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Part One: Introduction of FII-PRA040 Development

System

1. Design Objective of the System

The main purpose of this system design is to complete FPGA learning, development and
experiment with Intel Quartus. The main device uses the Intel Cyclone10 10CLO40YF484C8G and
is currently the latest generation of FPGA devices from Intel. The major learning and

development projects can be completed as follows:
(D Basic FPGA design training
(2) Construction and training of the SOPC (Niosll) system

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

(4) Development and application based on RISC-V

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

2. System Resource

(D Extended memory: Two Super SRAM (IS61WV25616, 256K x 16bit) are connected in
parallel to form a 32-bit data interface, and the maximum access space is up to 1M bytes.

(2) Serial flash: Spi interface serial flash (16M bytes)
(3) Serial EEPROM
(4) Gigabit Ethernet: 100/1000 Mbps

(5) USB to serial interface: USB-UART bridge

3. Human-computer Interaction Interface

1 8 DIP switches
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2> 8 push buttons, definition of 7 push buttons: MENU, UP, RETUN, LEFT, OK, RIGHT, DOWN,
1 for reset: RESET

(3) 8 LEDs

(4) 6 7-segment LED display
(5) 12C bus interface

(6) UART external interface

(7 Two JTAG programming interfaces: One is for downloading the FPGA debug interface,
and the other is the JTAG debug interface for RISC-V CPU

(8) Built-in RISC-V CPU software debugger, no external RISC-V JTAG emulator required

(9) 4 12-pin GPIO connectors, in line with PMOD interface standards

4. Software Development System

(D Quartus 18.0 and later version for FPGA development, Nios-1l SOPC

(2) Freedom Studio-Win_x86_64 software development for RISC-V CPU

5. Supporting Resources

RISC-V JTAG Debugger
Intel Altera  JTAG Download Debugger
FII-PRAO40  User Experimental Manual

Fll-PRA040 Hardware Reference Guide

6. Physical Picture

(D FII-PRAO40 system block diagram

11 / 304



(2)
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Figure 1 PRAO040 system block diagram

FII-PRA040 physical picture
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Figure 3 PRA040 physical back view
(3) Corresponding to the physical picture, the main devices on board are as follows:
1. 10CLO40YE484C8G chip

2. External 12V power interface
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8\

9\

10\

11,

12\

14,

15\

16\

17.

18\

19\

20\

21.

22.

23\

24.

25.

26\

27.

28.

29\

30.

31.

32.

GPIO interface
Thermistor (NTC-MF52)
Photoresistor
Potentiometer
Audio output (green), audio input (red)
PCIE interface
TFTCLD interface
Audio chip (WM8978)
7 push buttons
50M system clock
Video chip(ADV7511)
External JTAG download interface
HDMl interface
USB power supply and download interface
FPGA and RISC_V JTAG download chips (FT2232)
USB_UART interface
Serial chip (CP2102)
6 7-segment LED display
Ethernet interface
Ethernet PHY chip (RTL8211E-VB)
4 USB interfaces
USB mouse and keyboard control chip
8 LEDs
8-bit DIP switch
Reset button
Power button
Flash (N25Q128A, 128M bit/16M bytes)
EEPROM (AT24C02N)

Two SRAMs
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33. AD/DA conversion chip (PCF8591)
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Part Two: FII-PRA040 Main Hardware Resources Usage

and FPGA Development Experiment

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 Quartus is introduced from the elementary to the profound. The development

exercises covered in this section are as follows:

Experiment 1:
Experiment 2:
Experiment 3:
Experiment 4:
Experiment 5:
Experiment 6:
Experiment 7:

Experiment 8:

Experiment 9: use dual-ROM to read and write frame data

Experiment 10

Experiment 11:
Experiment 12:
Experiment 13:
Experiment 14:
Experiment 15:
Experiment 16:
Experiment 17:
Experiment 18:

Experiment 19:

LED shifting design
SignalTap experiment
Segment display experiment
Block/SCH experiment

button debouncing experiment

use of multiplier and ModelSim simulation

hex to BCD conversion and application

usage of ROM

: asynchronous serial port design and experiment

IIC transmission experiment
AD/DA experiment

HDMI experiment

Ethernet experiment

SRAM read and write

Audio test

0OV5640 camera experiment
ADC9226 sampling experiment

DAC9767 DDS signal source experiment

Learning exercises in the order of the experimental design, and successfully completing
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these basic experiments, we will be able to achieve the level and capabilities of the primary FPGA

engineers.
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Experiment 1 LED shifting

1.1 Experiment Objective

@D Practice to use Quartus Il to create new projects and use system resources IP Core;
(2) Proficiency in the writing of Verilog HDL programs to develop a good code writing style;
(3) Master the design of the frequency divider to implement the shifting LED;

(4) Combine hardware resources to perform FPGA pin assignment and implement actual
program downloading;

(5) Observe the experiment result and summarize it.

