 83 74 9E Y0 B2 CD 83 2?4 9E FA 78 9E 78 B2 CD 83 7?4 9E 7@ B2 CD 83 7@ 94 83 74
| 9E 78 B2 CD 83 74 9E FA 78 ?E 7@ B2 CD B3 74 9E 7@ B2 CD 83 78 9A 83 74 9E 78 B
2 CD 83 74 E FA 78 2E 7@ B2 CD 83 74 2E 78 B2 CD 83 78 %A 83 74 %E 78 B2 CD 83
4 9E FA 78 2E 7@ B2 CD 83 74 9E 78 B2 CD 83 78 9A 83 74 %E 78 B2 CD 83 74 2E F@
78 E 78 B2 CD 83 74 9E 70 B2 CD 83 79 94 83 74 9E 7@ B2 CD 83 74 2E FA 78 %E 7
@ B2 CD 83 ¥4 9E V8 B2 CD 83 70 ?a 83 74 2E 7@ B2 CD 83 74 9E FA VYA 9E V@ B2 CD
(23 74 9E 78 B2 CD 83 78 9A B3 74 9E 7@ B2 CD 83 74 9E FA 7@ 9E 78 B2 CD 83 74 9E
| 78 B2 CD 83 70 74 83 7?4 9E V@ B2 CD 83 74 9E FA 78 9E 7@ B2 CD 83 74 ?E 78 B2 C
D 83 78 94 83 74 9E VA B2 CD 83 74 9E FA 78 9E 70 B2 CD 83 74 2E 78 B2 CD 83 78
83 74 9E 78 B2 CD 83 74 ?E FA 78 9E 7@ B2 CD 83 74 2E 78 B2 CD 83 78 9A 83 4
2E 78 B2 CD 83 74 9E FA 7@ 9E 78 B2 CD 83 74 9E V8 B2 CD 83 78 24 83 74 9E 7@ B
2 CD 83 7?4 9E FB@ 78 9E 78 B2 CD 83 74 9E 70 B2 CD 83 780 %A 83 74 ?E 7@ B2 CD B3
4 9E FA 78 2E 7@ B2 CD 83 74 9E 78 B2 CD 83 78 9n 83 V4 9E VY@ B2 CD 83 74 2E F@

p B2 CD 83 74 9E 7@ B2 CD 83 7@ 9A 83 74 9E 7@ B2 CD 83 24 9E F@ 7@ 9E 70 B2 CD
83 74 9E 7@ B2 CD 83 74 9E F@ 70 9E 78 B2 GD 83 74 9E
| 70 B2 CD 83 78 9n 83 74 9E 70 B2 CD 83 74 9E F@ 7@ 9E 7@ B2 CD 83 74 9E 7@ B2 C
D 83 7P 9A 83 74 9E 70 B2 CD 83 74 9E F@ 70 9E 7@ B2 CD 83 74 9E 7@ B2 CD 83 7@
90 83 74 9E 70 B2 CD 83 74 9E FO 70 9E 70 B2 CD 83 74 9E 7@ B2 CD 83 78 90 83 74
| 9E 7@ B2 CD 83 74 95 F@ 7@ 9E 7@ B2 CD 83 74 9E 70 B2 CD 83 70 90 83 74 9E 70 B
2 CD 83 74 9E F@ 70 9E 7@ B2 CD 83 74 9E 70 B2 CD §3 70 9 83 74 9E 70 B2 CD 83
4 9E F@ 78 9E 7@ B2 CD B3 74 9E 78 B2 CD 83 7@ 9A 83 74 9E 20 B2 CD 83 74 9E F@
| 70 9E 70 B2 CD 83 74 9E 78 B2 CD 83 70 9A 83 74 9E 7@ B2 CD 83 74 9E F@ 7@ 9E 7
6 B2 CD 83 74 9E 7@ B2 CD 83 7@ 90 83 74 9E 7@ B2 CD 83 74 9E F@ 7@ 9E 70 B2 CD
83 74 9E 7P B2 GD 83 7@ $A 83 74 9E 7@ B2 CD 83 74 9E FA 7@ 9F 7@ B2 CD 83 74 9F
| 70 B2 CD 83 70 9n 83 74 9E 70 B2 CD &3 74 9E F@ 70 9E 7@ B2 CD 83 74 9E 70 B2 Clhd

Figure 10.4 Sent data received on the host computer
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Experiment 111ICProtocol Transmission

11.1 Experiment Objective

1 Learning the basic principles of asynchronous IIC bus, and the IIC communication
protocol

2 Master the method of reading and writing EEPROM

3 Joint debugging using logic analyzer

11.2 Experiment Implement

1 Correctly write a number to any address in the EEPROM (this experiment writes to the
register of 8'h03 address) through the FPGA (here changes the written 8-bit data value by
(SW7~SW0)). After writing in successfully, read the data as well. The read data is displayed
directly on the segment display.

2 Download the program into the FPGA and press the left push button to execute the
data write into EEPROM operation. Press the right push button to read the data that was
just written.

3 Determine whether it is correct or not by reading the displayed number on the
segment display. If the segment display has the same value as written value, the experiment
is successful.

4 Analyze the correctness of the internal data with ILA and verify it with the display of the
segment display.

MM ®olLdimi NP RdIItAWINYARG 2. L/ t NP (G202 f

1 EEPROM Introduction
EEPROM (Electrically Erasable Programmable Read Only M emory) refers to a charged
erasable programmable read only register. It is a memory chip that does not lose data after
turning off power.
On the experiment board, there is an IIC interface EEPROM chip M24C08 with a capacity of
1024 bytes. Users can store some hardware configuration data or user information due to the
characteristics that the data is not lost after power-off.

2 The overall timing protocol of IIC is as follows:
1) Busidlestate:{ 5, / are high
2) Start of IIC protocol: { / sfays high, { 5 jumps from high level to low level, generating a
start signal
3) lIC read and write data stage: including serial input and output of data and response
signal issued by data receiver

104



4) 1IC transmission end bit: SClis in high level, SDAumps from low level to high level, and
generates an end flag. See Figure 11.1.
5) { 5 tust remain unchanged when { / i{ high. It changes only when { [/ i{ low

MMmfﬂ—

ACKNOWLEDGEMENT ACKNOWLEDGEMENT |

SIGNAL FROM RECEIVER SIGNAL FROM RECEIVER |

s | 1 2N ____ /7 8 9 1 2 3-8 9 [ e |
b——d ACK ACK b——d
START STOP
CONDITION BYTE COMPLETE, CLOCK LINE HELD LOW CONDITION

INTERRUPT WITHIN RECEIVER WHILE INTERRUPTS ARE SERVICED

SU00363

Figure 11.1 Timing protocol of IIC

wha dlF NRgIFNBE LYGIGNRRdAzOGAZ2Y

Each IIC device has a device address. When some device addresses are shipped from the
factory, they are fixed by the manufacturer (the specific data can be found in the manufacturer's
data sheet). Some of their higher bits are determined, and the lower bits can be configured by the
user according to the requirement. The higher four-bit address of the EEPROM chip M24C08 used
by the develop board has been fixed to 1010 by the component manufacturer. The lower three bits
are linked in the develop board as shown below, so the device address is 1010000. See Figure 11.2.

VCC3V3
VCC3V3
R162
2+ TK
IIC EEPROM SCL 6 . ‘
: : SCL 0.1uF
'\.
TIC EEPROM SDA 50 spA WP v
i AD
= { Al VCC
21 A2 GND
M24C08-WDWETP
R163 , _ )
A TR TSSOPS_65P440X300MM
GND GND

Figure 11.2 1IC schematics EEPROM part
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B
@
4

1]

o LI
o |21
;i i 5 o u
SE o e B e g
i 0.1uF
79 R A P
GND

Figure 11.3 IIC SWITCH schematics
EEPROM reads and writes data through the IIC_EEPROM_SCL clock line and the
IIC_EEPROM_SDA data line with the FPGA.
Because there are many on-board IIC devices, to save | / O resources of FPGA, PCA9548 chip
is used as IIC SWITCH, as shown in Figure 11.3. The FPGA uses IIC_SCL_MAIN and IIC_SDA_MAIN
as lIC buses to connect to PCA9548, and then passes PCA9548 to drive IIC devices. It can drive up

to 8 IIC devices at the same time and itself is driven by the IIC protocol.
MW ANR INI Y LYUGNRRAzOUGAZ2Y

This experiment has two main modules, 12C reading and writing module and LED display
module; The first module is mainly introduced here.
The first step: establishment of the main program framework

eeprom_test(
input inclk_p,
input inclk_n,
input rst,
input key_wr,
input key_rd,
input [7:0] SW,
output tube_sell,
output tube_sel2,
output [7:0] tube_seg,
inout scl,
inout sda
);

Inputs are differential clock, reset signal NJwitite control signal 1 Se NreéadNdontrol signal
1 Se ,lbrN.erite content are controlled by switch { 2. The output signals are two segment display
selection signals (i dzo S piiad$t SmiségrBehtiselection signal (i dzo S,irdl $s8t of I1C bus scl
clock lines and sda data lines.

The second step: createclock L L/ @/ [ Y
reg [2:0] cnt;

reg [8:0] cnt_delay;
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reg scl_r;
reg scl_link ;
always @ (posedge clk or posedge rst)
begin
if (rst)
cnt_delay <=9'd0;
else if (cnt_delay == 9'd499)
cnt_delay <=9'd0;
else
cnt_delay <= cnt_delay + 1'b1;
end

always @ (posedge clk or posedge rst)

begin
if (rst)
cnt <= 3'd5;
else begin
case (cnt_delay)
9'd124: cnt<=3'dl;
9'd249: cnt<=3'd2;
9'd374: cnt<=3'd3;
9'd499: cnt<=3'd0;
default: cnt<=3'd5;
endcase
end
end
“define SCL_POS (cnt==3'd0)
“define SCL_HIG (cnt==3'd1)
“define SCL_NEG (cnt==3'd2)
“define SCL_LOW (cnt==3'd3)

always @ (posedge clk or posedge rst)
begin
if (rst)
scl_r<=1'b0;
else if (cnt == 3'd0)
scl_r<=1'b1;
else if (cnt == 3'd2)
scl_r<=1'b0;

end

assign  scl =scl_link ? scl_r: 1'bz;

//cnt=1:scl
//cnt=2:scl
//cnt=3:scl
//cnt=0:scl

//cnt=0:scl
//cnt=1:scl
//cnt=2:scl
//cnt=3:scl

//10us
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First, divide 50MHz system clock to obtain a 100KHz clock with a period of 10us as the
transmission clock of the 12C protocol, and then use the counter to define the rising edge, high

state, falling edge and low state of the clock to prepare for subsequent data reading and writing

and the start and end of the 12C protocol. The last sentence means to define a data valid signal.