1.2 Experiment Implement

&N Use all LEDS, all light up during reset;
(2) End reset, LED lights from low to high (from right to left) in turn;
(3) Each LED is lit for one second;

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

1.3 Experiment

1.3.1 LED Introduction

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-PRA040 uses the
LED lights in the red circle.
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Figure 1.1 Different kinds of LEDs

1.3.2 Hardware Design

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 3.3V through 180 R resistors, and the cathodes are directly
connected and controlled by the FPGA. When the FPGA outputs a low level of 0, a current flows
through the LED, and it is turned on.

[Fer] Clﬂ ) ) Edﬂ Ei]

Figure 1.2 8-bit LED physical picture

VCC3V3 s
R1l4 ,,, 180R LED7 ” Green  LED7
W
S
R115 180R. LED6 ’l Green  LED6
o
R116 ,,,  180R LEDS N Green  LEDS
e
R117 180R LED4 N Green  LED4
o
RIS ,,,  180R LED3 N Green  LED3
A
R119 ,,, 180R LED2 N Green  LED2
W
o
R120 180R. LEDI N Green _ LEDI
e
RI21 ,,,  180R LEDO LEDO

h 4
g
g

Figure 1.3 Schematics of LED

1.3.3 Program Design
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1.3.3.1 Start Program

Before writing a program, let's briefly introduce the development environment we use and
how to create a project. Take Quartus Il 18.1 as an example. The specific project establishment

steps are shown in Figure 1.4 to 1.9.

As shown in Figure 1.4, after opening Quartus, you can directly click New Project

L
Wizard in the middle of the screen to create a new project. You can also click File to create a

new project in the toolbar, or press Ctrl+N to create a new project.
Tk Quartus Prime Standard Edition - [u] X
File Edit WView Project Assignments Processing Tools Window  Help Search al ..
- & % [~ S 45 L EEPEEY R e i
||rs Catalog -
Device Family | Cyclone 10 LP -

Ao r

Project Navigator 4% Hierarchy

~ags x|

Recent Projects
B ted_run.qpt (57
test.qpf

iy Compilation Hierarchy

Tasks Compilation

88 Find.. | |88 Find Next

~ ik installed 1P
¥ Project Directory
N Selection Available
~ Library
Basic Functions
ose
Interface Protocols

University Program
@ search for Partner 1P

Memory Interfaces and Controllers

Processors and Peripherals

<
[x]
Bl aL O A& A AT
Fi
= Message

% 00:00:00

Messages

System  Processing

Figure 1.4 The main Quartus Il interface

2 As shown in Figure 1.5, select the correct project path. The project is named LED_shifting.
It is recommended that the path is easy to find and convenient for later viewing and calling.
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O New Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?

| C:/Users/Raytine/Desktop/LED_shifting

What is the name of this project?

| LE D_shifting|

What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity name in the

design file.

| LED_shifting

Use Existing Project Settings..

Finish Cancel Help

Figure 1.5 Name and define the path of the project file

(3) As shown in Figure 1.6, you can directly add some files written in advance. Since it is a

new project, click Next to perform the next step.

h Mew Project Wizard

Add Files

Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the project.

Note: you can always add design files to the project later.

File name: |

|- Add

(o

X ‘ Add All

FileMame Type Library Design Entry/Synthesis Tool

HDL Version

Remove
up
Down

Properties

Specify the path names of any non-default libraries. |User Libraries

< Back Finish Cancel Help

(4
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Figure 1.6 Add files

(5) As shown in Figure 1.7, select the correct FPGA chip model, the onboard chip model is
10CLO40YF484C8G. Selecting Cyclone 10 LP in the Family, FBGA in the package, 484 in the

Pin count, and 8 in the Core speed grage helps narrow down the selection and quickly find
the target model.