Only when the signal is high, that is, when the data is valid, the 12C clock is valid again, otherwise

it is in a high impedance state. This is also set in accordance with the 12C transmission protocol.

The third step: specific implementation of 12C transmission

‘define  DEVICE_READ 8'b1010_0001
‘define  DEVICE_WRITE 8'b1010_0000
‘define  BYTE_ADDR 8'b0000_0011

‘define  [IC_SWITCH_ADDR 7'b1110_000
‘define  EEPROM_CHANNEL 8'b0000_0001
parameter IDLE =5'do;
parameter STARTO =5'dl;
parameter ~ ADDO =5'd2;
parameter  ACKO =5'd3;
parameter CHANNEL =5'd4;
parameter  ACK_C =5'd5;
parameter STOPO =5'd6;
parameter START1 =5'd7;
parameter  ADD1 =5'd8;

parameter  ACK1 =5'd9;
parameter  ADD2 =5'd10;
parameter  ACK2 =5'd1];

parameter START2 =5'd12;
parameter ~ ADD3 =5'd13;

parameter  ACK3 =5'd14;
parameter DATA =5'd15;
parameter  ACK4 =5'd16;

parameter STOP1 =5'd17;
parameter STOP2 =5'd1s;

always @ (posedge clk or posedge rst)

begin
if (rst) begin
cstate <= IDLE;
sda_r <=1'bl;

scl_link <=1'b1;
sda_link <=1'b1;

num <=4'd0;
read_data <= 8'b0000_0000;
cnt_5ms <=20'h00000;

iic_done <=1'b0;

108



end
else case (cstate)
IDLE :
begin
sda_link <=1'b1;
scl_link <=1'b1;
iic_done <=1'b0;
if (wr_en) begin
db_r<={'1IC_SWITCH_ADDR, 1'b0};
cstate <= STARTO;
end
else if (rd_en) begin
db_r<={'IIC_SWITCH_ADDR, 1'b1};
cstate <= STARTO;
end
else cstate <= IDLE;

end

STARTO
begin
if ('SCL_HIG) begin
sda_link <=1'b1;

sda_r <=1'b0;

num <=4'd0;

cstate <= ADDO;
end

else cstate <= STARTO;
end

ADDO
begin
if ('SCL_LOW) begin
if (num == 4'd8) begin

num <=4'd0;
sda_r <=1'b1,;
sda_link <=1'b0;
cstate <= ACKO;
end
else begin
cstate <= ADDO;
num <=num + 1'bl;
case (hum)

4'd0 : sda_r <= db_r[7];
4'd1 : sda_r <=db_r[6];
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4'd2 :sda_r<=db_r[5];
4'd3 :sda_r<=db_r[4];
4'd4 :sda_r<=db_r[3];
4'd5 :sda_r<=db_r[2];
4'd6:sda_r<=db_r[1];
4'd7 : sda_r<=db_r[0];
default :;
endcase
end
end
else cstate <= ADDO;
end

ACKO
begin
if ('SCL_NEG) begin
cstate <= CHANNEL;
db_r<="EEPROM_CHANNEL;
end
else cstate <= ACKO;
end

CHANNEL:
begin
if ("SCL_LOW) begin
if (num == 4'd8) begin

num

sda_r

<=4'd0;
<=1'b1;

sda_link <=1'b0;

cstate

<= ACK_G;

end
else begin
sda_link <=1'b1;
num <= num + 1'b1;
case (hum)
4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <=db_r[5];
4'd3 : sda_r <=db_r[4];
4'd4 : sda_r <=db_r[3];
4'd5 : sda_r <=db_r[2];
4'd6 : sda_r <=db_r[1];
4'd7 : sda_r <= db_r[0];
default :;
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endcase
cstate <= CHANNEL;
end
end
else cstate <= CHANNEL;
end

ACK_C
begin
if (wr_en)
if ("SCL_NEG)
cstate <= STOPO;
else
cstate <=ACK_GC;
else if (rd_en)
sda_r <=1'b0;
if ("SCL_NEG)
cstate <= STOPO;
else
cstate <=ACK_GC;
end

STOPO
begin
if ("SCL_LOW) begin
sda_link <=1'b1;

sda_r <=1'b0;
cstate <= STOPO;
end
else if ("'SCL_HIG) begin
sda_r <=1'bl;
cstate <= START],;
end
else cstate <= STOPO;
end
START1
begin
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db_r <= "DEVICE_WRITE;
if ("'SCL_HIG) begin
sda_link <=1'b1;

sda_r <=1'b0;

num <=4'd0;

cstate <= ADD1];
end

else cstate <= START1;
end

ADD1
begin
if ("'SCL_LOW) begin
if (num == 4'd8) begin
num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK1;
end
else begin
cstate <= ADD];
num <=num + 1'b1;
case (hum)
4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <= db_r[5];
4'd3 : sda_r <=db_r[4];
4'd4 : sda_r <=db_r[3];
4'd5 : sda_r <=db_r[2];
4'd6 : sda_r <=db_r[1];
4'd7 : sda_r <= db_r[0];
default :;
endcase
end
end
else cstate <= ADD1;
end

ACK1
begin
if ("SCL_NEG) begin
cstate <=ADD2;
db_r<="BYTE_ADDR,;
end
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else cstate <= ACK1;
end

ADD2
begin
if ("'SCL_LOW) begin
if (hum == 4'd8) begin

num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK2;
end
else begin

sda_link <=1'b1;

num <= num+1'b1;

case (hum)
4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <=db_r[5];
4'd3 : sda_r <=db_r[4];
4'd4 : sda_r <=db_r[3];
4'd5 : sda_r <=db_r[2];
4'd6 : sda_r <=db_r[1];
4'd7 : sda_r <= db_r[0];
default :;

endcase
cstate <= ADD2;

end

end
else cstate <= ADD2;
end

ACK2
begin
if ("'SCL_NEG) begin
if (wr_en) begin
cstate <= DATA;
db_r<=data_tep;
end
else if (rd_en) begin
db_r<="DEVICE_READ;
cstate <= START2;
end

end

113



else cstate <= ACK2;

end
START2
begin
if ("'SCL_LOW) begin
sda_link <=1'b1;
sda_r <=1'bl;
cstate <= START2;
end
else if ('SCL_HIG) begin
sda_r <=1'b0;
cstate <= ADD3;
end
else cstate <= START2;
end
ADD3
begin
if ("SCL_LOW) begin
if (num == 4'd8) begin
num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK3;
end
else begin
num <= num + 1'b1;
case (hum)
4'd0 : sda_r <=db_r[7];
4'd1:sda_r <=db_r[6];
4'd2 : sda_r <=db_r[5];
4'd3 : sda_r <=db_r[4];
4'd4 : sda_r <=db_r[3];
4'd5 : sda_r <=db_r[2];
4'd6 : sda_r <=db_r[1];
4'd7 : sda_r <= db_r[0];
default: ;
endcase
end
end

else cstate <= ADD3;
end
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ACK3
begin
if ('SCL_NEG) begin

cstate <= DATA;
sda_link <=1'b0;
end
else cstate <= ACK3;
end
DATA
begin

if (rd_en) begin

if (num <= 4'd7) begin

cstate <= DATA;

if('SCL_HIG) begin
num <= num + 1'b1;

case (hum)
4'd0:
4'dl:

4'd2

4'd5

read_data[7] <= sda;
read_data[6] <= sda;

: read_data[5] <= sda;
4'd3:
4'd4 .

read_data[4] <= sda;
read_data[3] <= sda;

: read_data[2] <= sda;
4'd6 :
4'd7 :

read_data[1] <= sda;
read_data[0] <= sda;

default: ;

endcase

end
end

else if(("SCL_LOW) && (num == 4'd8)) begin
num <=4'd0;
cstate <= ACK4;

end

else cstate <= DATA;

end
else if (wr_en) begin
sda_link <= 1'b1;

if (num <= 4'd7) begin

cstate <= DATA;

if ("SCL_LOW) begin
sda_link <=1'b1;

num

<=num + 1'b1;
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case (num)

4'd0 :
:sda_r<=db_r[6];
4'd2 :
4'd3:
4'd4 :
4'd5:
4'd6 :
:sda_r <= db_r[0];

4'd1l

4'd7

sda_r<=db_r[7];

sda_r<=db_r[5];
sda_r<=db_r[4];
sda_r<=db_r[3];
sda_r<=db_r[2];
sda_r<=db_r[1];

default: ;

endcase
end
end

else if (("'SCL_LOW) && (num==4'd8)) begin
<=4'd0;
<=1'b1;

num

sda_r

sda_link <=1'b0;

cstate
end

else cstate <= DATA;

end
end

ACK4
begin
if (wr_en)
if ('SCL_NEG)

<= ACK4;

cstate <= STOP1;

else

cstate <= ACK4;

else if (rd_en)
sda_r <=1'b0;
if ('SCL_NEG)

cstate <= STOP1;

else

cstate <= ACK4;

end

STOP1
begin
if ("'SCL_LOW) begin
sda_link <=1'b1;

sda_r <=1'b0;
cstate <=STOP1;
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end
else if ('SCL_HIG) begin

sda_r <=1'bl;
cstate <=STOP2;
end
else cstate <= STOP1;
end
STOP2
begin

if ('SCL_NEG) begin
sda_link <=1'b0;
scl_link <=1'b0;

end

else if (cnt_5ms==20'h3fffc) begin
cnt_5ms <=20'h00000;
iic_done <=1;

cstate <= IDLE;
end
else begin
cstate <=STOP2;
cnt_5ms <=cnt_5ms +1'b1;
end

end

default: cstate <= IDLE;

endcase

end

The entire process is implemented using a state machine. When reset, it is idle state, while
data line & R FisypNidd high, clock and data are both valid, i.e. & Ot Jaf RAF yJite high;
counter Y dz¥ cleared and NB I R yisR.I5riisldelay counter is cleared, IIC transmission end
signal L A O YiR&vyh8s invalid.