OF New Project Wizard
Family, Device & Board Settings

Device Board

Select the family and device you want to target for compilation
You can install additional device support with the Install Devices command on the Tools menu.
To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in ‘Available devices' list

Family: | Cyclone 10 LP © Package FEGA -

Device: [All Pin count: 434 -
Target device Core speed grade: |8 -
O Auto device selected by the Fitter Name filter

® Specific device selected in ‘Available devices' list Show advanced devices

Other: nfa

Ayailable devices

Name Core Volage LEs Tortal If0s GPIOs Memory Bits Embedded multiplier 9-bit
10CLO16YF484C8G 1.2V 15408 341 516096
_-—
10CLOS5YF484C8G 1.2V 55856 322 322 2396760 31
10CLOBOYF484C8G 1.2V 81264 290 280 2810880 488
10CL120YF484C8G 1.2V 119088 278 278 3981312 576
< >

< Back Einish Cancel Help

Figure 1.7 Device selection

(6) As shown in Figure 1.8, select the EDA tool. Here use the EDA tool that comes with
Quartus.
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O New Project Wizard >
EDA Tool Settings
Specify the other EDA tools used with the Quartus Prime software to develop your project.
EDA tools:
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synth... | <None> - | <Nones
Simulation <Mone> ¥ | <Mone>
Board-Level Timing <None> =
Symbaol <Mone> -
Signal Integrity <Mone> -
Boundary Scan <Mone> ~
< Back Finish Cancel Help
Figure 1.8 Selection of EDA tool
(7 Click Next to go to the next interface and select Finish to complete the project.

(8) Click File > New or use the shortcut key Ctrl+N to pop up the dialog box shown in

Figure 1.9, create a program file (Verilog HDL File) to write code. Pay attention to the

consistency of the program name and project name, and save it in the correct path (folder).

G MNew

X

Mew Quartus Prime Project

¥ Design Files

AHDL File

Block Diagram/Schematic File

EDIF File

Qsys System File

State Machine File

SystemVerilog HDL File

Tcl Script File

Verilog HDL File

VHDL File

¥ Memory Files

Hexadecimal (Intel-Farmat) File

Memary Initialization File

¥ werification/Debugging Files

In-System Sources and Probes File

Logic Analyzer Interface File
i T ic A Fi v

Cancel

Help
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Figure 1.9 Create a new project file (LED_shifting.v)

Once the preparation is ready, start writing the program.

1.3.3.2 Program Introduction

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

module Led_shifting(
input clk,
input rst_n,
output reg [7:0] led

);

endmodule

The input signal of this experiment has 50 MHz system clock c/k and reset signal rst_n.
Output signal is led; 8 leds are defined by the multi-bit width form of led [7:0].

The second step: the call of IP Core, the establishment and use of PLL module

(D As shown in Figure 1.10, find the ALTPLL in the IP catalog option bar on the right side of
the main interface.

2 As shown in Figure 1.11, double-click ALTPLL and enter the name of the PLL module in
the pop-up dialog box. The name given here is PLL1. Note that the selection type is Verilog
language type.

(3) As shown in Figure 1.12, after completing the previous step, enter the detailed setting
interface. InclkO is the input clock of the PLL, provided by the development board, should be
consistent with the system clock, set to 50MHz; PLL feedback path is set to normal mode.
For advanced features involved, please read the reference; The output clock of the PLL

compensation is CO; after the setting is completed, click Next to proceed to the next step.
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|IP Catalog

Q X|=
v @ installed 1P ~

¥ Project Directory

No Selection Available

¥ Library

w

Basic Functions
7 Arithmetic
7 Bridges and Adaptors
¥ Clocks; PLLs and Resets
1 ALTCLKCTRL Intel FPGA IP
¥ PLL

¥ ALTPLL

r ALTPLL_RECONFIG
2 Configuration and Programming
o
7 Miscellaneous
7 0n Chip Memory

2 Simulation; Debug and Verification v

Figure 1.10 IP Catalog

@ Save IP Variation

IP variation file name:

| C:sters,l’Ray‘lir|efDesk‘toprED_shiﬂing{PLL‘I|

IP variation file type
0 vHDL

® verilog

Figure 1.11 Name PLL

~ MegaWizard Plug-In Manager [page 1 of 12]

PLL1

inclkD frequency: 50.000 Mz
lareset | operation Mode: Normal

Cycione 10 LP

Currently selected device famly: |cydone 1019 -
[ Match project/default
Able to implement the requested PLL

General
Which device speed grade will you be using?

Use military temperature range devices only

What is the frequency of the inck0 input?

Set up PLL in LVDS mode
PLL Type
Which PLL type will you be using?
Fast PLL
Operation Mode
How will the PLL outputs be generated?
(@) Use the feedback path inside the PLL
® In normal mode
() In source-synchronous compensation Mode
O In zero delay buffer mode
Connect the fomimic port (bidirectional)
O with no compensation
Create an 'foin’ input for an external feedback (External Feedback Mode)
Which output dock will be compensated for?

(@) Select the PLL type automatically

Enhanced PLL

[0+

e ] [ ] [ | [ |
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Figure 1.12 PLL settingl (input clock setting)

(4) As shown in Figure 1.13, it is the setting of PLL asynchronous reset (areset) control and
capture lock (locked) status. This experiment can be selected according to the default mode
in the figure.

“ MegaWizard Plug-In Manager [page 2 of 12] ? X

& ALTPLL

[ nputsilock | > Bandwidthys Clock switchover >

Able to implement the requested PLL
PLL1 ? “
Optional Inputs

Create an ‘pllena’ input to selectively enable the PLL

locke!
4 Create an ‘areset input to asynchronously reset the PLL
[] create an 'pfdena’ input to selectively enable the phase /frequency detector

inclk0
reset

o,

Lock Output
Create ‘locked" output
[ Enable self-reset on loss lock

Advanced Parameters
Using these parameters is recommended for advanced users only
[] create output file(s) using the ‘Advanced' PLL parameters

- Configurations with output clock(s) that use cascade counters are not supported

[[cancel ][ <Back |[hext= ][ dnsh |

Figure 1.13 PLL setting2
(5) The contents of the next three settings pages are executed by default.

(6) As shown in Figure 1.14, it is the setting of the PLL output clock. It can output 5
different clocks clk cO~clk c4. This experiment only uses one, set clk c0, other defaults are
not applicable. Set the output frequency to 100 MHz, the clock phase shift to 0, and the
clock duty cycle to 50%.
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X MegaWizard Plug-In Manager [page 6 of 12]

& AutPLL

c0 - Core/External Output Clock
PLL1 Able to implement the requested PLL
[4 use this dock
inck0 ol Clock Tap Settings
reset locks Requested Settings Actual Settings
(® Enter output dock frequency: m;
(O Enter output dock parameters:

Clock multpication factor d y ]
ot o -
s —

oo (9
Description Vak A ’
. g . Primary dock VCO frequency (MHz) 60..
Note: The displayed internal settings of the
PLLisr for use by advanced Modulus for M counter 12 v'
users only o e . 2

Per Clock Feasibiity Indicators

D o @

[Concel | [<acc | [ert> | [emen | |

Figure 1.14 PLL setting3 (output clock setting)

7 Keep the EDA setting to be default.

(8) As shown in Figure 1.15, the output file type setting selects *.bsf (used in the

subsequent design of graphic symbols) files and *.v files. Others are set by default and click
Finish to complete the settings.

“ MegaWizard Plug-In Manager [page 12 of 12]

%b ALTPLL

1 |Parameter PLL Output EDA
— e

ummary

Turn on the files you wish to generate. A gray chedkmark indicates a file that is automatically generated, and a
green checkmark indicates an optional file. Click Finish to generate the selected files. The state of each
checkbox is maintained in subsequent Megawizard Plug-In Manager sessions.

PLLA

The MegaWizard Plug-In Manager creates the selected files in the following directory:
nclkd 50,000 MHz E:\exampleYed_run\
reset
File Description
PLLLY Variation file
PLL1.ppf PinPlanner ports PPF file
Tyoion 10 LF [P tine AHDL Include file
[IpLLt.cmp VHDL companent dedaration file
[PLLLbsf Quartus Prime symbol file
[JpLL instw

Instantiation template file

[lPLL1 bb.y Verilog HOL black-box file

| Cancel H < Back || MNext > H Finish |

Figure 1.15 PLL settings 4 (Output File Type Settings)
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(9) As shown in Figure 1.16, select file in the Project Navigator type box of the project

interface (the default is the project hierarchy).