1 IDLE state: when the write enable signal & NJpiSryteived, the write control word is
assigned to the intermediate variable RO WNJ ¢ ' 98 L L/ {ofwhdnthérgasi 55w ™MUon
enable signal NO ) % yeceived, the write control word is also assigned to the intermediate
variable RO WNJ ¢ ' 906 L L/ yafdjumgtsd {| ¢! WieEnw~ MUO MY
2 START1 state: pull the data line low when the clock signal is high, generating the start
signal of IIC transmission, and jump to the device address state ADDO;
3 Device address status ADDO: After the write control word or read control word is
transmitted according to MSB (high order priority), the & R I yifpWllafl jow causing data bus
in a high impedance state, and jump to the first response state ACKO, waiting for the response

signal from the slave.
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4 Response status ACKO: If the data line is pulled low, it proves that the slave receives the
data normally, otherwise the data is not written into, and then the rewriting or stopping is
decided by the user. There is no temporary judgment and processing here, jump directly to
the channel selection state/ | ! b jaRd[assign the channel selection information to the
intermediate variable (this experiment needs to drive EEPROM, so channel 0 is used, that is,
99twhaw/ I 'bb9[ ) yUdnnanynnnm

5 Channel selection status CHANNEL: same as 3 ,the channel information is
transmitted to the slave (PCA9548), and jumps to the response status ! / Ydp /
6 Response state ACK_C: If it is a write operation, it will jump directly to the stop state

{ ¢ h.1finis a read operation, the host will send a non-response signal and then jump to the
stop state{ ¢ h;t n
7 Stop state STOPO: jump directly to the start state START1;
(The previous states are the control of IIC SWITCH, PCA9548)

8 Start state START1: Assign the write control word of EEPROM to the intermediate
variable Ro WNJ £ I' & 5,9ull the dStalliRevol when the clock signal is high,
generate the start signal of 12C transmission, and jump to the device address state! 5 § M

9 Device address state ADD1: After the write control word (device address plus one bit 0)
is transmitted in MSB (high order priority), pull @ R I yidwhkoyfelease the data bus to a
high-impedance state, and jump to the first response state ! / Ywaiting for the response
signal from the slave (EEPROM)

10 The first response status ACK1: if the data line is pulled low, it proves that the slave
normally receives the data, otherwise the data is not written into the EEPROM. The next
decision to rewrite or stop is determined by the user. There is no temporary judgment and
processing here. Directly jump to the write register address state ! 5 5 and assign the

address where the data is written to, . ¢ 9 Y, tb thavintermediate variable (this

5

experiment writes data to the third register, thatis, .

11 Register address state ADD2: same as 9 , transfer the register address to the slave
and jump to the second response state ACK2

12 The second response state ACK2: at this state, it is urgent to judge. If it is the write state
& N3 $heh it will jump to the data transmission state 5 | ¢and at the same time, the written
data will be assigned to the intermediate variable. If it is the read state NR Uy iijans to the
second start state { ¢ ! vl Bssigns the read control word to the intermediate variable.

13 The second start state START2: same as 8 , generates a start signal and jumps to the
read register address state! 5 5 0

14 Read register address status ADD3: Jump to the third response status ACK3 after
transferring the register address that needs to read data

15 The third response state ACK3: directly jump to the data transmission state 5 | ¢lh the
read state, the data to be read will be directly read out immediately following the register
address.

16 Data transfer status DATA: here judge is needed, if it is a read state, directly output the
data, if it is a write state, the data to be written is transmitted to the data line { 5,land both
states need to jump to the fourth response state! / Y n

17 Fourth response status ACK4: jump directly to stop transmission transitionto{ ¢ ht ™

18 Stop transmission transition STOP1: pull down the data line when the clock line is high,
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19 Transfer completed state STOP2: release all clock and data lines,

returntothe L 5[ 9

state after a 5ms delay and waits for the next transfer instruction. This is because EEPROM

stipulates that the interval between two consecutive read and write operations must not be

less than 5ms.

11.4 Experiment Verification

The first step: assign the pins

See Table 11.1 for the pin assignments.

Table 11.1 Pin mapping table of IIC protocol transmission experiment

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input
inclk_n SYSCLK_N AD13 clock(differential)

200MHz
rst GPIO_SW_2 F4 Reset
key_wr GPIO_SW_2 D4 Write operation
key_rd GPIO_SW_2 F2 Read operation
sw|[0] GPIO_DIP_SWO Al7
swl1] GPIO_DIP_SW1 E8
sw(2] GPIO_DIP_SW2 c6
sw[3] GPIO_DIP_SW3 B9 8-bit switch
sw(4] GPIO_DIP_SW4 B6
sw[5] GPIO_DIP_SW5 H6
sw[6] GPIO_DIP_SW6 H7
sw(7] GPIO_DIP_SW7 G9
tube_sell SEG_DO C1 0t bit of segment
display
tube_sel2 SEG_DO E3 15t bit of segment
display
tube_seg(0] SEF_PA J10

tube_seg[1] SEF_PB J9

tube_seg(2] SEF_PC A7

tube_seg(3] SEF_PD B7

tube_seg[4] SEF_PE A8 Segment selection

tube_seg [5] SEF_PF A9 signal

tube _seg[6] SEF_PG Al10

tube _seg[7] SEF_DP B10

scl [IC_SCL_MAIN_LS w14 IIC clock bus
sda [IC_SDA_MAIN_LS w17 IIC data bus

The second step: run the implementation, generate bitstream files, and verify the board

After successfully downloading the generated programmable bitstream file to the
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Zyng_7030 development board, the experimental phenomenon is shown in Figure 11.3. Press the
LEFT key to write the 8-bit value represented by SW7 ~ SWO0 into the EEPROM, and then press the
RIGHT key to read the value entered just now. The value of the write location. Observe the
consistency between the value displayed by the segment display on the experiment board and
the value (SW7 ~ SWO0) written in the register 8’h03 of the EEPROM address (write 8’h34 in this
experiment). The read value is displayed on the segmnet display.

°

Figure 11.3 IIC transmission experimental phenomenon
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Experiment 12HDMIExperiment

13.1 Experiment Objective

Review IIC protocol knowledge
2 Learn HDMI theory

13.2 Experiment Implement

Through the HDMI interface, different image contents are displayed on the screen.

13.3 Experiment

Mo ®olLdimi NP R deColiaAly yi S INF I OST f AR LI

Image display processing has always been the focus of FPGA research. At present, the image
display mode is also developing. The image display interface is also gradually transitioning from
the old VGA interface to the new DVI or HDMI interface. HDMI (High Definition Multimedia
Interface) is a digital video/audio interface technology. It is a dedicated digital interface for image
transmission. It can transmit audio and video signals at the same time.

The ADV7511 is a chip that converts FPGA digital signal to HDMI signal following VESA
standard. For more details, see the related chip manual. Among them, “ADV7511 Programming
Guide” and “ADV7511 Hardware Users Guide” are the most important. The registers of the
ADV7511 can be configured by referring those documents.

ADV7511 Register Configuration Description: The bus inputs D0-D3, D12-D15, and D24-D27
of the ADV7511 have no input, and each bit of data is in 8-bit mode. Directly set 0x15 [3:0]) 0x0
data, Ox16 [3:2] data does not need to be set for its mode. Set [5:4] of 0X16 to 11for 8-bit data
and keep the default values for the other digits. 0x17[1] refers to the ratio of the length to the
width of the image. It can be set to 0 or 1. The actual LCD screen will not change according to the
data, but will automatically stretch the full screen mode according to the LCD's own settings.
0x18[7] is the way to start the color range stretching. The design is that RGB maps directly to
RGB, so it can be disabled directly. 0X18[6:5] is also invalid currently. OXAF[1] is to set HDMI or
DVI mode, the most direct point of HDMI than DVI is that HDMI can send digital audio data and
encrypted data content. This experiment only needs to display the picture, and it can be set
directly to DVI mode. Set 0XAF[7] to O to turn off HDMI encryption. Due to GCCD, deep color
encryption data is not applicable, so the GC option is turned off. Ox4c register does not need to
be set as well. Other sound data setting can be ignored here for DVI output mode. After writing

these registers, the image can be displayed successfully.
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The onboard HDMI module consists of an HDMI interface and an ADV7511 chip. The actual
picture is shown in Figure 12.1. The schematic is shown in Figure 12.2.
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Figure 12.2 Schematics of HDMI

ADV7511 chip is set through the 1IC bus and send the picture information to be displayed to
the chip through HDMI_DO to HDMI_D23, and control signals HDMI_HSYNC and HDMI_VSYNC
and the clock signal HDMI_CLK, which are transmitted to the PC through the HDMI interface after
being processed internally by the chip.

Mo ®o NP 3 NI XNB R¥zOU A 2 Y

The configuration part of the ADV7511 chip is carried out using the IIC protocol, with reference
to Experiment 11 and Experiment 12. A brief introduction to the data processing section is now
available.

module hdmi_test (
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input inclk_p,
input inclk_n,
input rst,
input keyl,
output rgb_hs,
output rgb_vs,
output [7:0] rgb r,
output [7:0] rgb_g,
output [7:0] rgb_b,
output rgb_clk,
inout scl,
inout sda,
output en
);

endmodule

FPGA configures the ADV7511 chip through the IIC bus (clock line & Qifta line & R.IAfter
the configuration is complete, the output image information needs to be determined. Taking the
1080P (1920 * 1080) image format as an example, the data signals NH 0O(rédNdmponent), NH 0 ¢ 3
(green component), NH O(kjud component), line synchronization signal NH 0 ,{idda
synchronization signal NB 0, ynd dclock NB 0 widlfe butput. Each pixel is formed by a
combination of three color components. Each row of 1920 pixels is filled with color information in
a certain order (from left to right). After one line is completed, the next line is completed in a
certain order (from top to bottom) until 1080 lines have been finihsed, so one frame of image
information is completed. The image information of each frame is determined by this horizontal
and vertical scanning, and then transmitted to the ADV7511 for processing. The timing diagrams
of horizontal and vertical scanning are shown in Figures 12.3 and 12.4.
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Figure 12.3 Horizontal synchronization
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Figure 12.4 Vertical synchronization

The second step: data definition of 1080p image timing generation
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reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg
reg

wire
reg

wire

parameter LinePeriod

parameter Hde_start
parameter Hde_end

parameter Vde_start
parameter Vde_end

[12:0]
[10:0]
[23:0]
[23:0]
[23:0]
[3:0]
[7:0]
[7:0]
[7:0]

[15:0]

[12:0]

= 2000;

parameter H_SyncPulse = 12;
parameter H_BackPorch = 40;
parameter H_ActivePix =1920;
parameter H_FrontPorch= 28;

=52;
=1972;

parameter V_SyncPulse =4;
parameter V_BackPorch = 18;
parameter V_ActivePix = 1080;
parameter V_FrontPorch=3;

=22;
=1102;

x_cnt;

y_cnt;
grid_data_1;
grid_data_2;
bar_data;
rgb_dis_mode;
rgb_r_reg;
rgh_g_reg;
rgb_b_reg;
hsync_r;
vsync_r;
hsync_de;
vsync_de;
keyl_counter;

locked;
rst;
bar_interval;

assign bar_interval = H_ActivePix[15: 3];