Project Navigator <

=) Files 'éﬂﬂ"

Files
led_run.v

v = PLL1gip
BB pray

Figure 1.16 PLL1.v file setting

(10)  Asshown in Figure 1.17, click PLL1.v. The main window will display the contents of the

PLL, find the module name and port list, copy it to the top level entity, and instantiate it.

Project Navigaton E Files

valge x| &

Files
abc led_run.wv
v & puigp
BB ppyqy

¢ PLL1.V B

T |2 me 0w A EE

Tasks Compilation

~ P Compile Design
P Analysis & Synthesis 49

P Fitter (Place & Route) W 51

Task ~ 45

he sole purgose of programming 1DP1C devi
Intel and sold by Intel or +its authorized
efer to the applicable agreement for furt

// synopsys translate_off
imescale 1 ps / 1 ps
// synopsys translate_on

input areset;
input inclko;
output c0;

output locked;

"ifndef ALTERA_RESERVED_QIS
// synopsys translate_off
“endif

Trin ara=zat:

Figure 1.17 PLL1.v file

When the system is powered on, the pll_locked signal has a value of 0 before the PLL is locked

(stable operation), pll_locked is pulled high after the PLL is locked, and the clock signal sys_clk is

output normally. The phase-locked loop is instantiated as follows:

PLL1 PLL1_inst

.areset
.inclk0
.cO

.locked

wire sys_clk;

wire pll_locked;

(1'b0),
(clk),
(sys_clk),

(pll_locked)
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(11>  Sys rstis used as the reset signal of the frequency division part, and ext_rst is used as

the reset signal of the part of the running LED. Under the drive of the clock sys_clk, it is
synchronously reset by the primary register.

reg sys_rst;
reg ext_rst;
always @ (posedge sys_clk)
begin
sys_rst <= Ipll_locked;
ext_rst <=rst_n;

end

The third step: the design of the frequency divider

We use the 100 MHz clock output by PLL as the system clock. The experiment requires the
blinking speed of the running light to be 1 second. The design is firstly obtained 1us by

microsecond frequency division, then dividing into milliseconds to get 1ms, and finally get 1s
clock through second frequency division.

(D 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
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us_cnt<=0;
us_f<=1'bl;
end
else
us_cnt<=us_cnt+ 1'b1;
end

end

The 100 MHz clock has a period of 10ns, and 1us requires 100 clock cycles, that is, 100
10ns. Therefore, a microsecond counter us_cnt [6:0] and a microsecond pulse signal us_f are
defined. 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 us_fis pulled high. Thus, every 1us, this module will generate a

pulse signal.
2 Millisecond frequency divider

Similarly, 1ms is equal to 1000 1us, so a millisecond counter ms_cnt [9:0] and a

microsecond pulse signal ms_f are 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 divider

Similarly, 1s is equal to 1000 1ms, so a second counter s_cnt [9:0] and one second pulse

signal s_f are defined. 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'b0;
end
else begin
s _f<=1'b0;
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
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end

The fourth step: the design of the shifting LED

When resetting, 8 LEDs are all on, so the output /ed is 8'h00. The LEDs need to blink one by
one, so the lowest LED is lit first. At this time, the /ed value is 8'b1111_1110. When the second
pulse signal arrives, the next LED is illuminated, and the value of led is 8’b1111_1101.It can be
seen that as long as the high level of "0" 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 (lext_rst)
led <= 8'h00;
else begin
if (led == 8'h00)
led <=8'b1111_1110;
else if (s_f)
led <= {led[6:0], led[7]};
end
end

1.4 Experiment Verification

1.4.1 Some Preparation Before Verification

/1

¥

ﬁ'é?@’ > & ?c»em}u
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Pin Assignment

Figure 1.18 Introduction to some functions

Compile Synthesis

Programmer

As shown in Figure 1.18, after the program is written, analysis and synthesis is required to

are not described here.

check for errors. Click the synthesis icon to complete, or use the shortcut key Ctrl+K, the pin
assignment is to bind each signal to the FPGA pin, the compilation is to generate the
programming file for the development board and check the error again. Click the programmer
icon, and follow the instructions to program the development board. Click on the synthesis icon,
Quartus will automatically generate a report, as shown in Figure 1.19. The details of the report