Horizontal line scan parameter setting 1920*1080@60 Hz  clock 130 MHz

//Line period

//Line sync pulse (Sync a)

//Display back edge (Back porch b)
// Display timing (Display interval c)
//Display front edge (Front porch d)

Vertical scan parameter setting 1920*1080@60Hz
parameter FramePeriod = 1105;

//Frame period

//Vertical sync pulse (Sync o)
//Display trailing edge (Back porch p)
//Display timing (Display interval q)
//Display front edge (Front porch r)

//pushu button

//Color strip width

The third step: generate display content

begin

if (rst)

always @ (posedge rgh_clk)
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hsync_r <=1'bl;

else if (x_cnt == LinePeriod)
hsync_r <=1'b0;

else if (x_cnt == H_SyncPulse)
hsync_r<=1'b1;

if (rst)
hsync_de <=1'b0;

else if (x_cnt == Hde_start)
hsync_de <=1'b1;

else if (x_cnt == Hde_end)
hsync_de <= 1'b0;

end

always @ (posedge rgh_clk)
begin
if (rst)
y_cnt<=1'b1;
else if (x_cnt == LinePeriod) begin
if (y_cnt == FramePeriod)
y_cnt<=1'b1;
else
y_cnt<=y cnt+1'bl;
end
end

always @ (posedge rgh_clk)
begin
if (rst)
vsync_r <= 1'b1;
else if ((y_cnt == FramePeriod) &(x_cnt == LinePeriod))
vsync_r <= 1'b0;
else if ((y_cnt == V_SyncPulse) &(x_cnt == LinePeriod))
vsync_r <= 1'bl;
if (rst)
vsync_de <= 1'b0;
else if ((y_cnt == Vde_start) & (x_cnt == LinePeriod))
vsync_de <= 1'b1;
else if ((y_cnt == Vde_end) & (x_cnt == LinePeriod))
vsync_de <= 1'b0;
end

assign en = hsync_de & vsync_de;

always @(posedge rgb_clk)
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begin
if ((x_cnt[4]==1'b1) ~ (y_cnt[4]==1'b1))
grid_data_1 <= 24'h000000;
else
grid_data_1<= 24'hffffff;
if ((x_cnt[6] ==1'b1) A (y_cnt[6] == 1'b1))
grid_data_2 <=24'h000000;
else
grid_data_2 <=24'hffffff;
end

always @ (posedge rgb clk)

begin

if (x_cnt==Hde_start)

bar_data <= 24'hff0000; //Red strip
else if (x_cnt == Hde_start + bar_interval)

bar_data <= 24'h00ff00; //Green strip
else if (x_cnt == Hde_start + bar_interval*2)

bar_data <= 24'h0000ff; //Blue strip
else if (x_cnt == Hde_start + bar_interval*3)

bar_data <= 24'hff00ff; //Purple strip
else if (x_cnt == Hde_start + bar_interval*4)

bar_data <= 24'hffff00; //Yellow strip
else if (x_cnt == Hde_start + bar_interval*5)

bar_data <= 24'h00ffff; //Light blue strip
else if (x_cnt == Hde_start + bar_interval*6)

bar_data <= 24'hffffff; //White strip
else if (x_cnt == Hde_start + bar_interval*7)

bar_data <= 24'hff8000; //Orange strip
else if (x_cnt == Hde_start + bar_interval*8)

bar_data <= 24'h000000; //Black strip

end

always @ (posedge rgh_clk)
begin
if (rst) begin
rgb_r_reg<=0;
rgb_g reg<=0;
rgb_b_reg<=0;
end
else case (rgb_dis_mode)
4'b0000 : //Display all black
begin
rgb_r_reg<=0;
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rgb_g reg<=0;
rgb_b_reg<=0;
end
4'b0001 : //Display all white
begin
rgb_r_reg <= 8'hff;
rgb_g reg <= 8'hff;
rgb_b_reg <= 8'hff;
end
4'b0010 : //Display all red
begin
rgb_r_reg <= 8'hff;
rgb_g reg<=0;
rgb_b _reg<=0;
end
4'b0011 : //Display all green
begin
rgb_r _reg<=0;
rgb_g reg <= 8'hff;
rgb_b _reg<=0;
end
4'b0100 : //Display all blue
begin
rgb_r _reg<=0;
rgb_g reg<=0;
rgb_b_reg <= 8'hff;
end
4'pb0101 : // Display square 1
begin
rgb_r_reg <= grid_data_1[23:16];
rgb_g reg <= grid_data_1[15:8];
rgb_b_reg <= grid_data_1[7:0];
end
4'pb0110 : // Display square 2
begin
rgb_r_reg <= grid_data_2[23:16];
rgb_g reg <= grid_data_2[15:8];
rgb_b_reg <= grid_data_2[7:0];
end
4'pb0111: // Display horizontal gradient
begin
rgb_r_reg <= x_cnt[10:3];
rgb_g reg <= x_cnt[10:3];
rgb_b_reg <=x_cnt[10:3];
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end

end
4'pb1000 : // Display vertical gradient
begin
rgb_r_reg <=y_cnt[10:3];
rgh_g reg<=y_cnt[10:3];
rgb_b_reg<=y_cnt[10:3];

end
4'b1001 : // Display red horizontal gradient
begin
rgb_r_reg<=x_cnt[10:3];
rgb_g reg<=0;
rgb_b_reg<=0;
end
4'pb1010 : // Display green horizontal gradient
begin
rgb_r_reg<=0;
rgb_g reg<=x_cnt[10:3];
rgb_b _reg<=0;
end
4'pb1011 : // Display blue horizontal gradient
begin
rgb_r _reg<=0;
rgb_g reg<=0;
rgb_b_reg <=x_cnt[10:3];
end
4'pb1100 : // Display colorful strips
begin
rgb_r_reg <= bar_data[23:16];
rgb_g reg <= bar_data[15:8];
rgb_b_reg <=bar_data[7:0];
end
default : // Display all white
begin

rgb_r_reg <= 8'hff;
rgb_g reg <= 8'hff;
rgb_b_reg <= 8'hff;
end
endcase

assign rgb_hs = hsync_r;
assign rgb_vs =vsync_r;
assignrgb_r = (hsync_de & vsync_de) ? rgb_r_reg: 8'h00;
assignrgb_g = (hsync_de & vsync_de) ? rgb_g reg: 8'b00;

assignrgb_b = (hsync_de & vsync_de) ? rgb_b_reg : 8'h00;
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always @(posedge rgb_clk)
begin
if (keyl == 1'b1)
keyl counter <=0;
else if ((keyl == 1'b0) & (keyl_counter <= 16'd130000))
keyl counter <= keyl counter + 1'b1;
if (keyl_counter == 16'h129999) begin
if(rgb_dis_mode == 4'b1100)
rgb_dis_mode <= 4'b0000;
else
rgb_dis_mode <=rgb_dis_mode + 1'b1;
end
end

When the push button is pressed, a key1 signal will be input, and the content displayed on
the screen will change according to the change of @ 3 | ] R A Aanjg Yhe dBr&sponding picture
content will be displayed.

13.4 Experiment Verification

The first step: assign the pins
The pin assignment is shown in Table 12.1.

Table 12.1 HDMI experiment pin mapping table

Signal Name Network Name FPGA Pin Port Description
inclk_p SYSCLK_P AC13 Input clock
inclk_n SYSCLK_N AD13 (differential)

200MHz
rst GPIO_SW_2 F4 Reset button
keyl GPIO_SW_1 G4 Mode switching
button
scl [IC_SCL_MAIN_LS w14 IIC clock bus
sda IIC_SDA_MAIN_LS w17 IIC data bus
rgb_clk HDMI_R_CLK AD19 HDMI image clock
en HDMI_R_DE AE25 HDMI image enable
signal
rgb_hs HDMI_R_HS AA22 Horizontal sync signal
rgb_vs HDMI_R_VS AE18 Vertical sync signal
rgb_b[0] HDMI_R_DO AD18
rgb_b[1] HDMI_R_D1 AC18
rgb_b[2] HDMI_R_D2 AE26
rgb_b[3] HDMI_R_D3 AC21 Image blue output
rgb_b[4] HDMI_R_D4 AE23
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rgb_b[5] HDMI_R_D5 AC22

rgb_b[6] HDMI_R_D6 AD25

rgb_b[7] HDMI_R_D7 AF19

rgb_g[0] HDMI_R_D8 AF24

rgb_g[1] HDMI_R_D9 AD26

rgb_g[2] HDMI_R_D10 AF20

rgb_g[3] HDMI_R_D11 AD23 Image green output
rgb_g[4] HDMI_R_D12 AE20

rgb_g[5] HDMI_R_D13 AA23

rgb_g[6] HDMI_R_D14 AC19

rgb_g[7] HDMI_R_D15 AF25

rgb_r[0] HDMI_R_D16 AB19

rgb_r[1] HDMI_R_D17 AB24

rgb_r[2] HDMI_R_D18 AA19

rgh_r[3] HDMI_R_D19 AB21 Image red output
rgb_r[4] HDMI_R_D20 AB20

rgb_r[5] HDMI_R_D21 AA24

rgb_r[6] HDMI_R_D22 W19

rgb_r[7] HDMI_R_D23 AB22

The second step: run the implementation, generate bitstream files, and verify the board

Download the generated programmable bitstream file to the Zynq_7030 development

board. Press the switch button and the display content changes accordingly. The phenomenon is

shown in the following figure. (List only a few)

Figure 12.5 HDMI display (all white)
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Figure 12.6 HDMI display (square)

Figure 12.7 HDMI display (color strip)
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Experiment 13 Ethernet

13.1 Experiment Objective

1 Understand what Ethernet and how it works

2 Familiar with the relationship between different interface types (Mll, GMII, RGMII) and
their advantages and disadvantages (here uses RGMII)

3 Combine the development board to complete the transmission and reception of data
and verify it

13.2 Experiment Implement

Perform a loopback test to check if the hardware is working properly.
Perform data receiving verification
Perform data transmission verification

13.3 Experiment
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Ethernet is a baseband LAN technology. Ethernet communication is a communication
method that uses coaxial cable as a network media and uses carrier multi-access and collision
detection mechanisms. The data transmission rate reaches 1 Gbit/s, which can satisfy the need
for data transfer of non-persistent networks. As an interconnected interface, the Ethernet
interface is very widely used. There are many types of Gigabit Ethernet Mll interfaces, and GMI|I
and RGMII are commonly used.

MiIl interface has a total of 16 lines. See Figure 13. 1.

T¥_ER
TX_EN
T¥_CLE
T¥D[3:0]
R¥_FR

RX_DV PHY SIDE
EXD[3:0]
R¥_CLE
CRS
COL

h

MAC SIDE

& &

Figure 13.1 Mll interface
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RXD(Receive Data)[3:0]: data reception signal, a total of 4 signal lines;

TX_ER(Transmit Error): send data error prompt signal, synchronized to ¢ - ) /ativ%é high,
indicating that the data transmitted during the valid period of ¢ - Wi9invalid. For 10Mbps rate,
¢ - Ydbew not work;

RX_ER(Receive Error): receive data error prompt signal, synchronized tow - / afti%e high,
indicating that the data transmitted during the valid period of w - @ i9invalid. For 10 Mbps rate,
w - &bas not work;

TX_EN(Transmit Enable): send enable signal, only the data transmitted during the valid
period of ¢ - Y i9Walid

RX_DV(Reveive Data Valid): receive data valid signal, the action type is ¢ - ) & the
transmission channel;

TX_CLK: transmit reference clock, the clock frequency is 25 MHz at 100 Mbps, and the clock
frequency is 2.5 MHz at 10 Mbps. Note that the direction of ¢ - /cl¢cRyis from the PHY side to
the MAC side, so this clock is provided by the PHY;

RX_CLK: receive data reference clock, the clock frequency is 25 MHz at 100 Mbps, and the
clock frequency is 2.5 MHz at 10 Mbps. w - /is plsé provided by the PHY side;

CRS: carrier Sense, carrier detect signal, does not need to be synchronized to the reference
clock. As long as there is data transmission, /  wi§ valid. In addition, / wi§ effective only if PHY is
in half-duplex mode;

COL: collision detection signal, does not need to be synchronized to the reference clock, is
valid only if PHY is in half-duplex mode.

GMll interface is shown in Figure 13. 2.

T¥ FR
T%_EN
GT% LK
TEDLT:0]
R¥%_ER

RE_DV
& = PHY SIDE
MACSIDE RXD[T:0]
RX_CLE
CRS

COL

¥

¥

F

Figure 13.2 GMI Interface

Compared with the Mll interface, the data width of the GMII is changed from 4 bits to 8 bits.
The control signals in the GMIl interface suchas ¢ - U@ w U, %b Y X w P,3 Wy fnd/ h [
function are the same as those in the Mll interface. The frequencies of transmitting reference
clock D ¢ - Y dnd the receiving reference clock w ) / dreYoth 125 MHz (1000 Mbps / 8 = 125
MHz).

There is one point that needs special explanation here, that is, the transmitting reference
clock D ¢ - ib diffé¥rent from the ¢ - fin[th¥ Ml interface. The ¢ - /in[th¥ Ml interface is
provided by the PHY chip to the MAC chip, and the D ¢ - ih theYGMII interface is provided to
the PHY chip by the MAC chip. The directions are different.
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In practical applications, most GMII interfaces are compatible with Mll interfaces. Therefore,
the general GMII interface has two transmitting reference clocks: ¢ - QY /ar[d® ¢ - Qkhp Y
directions of the two are different, as mentioned above). When used as the Mlimode, ¢ - Y/ [ Y
and 4 of the 8 data lines are used.

See Figure 13.3 for RGMI!I interface.

TE EN
T¥D[3:0]
B¥ DV
MAC SIDE | RXD[3:0] PHY SIDE
R¥_CLK
TX CLE

A

Figure 13.3 RGMII interface

RGMII, or reduced GMII, is a simplified version of GMII, which reduces the number of
interface signal lines from 24 to 14 (COL/CRS port status indication signals are not shown here),
the clock frequency is still 125 MHz, and the TX/RX data width is changed from 8 to 4 bits. To
keep the transmission rate of 1000 Mbps unchanged, the RGMII interface samples data on both
the rising and falling edges of the clock. ¢ - [%:0]/w - [5:0] in the GMII interface is transmitted on
the rising edge of the reference clock, and ¢ - [B:4]/w - [B:4] in the GMII interface is transmitted
on the falling edge of the reference clock. RGMlI is also compatible with both 100 Mbps and 10
Mbps rates, with reference clock rates of 25 MHz and 2.5 MHz, respectively.

The ¢ - Y 9@ghal line transmits ¢ - P &d¢ - YiBfawmation, ¢ - P i9 thkansmitted on the
risingedge of ¢ - ) /ahd¥ - Qi9tminsmitted on the falling edge. Similarly, w - ) Shdw - P 9 w
are transmitted on the w - ) Sghal line, andw - ) B ttansmitted on the rising edgeofw - @/ [ Y
andw - Y i9twnsmitted on the falling edge.

M ®o PIHNR G NB 5SaArdy
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Figure 13.4 Schematics of 88E1512

A 88E1512 chip is used on the experimental board to form a Gigabit Ethernet module. The
schematics is shown in Figure 13.4. The PHY chip is connected to the FPGA by receiving and
transmitting two sets of signals. The receiving group signal prefixist [ @t |, andithe
transmitting group signal prefixist [ @t |, whick are respectively composed of a control
signal / ¢, & clock signal / Yand four data signals 3-0.t [ Wt | , gndtif O dtnl |, apg 95 ™
respectively connected to the yellow signal light and the green signal light of the network port. At
the same time, the FPGA can configure the PHY chip through the clock lineb t | | ( anB the
datalinebt I , ga5Lh

M1 o @R ANI Y LYUNRRAzOUA2Y
1 Configure IP address
Before verification (the default PC NIC is a Gigabit NIC, otherwise it needs to be replaced).

PC IP address needs to be confirmed first. In the DOS command window, type A LJO 2my fF A 3
command to check it. Example is shown in Figure 13. 5.
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config -all
Windows IP Configuration

. yvonne

5.

Subnet M

Default
IAID . . . .
lient DUID.

fece:0:0:.ffFf
NetBIOS over Tcpip. . . . . . . . : Enabled

Figure 13.5 PC end IP information
To facilitate subsequent experiments, PC is provided a fixed IP address. Take this experiment
as an example, IP configurationisM H @ M C (W dib® mavised, but needs to be consistent to
the IP address of target sending module, for Internet Protocol reason, IP addressm¢c P - is- ®- -
not suggested). Find Internet Protocol Version 4(TCP/IPv4)inb SG 62 NJ] | YR .feKI NAy 3 OSy
Fig 13. 6.

Internet Protecol Version 4 (TCP/IPv4) Properties *
General

‘You can get IP settings assigned automatically if your network supparts
this capability, Otherwise, you need to ask your network administrator
for the appropriate IP settings.

(O) Obtain an IP address automatically
(@) Use the following IP address:

IF address: 192 . 168 . 0 . 100
Subnet mask: 255,255 .255. 0

Obtain DNS server address automatically

(@) Use the following DNS server addresses:

Preferred DNS server: I:I
Alternate DNS server: l:l

[ validate settings upon exit Advanced. ..

Cancel

Figure 13.6 Configure PC end IP address
Since there is no ARP protocol content (binding IP address and MAC address of the develop
board) in this experiment, it needs to be bound manually through the DOS command window.
Here, the IPissettomM (b H ® M anyd theMBEaddress issetton m o m WC# fi(can be
replaced) as shown in Figure 13. 7, the method is as follows: (Note: Run the DOS command
window as an administrator)
Run the command:! wti M pH ®vm yodunw@ & nn n
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View binding results: ! w tk

| Select Administrator: Command Prompt

Figure 13.7 Address binding method 1

If a failure occurs while running the ARP command, another way is available, as shown in
Figure 13.8:
1) Enterthey S & K ik cothmaiddKoiéw the number of the local connection, such
as the "23" of the computer used this time.

2) Entery SUGOKEFARR Yy SA I KO 2 NiEm guHod vocyyrdiophaEl & n n

3) Enter| Niktdo view the binding result

1588 connected

Figure 13.8 Address binding method 2

Next, the DOS command window is also used for connectivity detection, as shown in Figure
13.9.t A Viszn executable command that comes with the Windows family. Use it to check if the
network can be connected. It can help analyze and determine network faults. Application format:
Ping IP address (not host computer IP).
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| CAWINDOWS\system32\cmd.exe - ping 169.254.145.177 -t

2 Loopback test

b me <]

Figure 13.9 Send data

The first step: program introduction

The loopback test only needs to output the input data directly. Refer the project file

"loopback". In the project, two IP cores, IDDR and ODDR, are used to complete the receiving and

transmitting functions.

module loopback(
input
input
input
input [3:0]
output
output
output [3:0]
);

wire
wire
wire
wire [7:0]

wire

clk_wiz_0 clk_wiz_0_inst(
.clk_inl
.reset
.locked
.clk_outl
.clk_out2

ddio_in ddio_in_inst (
.data_in_from_pins
.data_in_to_device

.clk_in

rst,
rxc,
rxdv,
rxd,
txc,
txen,
txd

pll_locked;

rx_clk;

clk_125m, clk_125m_90;
e_rxd;

rxdvl, rxdv2;

(rx_clk),

(1'b0),
(pll_locked),
(clk_125m),
(clk_125m_90)

({rxdv, rxd}),
({rxdv2, e_rxd[7:4], rxdv1, e_rxd[3:01}),

(rxc),
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.clk_out (rx_clk),
.io_reset (1'b0)

ddio_out ddio_out_inst

(
.data_out_from_device ({rxdv2, e rxd[7:4], rxdvl, e_rxd[3:0]}),

.data_out_to_pins ({txen, txd}),
.clk_in (clk_125m_90),
.clk_out (txc),
.io_reset (1'b0)

);

endmodule

Because it is the RGMII interface, the data is bilateral along 4-bit data. Therefore, when
data processing is performed inside the FPGA, it needs to be converted into 8-bit data. Go to
Lyadltt SR L.t DA § ROIKDIBA] 20y555 LatdW[L®5 5 L h.ph ! ¢
implement it, IP core (R R A Pidjealled, and after internal data processing, IP core is passed
(RRA 2)¢D%drhx1§rt 8-bit data into bilateral edge 4-bit data transfer. It should be noted
that, considering the enable signal and data signal synchronization, the enable signal is
entered to R R foronversion at the same time. The specific settings are shown in Figure
13. 10 and Figure 13. 11.
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¢/ Re-customize IP X
SelectlO Interface Wizard (5.1) '

© Documentation IP Location (¥ Switch to Defaults

Show disabled ports Component Mame ddio_in

Data Bus Setup  Clock Setup | Data And Clock Delay | Summary

Interface Template = Custom “
Data Bus Direction  Input w
Data Rate DDR s

Serialization Factor | 4

External Data Width D [1-18]