& Compilation Report - led_run [ |
@, <<Filters>
Flow Status Successful - Mon Apr 15 17:20:22 2019

Quartus Prime Version
Revision Mame
Top-level Entity Mame
Farmnily

Device

Timing Models

Total logic elements
Total registers

Total pins

Total virtual pins
Total memory bits
Embedded Multiplier 9-bit elements
Total PLLs

18.1.0 Build 625 09/12/2018 SJ Standard Edition

led_run

led_run

Cyclone 10 LP
T0CLOT0YET44C8G
Final

74

Figure 1.19 Compilation report

Check and modify to no error before board verification. Do the pin assignment before

actually programming the board.

Table 1.1 Pin mapping

Signal Name Network Label FPGA Pin Port Description
clk CLK_50M G21 Input clock
rst_n PB3 Y6 Reset
led[7] LED7 F2 LED 7
led[6] LED6 F1 LED 6
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led([5] LED5 G5 LED 5
led[4] LED4 H7 LED 4
led([3] LED3 H6 LED 3
led[2] LED2 H5 LED 2
led[1] LED1 16 LED 1
led[0] LEDO J5 LED O

Click the pin assignment icon to open the pin assignment window, as shown in Figure 1.20.

Double-click the location column corresponding to each pin, directly enter the pin number, or

click the drop-down button to find the corresponding pin, but the latter is relatively slow. It

should be noted that the I/O standard column in Figure 1.21, the content shown is the voltage

standard of each I/O port, determined by the BANK voltage in the schematics and the design

requirements. In this experiment, the 1/0 voltage should be selected as 3.3V. Double-click the 1/0
standard column and click the pull-down button, as shown in Figure 1.22, select the right voltage

standard. The default voltage standard can be set in advance when selecting the chip model. Click
Device and Pin Options -> Voltage -> Default 1/0 standard in Figure 1.7 to set it.

The pin assignment is complete, as shown in Figure 1.22. Then click on the compilation. After

completion, program the development board.

A% Pin Planner - Ey/kdb_shiyan/1.LED shifting/Led shifting - Led_shifting
File Edit View Processing Tools Window Help
g [Report nLE = = = Pin Legend
x Report not available (‘)OOOOVAOOAOA‘ODvﬁDOOOOOV&OOAV/_\AOOOOOv . symbal Pin Type &
a 8 o @] User I/
W X e [ ] Userassigned |
but '2 i 3 [ ] Fitter assigned |
. 8 Top View 8 [] Unbonded pad
. . - Reserved
g Wire Bond, with Exposed Pad g . sservetpn
e ¥ 8 =1 ||(©@  otherconfigura..
e - 8 N (&) DEV_OE
EVH . -
I%I . g . (&) DEV_CLR
! ‘/\ ; ol DIFF_n
® : g -
= : g. ® DIFF_p
=
s - T
iz | Groups | Report | O - CLK_n
£ z E 8 - CLK_p
1 |Tasks e = ‘B 6. C
= Cyclone 10 LP o L) Other PLL
- ¥ Early Fin Planning 0 e . o
- 5] otherdual purp..
] W Early Pin Planning... . M MSELO
L% P Run1/O Assignment Analysi =l= TOCLOOG6YE144C8G ¢ - MSELT
73 B Export Pin Assignments. 8 8 i MeEL2
io :
W pin Finder s} 8 & CONF_DONE
'! v Highlight Pins @ 9] ;
ABCAVOOOARAVEOCO0OOAVOTOAAVVADDOODDO =/ ncE
B2 10 Banks v .= t o a  rmmceoouEun@emnn
- : ® NCONFIG
< > 4
* | Named * ~ <] Edit: Filter: Pins: all -
a
Q Node Name Direction Location I/O Bank VREF Group 1/Q Standard Reserved Current Strength Slew Rate Differential Pair  strict A
Bl Input 3.3-V L efauly 2ma (defauls)
W led7] Output 3.3-V L.efaul) 2mA (defauly) 2 (default)
% led[s] output 3.3-V L efaul) 2maA (defauly) 2 (default)
% led[s] output 33-VL efauly 2maA (defauly) 2 (default)
% led4] output 33-VL efauly 2maA (defauly) 2 (default)
% led[3] output 33-VL efauly 2maA (defauly) 2 (default)
% led[2] output 3.3-VL efauly 2mA (defaul) 2 (default)
% led[1] output 3.3-VL efauly 2mA (defaul) 2 (default)
% led[0] output 3.3-VL efaul) 2mA [defauly) 2 (default)
- rst Input 3.3-V L efault) 2mA (default)
« | <<new nodes>
=
S
I|< >
0%  00:00:00