IO Signaling

data_in_from_pins[4:0] I and
clk_ou

clk_in . .
- data_in_to_device[2:0]

i0_reset Type | Single-ended  + | Standard LVCMOS18 £

Input DDR Data Alignment

Opposite Edge Same Edge (e Same Edge Piplelined

Output DDR Data Alignment

‘ OK | ‘ Cancel ‘

Figure 13.10 ddio_in setting
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¢ Re-customize IP x

SelectlO Interface Wizard (5.1) '
© Documentation IP Location (¥ Switch to Defaults
Show disabled ports Component Name  ddio_in
Data Bus Setup Clock Setup Data And Clock Delay Summary
Interface Template = Custom ~
Data Bus Direction | Input ~
Data Rate DDR ~

Serialization Factor 4

Bxternal Data Widih [1-18]
j data_in_from_pins[4:0] — #
clk_ou

clk_in 110 Signali
A data_in_to_cevice[9:0] ignaling
i0_reset

Type  Single-ended -+ | Standard LVCMOS18 w

Input DDR Data Alignment

Opposite Edge Same Edge (e Same Edge Fiplelined

Output DDR Data Alignment

~

o< | [oom ]
Figure 13.11 ddio_out setting
The secons step: assign pins, run implementation, verify the board
See Table 13.1 for the pin assignment.
Table 13.1 Ethernet experiment pin mapping table
Signal Name Network Name FPGA Pin Port Description
rst GPIO_SW_2 F4 Reset
rxc PL_PHY_RX_CLK Ja Receive clock
rxdv PL_PHY_RX_CTRL L3 Receive enable clock
rxd[0] PL_PHY_RXD[0] K3
rxd[1] PL_PHY_RXD[1] K1 Receive data (4-bit
rxd([2] PL_PHY_RXD[2] H2 bilateral)
rxd(3] PL_PHY_RXD[3] G1
txc PL_PHY_TX_CLK N3 Transmit clock
txen PL_PHY_TX_CTRL K5 Transmit enable clock
txd[0] PL_PHY_TXD[O] M2
txd[1] PL_PHY_TXD[1] L2 Transmit data (4-bit
txd[2] PL_PHY_TXD[2] L4 bilateral)
txd[3] PL_PHY_TXD[3] L5

As shown in Figure 13.12, after setting the correct address and data type, the detection
information (f 2 @ S) is 8t thtdugh the host computer. The data packet is captured by
Wireshark, as shown in Figure 13.13. The data is correctly transmitted back to the PC.
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3

Seftings
(1] Protocal

UDP
12] Local host addr
169.254.157.8

13] Local host port
5080

‘@ Disconnect

Recv Options
I” Receive to file
¥ Auto linefeed
I~ Show timestamp
™ Receive as hex
™ Pause receive

Save. .. Clear

Send Options
" Data from file
I~ Auto checksum
™ Auto clear input
™ Send as hex

I~ Send cyclic
Interval |10 ms
Load. .. Clear

1# Pull-down memu. ..

TCP/UDP Net/Assistant

Data Receive

IBAVAGE V416

Remote:  |192.168.0.2:8080

| Clean

love you!

Send

Send: 45 Reow:0

Figure 13.12 Host computer transmits the test data

Reset

A

‘ll @ RRE Res==FT 2T Eaqaf
|(NAoply a display filter __ <Crl-/>
Nao. Time Source Destination Protocol  Length Info
1 @.000000 169.254.157.8 192.168.8.2 uoP 51 8080 - 8080 Len=9

Data (9 bytes)

Frame 1: 51 bytes on wire (408 bits), 51 bytes captured (408 bits) on interface @

Ethernet II, Src: Micro-St 19:a9:d@ (80:d8:61:19:a9:de), Dst: Xilinx @1:fe:c (B0:0a:35:01:fe:co)
Internet Protocol Version 4, Src: 169.254.157.8, Dst: 192.168.8.2

User Datagram Protocol, Src Port: 8088, Dst Port: 8080

6008 @0 @a 35 01 fe co 60 dS
@8 25 63 d1 /@ 60 30 11
@0 02 1f 98 1f 90 @@ 11
6f 75 21

61 19 a3 do 88 89 45 88 -5 a E
@2 22 a3 fe 9d @8 @ as
87 d4 6c 6f 76 65 28 79

ou!

love y

Figure 13.13 PC end receives data correctly

Complete Ethernet data transmission design

For complete Ethernet data transmission, it is necessary to have the receiving part of
the data and the transmitting part of the data. For the convenience of experiment, the data
transmitted by the PC is stored first in the RAM. After reading via the transmitting end, send
it to the PC. For a series of data unpacking and packaging during the process, refer to the
project file "ethernet". A brief introduction to each module follows.

1)

Data receiving module (ip_receive)

This module is to detect and identify the data frame, unpack the valid data frame,
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and store the real data in the RAM.

always @ (posedge clk) begin
if (clr) begin
rx_state <=idle;
data_receive <= 1'b0;
end
else

case (rx_state)

idle :
begin
valid_ip_P <=1'b0;
byte_counter <= 3'd0;
data_counter <= 10'd0;
mydata <= 32'd0;
state_counter <= 5'd0;
data_o_valid <=1'b0;
ram_wr_addr <=0;
if (e_rxdv == 1'b1) begin
if (datain[7:0] == 8'h55) begin //Receive the first 55//
rx_state <=six_55;
mydata <= {mydata[23:0], datain[7:0]};
end
else
rx_state <= idle;
end
end
six_55
begin //Receive 6 0x55//
if ((datain[7:0] == 8'h55) && (e_rxdv == 1'b1)) begin
if (state_counter == 5) begin
state_counter <=0;
rx_state <= spd_d5;
end
else
state_counter <= state_counter + 1'b1;
end
else
rx_state <=idle;
end
spd_d5
begin //Receive one 0xd5//
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if ((datain[7:0] == 8'hd5) && (e_rxdv == 1'b1))
rx_state <= rx_mac;

else
rx_state <=idle;

end

rx_mac
begin //Receive target MAC address and source MAC address
if (e_rxdv == 1'b1) begin
if (state_counter < 5'd11) begin
mymac <= {mymac[87:0], datain};
state_counter <= state_counter + 1'b1;
end
else begin
board_mac <= mymac[87:40];
pc_mac <= {mymac[39:0], datain};
state_counter <= 5'd0;
if ((mymac[87:72] == 16'h000a) && (mymac[71:56] == 16'h3501) &&
(mymac([55:40] == 16'hfec0)) //Determine if the target MAC Address is from the current FPGA
rx_state <= rx_IP_Protocol;
else
rx_state <=idle;
end
end
else
rx_state <=idle;

end

rx_IP_Protocol :
begin //Receive 2 bytes of IP TYPE
if (e_rxdv == 1'b1) begin
if (state_counter < 5'd1) begin
myIP_Prtcl <= {myIP_Prtcl[7:0], datain[7:0]};
state_counter <= state_counter+1'b1;
end
else begin
IP_Prtcl <= {myIP_Prtcl[7:0],datain[7:0]};
valid_ip_P <=1'b1;
state_counter <= 5'd0;
rx_state <= rx_IP_layer;
end
end
else

rx_state <=idle;
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end

rx_IP_layer

begin //Receive 20 bytes of udp virtual header, ip address
valid_ip_P <=1'b0;

if (e_rxdv == 1'b1) begin
if (state_counter < 5'd19) begin
mylP_layer <= {myIP_layer[151:0], datain[7:0]};
state_counter <= state_counter + 1'b1;
end
else begin
IP_layer <= {myIP_layer[151:0], datain[7:0]};
state_counter <=5'd0;
rx_state <= rx_UDP_layer;
end
end
else
rx_state <=idle;

end
rx_UDP_layer :
begin // Receive 8-byte UDP port number and UDP packet length
rx_total_length <= IP_layer[143:128];
pc_IP <= IP_layer[63:32];
board_IP <=IP_layer[31:0];
if (e_rxdv == 1'b1) begin
if (state_counter < 5'd7) begin
myUDP_layer <= {myUDP_layer[55:0], datain[7:0]};
state_counter <= state_counter + 1'b1;
end
else begin
UDP_layer <= {myUDP_layer[55:0], datain[7:0]};
rx_data_length <= myUDP_layer[23:8]; //length of UDP data package
state_counter <= 5'd0;
rx_state <= rx_data;
end
end
else
rx_state <=idle;
end
rx_data
begin //Receive UDP data

if (e_rxdv == 1'b1) begin
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//add ‘0’

//32-bit, add ‘0’

//add ‘0’

//RAM request

end

if (data_counter == rx_data_length-9) begin //Save last data

end

else begin

end

data_counter <=0;

rx_state <= rx_finish;

ram_wr_addr <= ram_wr_addr + 1'b1;

data_o_valid <= 1'b1; // Write RAM

if (byte_counter == 3'd3) begin
data_o <= {mydata[23:0], datain[7:0]};
byte counter <=0;
end
else if (byte_counter==3'd2) begin
data_o <= {mydata[15:0], datain[7:0],8'h00}; //Less than 32-bit,

byte_counter <=0;
end
else if (byte_counter==3'd1) begin
data_o <= {mydata[7:0], datain[7:0], 16'h0000}; //Less than

byte_counter <=0;
end
else if (byte_counter==3'd0) begin
data_o <= {datain[7:0], 24'h000000}; //Less than 32-bit,

byte_counter <=0;
end

data_counter <= data_counter + 1'b1;
if (byte_counter < 3'd3) begin
mydata <= {mydata[23:0], datain[7:01};
byte_counter <= byte_counter + 1'b1;
data_o_valid <= 1'b0;
end
else begin
data_o <= {mydata[23:0], datain[7:0]};
byte_counter <= 3'd0;
data_o_valid <= 1'b1; // Receive 4bytes of data, write

ram_wr_addr <= ram_wr_addr+1'b1;

end
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else
rx_state <=idle;
end

rx_finish :

begin
data_o_valid <= 1'b0; //added for receive test//
data_receive <= 1'b1;
rx_state <=idle;

end

default rx_state <= idle;
endcase

end

The receiving module is to perform step by step analysis on the received data.

L Rstat®: If ‘55’ is received, jump to the & A E sfafe.p

{ A E gmpeyf it continues to receive six consecutive 55s, it will jump to the & LIR ¢tdRep
otherwise it will return the A Rstat8.

{ LIR lptﬁep If ‘d5’ continues received, it proves that the complete packet preamble
“55_55 55 55 55 55 55_d5” has been received, and jumps to NE U] Yoth@wise it returns the
A RtfarSition.

NE 1] ¥tateOThis part is the judgment of the target MAC address and the source MAC
address. If it matches, jump to the NE Y L t () stdiRoth@rkds2 it will return the A Rstat® and
resend.

NE Lt NEPstatd: Octetmine the type and length of the packet and jump to the
NE @ L t sfafe. & S NI

NE @ L t stafe:lRéef/d\20 bytes of UDP virtual header and IP address, jump to
NEQ! 5t aafel @ SNJ

NE ! 5t safe:lRexei/d&byte UDP port number and UDP packet length, jump to
N.E Iyii Rtate

w E ( Rstaté: Receive UDP data, jump to NE () Fstatg A & K

W E  F staye M dakket of data is received, and jump to the A Rstat® to wait for the arrival
of the next packet of data.

2) Data sending module (ip_send)
The main content of this module is to read out the data in the RAM, package and
transmit the data with the correct packet protocol type (UDP). Before transmitting, the
data is also checked by CRC.

initial begin

tx_state <=idle;
//Define IP header
preamble[0] <= 8'h55; //7 preambles “55”, one frame start
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//character “d5”
preamble[1] <= 8'h55;
preamble[2] <= 8'h55;
preamble[3] <= 8'h55;
preamble[4] <= 8'h55;
preamble[5] <= 8'h55;
preamble[6] <= 8'h55;
preamble[7] <= 8'hD5;

mac_addr[0] <= 8'hB4; //Target MAC address “ff-ff-ff-ff-ff-ff”, full ff is
//broadcast package
mac_addr[1] <= 8'h2E; //Target MAC address “B4-2E-99-20-C4-61",

// For the PC-side address used for this experiment, change the content according to the actual
//PC in the debugging phase.

mac_addr[2] <= 8'h99;

mac_addr[3] <= 8'h20;

mac_addr[4] <= 8'hC4;

mac_addr[5] <= 8'h61;

mac_addr([6] <= 8'h00; //Source MAC address “00-0A-35-01-FE-C0”
mac_addr[7] <= 8'h0A; //Modify it according to the actual needs
mac_addr[8] <= 8'h35;

mac_addr[9] <= 8'h01;

mac_addr[10]<= 8'hFE;

mac_addr[11]<= 8'hC0;

mac_addr[12]<= 8'h08; //0800: IP package type
mac_addr[13]<= 8'h00;

i<=0;

end

This part defines the preamble of the data packet, the MAC address of the PC, the MAC
address of the development board, and the IP packet type. It should be noted that in the actual
experiment, the MAC address of the PC needs to be modified. Keep the MAC address consistent
along the project, otherwise the subsequent experiments will not receive data.

always @ (posedge clk) begin
case (tx_state)
idle :
begin
e_txen <=1'b0;

crcen <= 1'b0;
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crcre<=1;

j<=0;

dataout <=0;
ram_rd_addr<=1;

tx_data_counter <=0;

if (time_counter == 32'h04000000) begin //Wait for the delay, send a data

//package regularly
tx_state <= start;
time_counter <=0;

end
else
time_counter <= time_counter + 1'b1;
end
start:
begin //IP header
ip_header[0] <= {16'h4500, tx_total_length}; //Version: 4; IP header length: 20;

//P total length
ip_header[1][31:16] <= ip_header[1][31:16]+1'b1;  // Package serial number

ip_header[1][15:0] <= 16'h4000; //Fragment offset

ip_header[2] <= 32'h80110000; //mema[2][15:0] protocol: 17(UDP)
ip_header[3] <= 32'hc0a80002; //Source MAC address
ip_header[4] <= 32'hc0a80003; //Target MAC address
ip_header[5] <= 32'h1f901f90; // 2-byte source port number and

//2-byte target port number

ip_header[6] <= {tx_data_length, 16'h0000}; //2 bytes of data length and 2

//bytes of checksum (none)
tx_state <= make;

end
make
begin // Generate a checksum of the header
if (i == 0) begin
check_buffer <= ip_header[0][15:0] + ip_header[0][31:16] +
ip_header[1][15:0] + ip_header[1][31:16] +
ip_header[2][15:0] + ip_header[2][31:16] +
ip_header[3][15:0] + ip_header[3][31:16] +
ip_header[4][15:0] + ip_header[4][31:16];
i<=i+1'b1;
end

else if(i == 1) begin
check_buffer[15:0] <= check_buffer[31:16] + check_buffer[15:0];
i<=i+1'b1;

end
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else begin
ip_header[2][15:0] <= ~check_buffer[15:0]; //header checksum
i<=0;
tx_state <= send55;
end
end

send55
begin // Send 8 IP preambles: 7 “55”, 1 “d5”
e_txen <= 1'bl; //GMII transmitted valid data
crcre <= 1'bl; //reset crc
if(i == 7) begin
dataout[7:0] <= preamble[i][7:0];
i<=0;
tx_state <= sendmac;
end
else begin
dataout[7:0] <= preamble[i][7:0];
i<=i+1'bl;
end
end

sendmac :
begin // Send target MAC address, source MAC address and IP packet type
crcen <=1'b1; // CRC check enable, crc32 data check starts from the target MAC
crcre <= 1'b0;
if (i == 13) begin
dataout[7:0] <= mac_addrl[i][7:0];
i<=0;
tx_state <= sendheader;
end
else begin
dataout[7:0] <= mac_addrl[i][7:0];
i<=i+1'b1;
end
end

sendheader
begin // Send 7 32-bit IP headers
datain_reg <= datain; //Prepare the data to be transmitted
if(j == 6) begin
if(i == 0) begin
dataout[7:0] <= ip_header[j][31:24];
i<=i+1'b1;
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end

else if(i == 1) begin
dataout[7:0] <=
i<=i+1'b1;

end

else if(i == 2) begin
dataout[7:0] <=
i<=i+1'bl;

end

else if(i == 3) begin
dataout[7:0] <=
i<=0;

j<=0;

ip_headerl[j][23:16];

ip_header[j][15:8];

ip_headerl[j][7:0];

tx_state <= senddata;

end
end
else begin
if(i == 0) begin
dataout[7:0] <=
i<=i+1'bl;
end
else if(i == 1) begin
dataout[7:0] <=
i<=i+1'bl;
end
else if(i == 2) begin
dataout[7:0] <=
i<=i+1'bl;
end
else if(i == 3) begin
dataout[7:0] <=
i<=0;
j<=j+1'bl;
end
end
end

senddata :
begin

ip_headerl[j][31:24];

ip_headerl[j][23:16];

ip_header([j][15:8];

ip_headerl[j][7:0];

if(tx_data_counter == tx_data_length - 9) begin

tx_state <= sendcrg;
if (i ==0) begin

dataout[7:0] <= datain_reg[31:24];

i<=0;

//Transmit UDP packets
//Transmit last data
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end

end

else if (i == 1) begin
dataout[7:0] <= datain_reg[23:16];
i<=0;

end

else if (i == 2) begin
dataout[7:0] <= datain_reg[15:8];
i<=0;

end

else if (i == 3) begin
dataout[7:0] <= datain_reg[7:0];
datain_reg <= datain;
i<=0;

end

else begin

tx_data_counter <= tx_data_counter+1'b1;

if (i == 0) begin
dataout[7:0] <= datain_reg[31:24];
i<=i+1'bl;
ram_rd_addr <=ram_rd_addr + 1'b1;

//let the RAM output data in advance.

end
end

sendcrc
begin

end

else if (i == 1) begin
dataout[7:0] <= datain_reg[23:16];
i<=i+1'b1;

end

else if (i == 2) begin
dataout[7:0] <= datain_reg[15:8];
i<=i+1'b1;

end

else if (i == 3) begin
dataout[7:0] <= datain_reg[7:0];
datain_reg <= datain;

i<=0;

//Prepare the data

//Send other data package

// Add 1 to the RAM address,

//Prepare data

//Send 32-bit CRC checksum

crcen <= 1'b0;
if (i == 0) begin
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dataout[7:0] <= {~crc[24], ~crc[25], ~crc[26], ~crc[27], ~crc[28], ~crc[29], ~crc[30],
~crc[31]};

i<=i+1'bl;
end
else begin

if (i ==1) begin

dataout[7:0] <= {~crc[16], ~crc[17], ~crc[18], ~crc[19], ~crc[20], ~crc[21],
~crc[22], ~crc[23]};
i<=i+1'bl;
end
else if (i == 2) begin
dataout[7:0] <= {~crc[8], ~crc[9], ~crc[10], ~crc[11], ~crc[12], ~crc[13], ~crc[14],
~crc[15]};
i<=i+1'bl;
end
else if (i == 3) begin
dataout[7:0] <= {~crc[0], ~crc[1], ~crc[2], ~crc[3], ~crc[4], ~crc[5], ~crc[6],

~crc[71};
i<=0;
tx_state <=idle;
end
end
end
default tx_state <=idle;
endcase
end

L Rstat8: waiting for delay, sending a packet at regular intervals and jumping to the & (i ktdyeli

{ G Istéddisend the packet header and jump to the Y I {stSte.

Y | 1st3te: generates the checksum of the header and jumps to the & S Y Rqtep

{ Sy Rgys: send 8 preambles and jump to the & S Y Rs¥ate.O

& Sy R ateGend the target MAC address, source MAC address and IP packet type, and
jumptothed Sy R K &ateR S NJ

a4 Sy R K GateR& Y 32-bit IP headers and jumps tothe & Sy R Rateii |

& S i IR Etdte: send UDP packets and jump to the & S Y RtANID

& Sy Rt@dVddnds 32-bit CRC check and returns the A Rstats.

Following the above procedure, the entire packet of data is transmitted, and the A Rstat8 is
returned to wait for the transmission of the next packet of data.

3) CRC check module (crc)
The CRC32 check of an IP packet is calculated at the destination MAC Address and
until the last data of a packet. The CRC32 verilog algorithm and polynomial of Ethernet
can be generated directly at the following website:
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http://www.easics.com/webtools/crctool

4) UDP data test module (UDP)
This module only needs to instantiate the first three sub-modules together. Check
the correctness of each connection.

5) Top level module settings (ethernet)

Thet [[ 2 RRA 2 QA yanrd! B RnbdRles Brelizistantiated torthe top level
entity, and specific information is stored in advance in the RAM (Welcome To ZGZNXP
World!). When there is no data input, the FPGA always sends this information. With data
input, the received data is sent. Refer to the project files for more information.

13.4 Experiment Verification

The pin assignment of this test procedure is identical to that in loopback test.

Before programming the development board, it is necessary to note that the IP address of
the PC and the MAC address of the development board must be determined and matched,
otherwise the data will not be received.

Download the compiled project to the development board. As shown in Figure 13.14, the
FPGA is keeping sending information to the PC. The entire transmitted packet can also be seen in
Wireshark, as shown in Figure 13.15.

TCPIUDP Net/Assistant

Settings Data Receive ISAVAGE V4118
(1) Frotocol i%aReceive from 192.168.0.10 :8080iL£0
UDF Welceme to ZGZINXP World!
Welcome to ZGINXP World!
12 Local host addr Welcome to ZGINXP World!
192 169.0.10 Welcome to ZGINHP World!
Welcome to ZGINXP World!
el Welcone to ZGEWXP World!
A081 Welcone to ZGINXP World!

Welcome to ZGINXP World!

Recv Options
[~ Receivetofile...
v Auto linefeed
[~ Show timestamp
" Receive as hex

I” Pause receive

Save... Clear

Send Options
I~ Data fromfile .
™ Auto checksum
™ Auto clear input
I~ Send as hex

™ Send cyclic Remote:  |192.168.0.10:8080 j Clean
Interval |10 ms
Load. .. Clear Send

1# Ready! T Send 0 Recv: 192 Reset |

Figure 13.14 Send specific information
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M “Ethernet 2 - m} ®

File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

AN 2® RE Re=E§ LS G a &
[ JApply a display filter _<Cirl/= 0 | Expression..  +
MNo. Time Source Destination Protocol  Length Info |

11 4.831617 192.168.0.2 192.168.0.3 upp 94 3030 > 3838 Len=52

12 5.368475 192.168.8.2 192.168.8.3 upp 94 BEB@ -+ 8880 Len=52

13 5.985386 192.168.8.2 192.168.8.3 upp 94 3@8@ + 3888 Len=52

14 6.442162 192.168.0.2 192.168.0.3 upp 94 3030 > 3838 Len=52

15 6.978968 192.168.8.2 192.168.8.3 upp 94 BEB@ -+ 8880 Len=52

16 7.515823 192.168.8.2 192.168.8.3 upp 94 3@8@ + 3888 Len=52

17 8.852721 192.168.0.2 192.168.0.3 upp 94 3030 > 3838 Len=52

18 8.589595 192.168.8.2 192.168.8.3 upp 94 BEB@ -+ 8880 Len=52

19 9.126397 192.168.8.2 192.168.8.3 upp 94 3@8@ + 3888 Len=52

28 9.663244 192.168.0.2 192.168.0.3 upp 94 3030 » 3838 Len=52 24
< >

Frame 3: 94 bytes on wire (752 bits), 94 bytes captured (752 bits) on interface @
Ethernet II, Src: Xilinx @l:fe:c@ (@9:@a:35:81:Te:ic@), Dst: Micro-5t_19:a9:de (@0:d8:61:19:a9:d@)
Internet Protocol Version 4, Src: 192.168.8.2, Dst: 192.168.8.3
User Datagram Protocel, Src Port: 8888, Dst Port: 8830
“~ Data (52 bytes)
Data: 57656c636T6d6528546T205a475a42585020576F726c6421...
[Length: 52]

p-

i e Leon

Figure 13.15 Specific information package

When the PC sends data to the FPGA, as shown in Figure 13.16, the entire packet arrives at
the FPGA, and then the FPGA repackages the received data and sends it to the PC. See Figure
13.17, the network assistant also receives the transmitted data information accurately, as shown
in Figure 13.18.

M KR [Wireshark 1.12.4 (v1.12.4-0-gb4861da from master-1.12)] - o x
Fle Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

oAl BOXZ AeraTF L/ EE Q@i d#EBE O

Filter: | Expression... Clear Apply Save

Frame 7: 60 bytes on wire (4| No, Time Source Destination Protocol  Length Info ~

Ethernet IT, Src: b4:2e:99:2 1 U.UUULLLLLY 12, 108002 19Z.105.0.5 wor ¥4 BOUrce POrt: sUSU  DESTINATion port: susy

Internet Protocol version 4, 2 0.536933000 192.168.0.2 192.168.0.3 Uk 94 Source port: 8080 Destination port: 8080

User Datagram Protocol, Src 31.073744000 192.168.0.2 192.168.0.3 [IL.53 94 Source port: 8080 Destination port: 8080

= Data (18 b 41.610662000 192.168.0.2 192.168.0.3 uoP 94 Source port: 8080 Destination port: 8080

Data: 6C6T7665204650474120 5 2.147487000 192.168.0.2 192.168.0.3 uoP 94 Source port: 8080 Destination port: 8080

[Length: 18] 6 2.684312000 192.168.0.2 192.168.0.3 uoP 94 source port: 8080 Destination port: 8080

7 2.990404000 192.168.0.3 192.168.0.2 uoP 60 Source port: 8080 Destination port: 8080

8 3.221266000 192.168.0.2 192.168.0.3 upP 60 source port: 8080 Destination port: 8080

9 3.758027000 192.168.0.2 192.168.0.3 upP 60 source port: 8080 Destination port: 8080

10 4.294986000 192.168.0.2 192.168.0.3 Uk 60 Source port: 8080 Destination port: 8080

11 4.831847000 192.168.0.2 192.168.0.3 [IL.53 60 Source port: 8080 Destination port: 8080

12 5.368594000 192.168.0.2 192.168.0.3 uoP 60 Source port: 8080 Destination port: 8080

13 5.905572000 192.168.0.2 192.168.0.3 uoP 60 Source port: 8080 Destination port: 8080

14 6.442441000 192.168.0.2 192.168.0.3 uoP 60 Source port: 8080 Destination port: 8080

15 6.979215000 192.168.0.2 192.168.0.3 uoP 60 Source port: 8080 Destination port: 8080

16 7.516174000 192.168.0.2 192.168.0.3 uoP 60 source port: 8080 Destination port: 8080

0000 00 0a 35 01 fe c0 99 20 c4 61 08 00 45 00

bd 2e
40 11

0010 a0 00 00 00 00 cO a8 00 03 cO a8
0020 20 1f 90 g1 81 [FaN 2049
0030 1 20 66 6T 6 6
>
© [*f| Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) | Profile: Default

Figure 13.16 PC send data package
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M LIER [Wireshark 1.12.4 (¥1.12.4-0-gb4861da from master-1.12)] - [m} *
Fle Edit Miew Go Copture Analyze Stafistics Telephony Iools Internals Help

CedE L BENXE A+ TLIBEE Qb @B & B

Filter: | Expression.. Clear Apply Save
Frame 9: 60 bytes on wire (4 No. Time Source Destination Protocol  Length Info ~
Ethernet II, src: xilinx_01: 1 U.UUUUUUUUY 192, 105U, 2 192.105.0. 3 uop Y4 SOUPCE POPT: BUSU DESTINATION POrT: usy
Internet Protocol version 4, 2 0.536933000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 Destination port: 8080
User Datagram Protocol, Src 31.073744000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 pestination port: 8080
41.610662000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080
Data: 6C6F7665204650474120 5 2.147487000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080
[Length: 18] 6 2.684312000 192.168.0.2 192.168.0.3 uop 94 Source port: 8080 Destination port: 8080
7 2.990404000 192.168.0.3 192.168.0.2 uop 60 Source port: 8080 Destination port: 8080
€ 3.221266000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Destination port: 8080
9 3.758027000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 pestination port: 8080
10 4.294986000 192.168.0.2 192.168.0.3 upp 60 Source port: 8080 Destination port: 8080
11 4.831847000 192.168.0.2 192.168.0.3 upp 60 Source port: 8080 Destination port: 8080
12 5.368594000 192.168.0.2 192.168.0.3 uop 60 Source port: 8080 Destination port: 8080
13 5.905572000 192.168.0.2 192.168.0.3 uop 60 Source port: 8080 Destination port: 8080
14 6.442441000 192.168.0.2 192.168.0.3 uop 60 Source port: 8080 Destination port: 8080
15 6.979215000 192.168.0.2 192.168.0.3 uop 60 source port: 8080 Dpestination port: 8080
16 7.516174000 192.168.0.2 192.168.0.3 upp 60 Source port: 8080 Destination port: 8080

0000 b4 2e 99 20 c4 61 00 Oa 35 OL fe cO 08 00 45 00
0010 00 2e 05 OF 40 00 80 11 74 5a €O a8 00 02 cO a8
0020 00 03 1f 90 1f 90 00 1a 00 00 [T NENFIN
[RiEGINS0 47 41 20 66 6f 65 76 65 72 a3 all

© [ | Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) Profile: Default

Figure 13.17 The FPGA repackages the received data and sends it to the PC

TCPIUDP Net Assistant

Settings Data Receive FSAVAGE VA T#
(1) Protocol i%Receive from 192.168.0.10 :8080ic£0
UDP Welcome to ZGINEP World!
Yelcome to ZGINEP World!
(B s s ¥elcome to ZGZNEP World!

192.168.0.10 Welcome to ZGINZP Werld!

WYelcome to ZGINEF Vorld!
[l Local host part Welcome to IGZNEP World!

8081 Yelcome to ZGINEP World!

Welcome to ZGZINIP World!

Love FPGA forever!
-@®:- Disconnect
Love FFGA forever!

Love FPGA forever!

Recy Optians Love FPGA forever!
[~ Receive to file Love FPGA forever!
= Auto linefeed Love FPGA forever!

Love FPGA forever!
[~ Show timestamp

I Receive as hex

I Pause receive

Save... Clear

Send Options
[~ Data from file _.
[~ Auto checksum
I~ Auto clear input
[~ Send as hex

™ Send cyclic Remote:  |192.168.0.10 :8080 El ﬂ

Interval ~ [10 ms
Load. .. Clear Send

| T Send: 0 Recv: 318
1€ Ready! Reset ./ﬂ

Figure 13.18 Information received by PC from FPGA

It should be noted that Ethernet Il specifies the Ethernet frame data field is a minimum of 46
bytes, that is, the minimum Ethernet frame is 6+6+2+46+4=64. The 4-byte FCS is removed, so the
packet capture is 60 bytes. When the length of the data field is less than 46 bytes, the MAC
sublayer is padded after the data field to satisfy the data frame length of not less than 64 bytes.
When communicating over a UDP LAN, "Hello World" often occurs for testing, but "Hello World"
does not meet the minimum valid data (64-46) requirements. It is less than 18 bytes but the
other party is still available for receiving, because data is complemented in the MAC sublayer of
the link layer, less than 18 bytes are padded with ‘0’s. However, when the server is on the public
network and the client is on the internal network, if less than 18 bytes of data is transmitted, the
receiving end cannot receive the data. Therefore, if there is no data received, the information to
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be sent should be increased to more than 18 bytes.
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