Figure 1.20 Pin assignment window

34 / 304



1/O Standard

Reserved

3.3-V LVCMO5

1.5-V HSTL Class Il
18V

1.8-V HSTL Class |
1.8-V HSTL Class Il
25V

3.0-V LVCMOS
3.0-VLVTTL
3.0-V PCI

3.0-V PCI-X

3.3-V LVCMOS5

Figure 1.21 1/0O voltage selection
* [Named* ~|«» Edit Filter: Pins: all <
i Node Name Direction Location 1/O Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength Slew Rate Differential Pair
B clc Input PIN_91 6 B6_ND PIN_91 3.3-V LVCMOS 2mA (default)
e led[7] Output FIN_77 5 E5_NO FIN_77 3.3-V LVCMOS 2mA (default) 2 (default)
T led[6] Output PIN_76 5 B5_NO PIN_76 3.3-V LVCMOS 2mA (default) 2 (default)
W led[s] Output PIN_75 5 B5_NO PIN_75 3.3-V LVCMOS 2mA (default) 2 (default)
e ledf4] Output PIN_74 5 BS_ND PIN_74 3.3-V LVCMOS 2ma (default) 2 (default)
‘s led[3] Output PIN_87 5 B5_NO FIN_87 3.3-V LVCMOS 2mA (default]) 2 (default)
T led[2] Output PIN_86 5 B5_NO PIN_86 3.3-V LVCMOS 2mA (default) 2 (default)
W led[1] Output PIN_83 5 B5_NO PIN_83 3.3-V LVCMOS 2mA (default) 2 (default)
s ledfo] Output PIN_80 5 BS_ND PIN_80 3.3-V LVCMOS 2ma (default) 2 (default)
B st Input PIN_10 1 B1_NO FIN_10 3.3-VLVCMOS 2mA (default)
a | <<new node>>
s
Z|¢ >

1.4.2 Program the Board

Figure 1.22 Pin assignment overview

0% 00:00:00

Before programming the board, some settings should be made for the Quartus. For details,

please refer to the “Intel FPGA Download Cable Il User Guide” for reference. After the settings

according to the instructions, click programmer icon to open the download window, as shown in

Figure 1.23.
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Eile Edit View Processing Tools

Window  Help

A Programmer - E/kdb_shiyan/1.LED_shifting/Led_shifting - Led_shifting - [Led_shifting.cdf]

- m} x

Search altera.com .

a Hardware Setup...| (No Hardware

[[] Enable real-time ISP to allow background programming when available

W start

File

Device

il Stop
M auto Detect
¥ Delete
™ Add File...
P Change File:
@ Save File
!" Add Device...
1 up

1% pown

output_files/Led_shifti.. 10CLODEYE144

Checksum Usercode

0DOSCBFC 0009CBFC

Program/  Verify
Configure

Blank-
Check

Examine Security  Erase ISP
Bit CLAMP

Fanre e e -

TODI E
—— b
B

TDO

e eyl

T0CLODGYET44

Figure 1.23 Programmer window

After connecting the development board to the host computer, click on Hardware Setup and

select development board, as shown in Figure 1.24.

4 Hardware Setup

Hardware Settings

JTAG Settings

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware:

MEFTDI-Elaster v1.8b (54) [MBUSE-0]

T |

Available hardware items

Hardware

MBFTDI-Elaster v1.8b (64

Server

Local

Port
MBLISE-O

| Add Hardware... |

Remowve Hardware

Close

Figure 1.24 Hardwrae setup
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Click Start to start the download, as shown in Figure 1.25, Progress shows 100% (Successful),
that is, the download is completed.

% Programmer - Efkdb_shiyan/1.LED_shifting/Led_shifting - Led shifting - [Led_shifting.cd] - O X

File Edit View Processing Tools Window Help .
aﬂardwaresatup MBFTDI-Blaster v1.8b (64) [MBUSB-0] Mode: | JTAG 4 Progress:

[ Enable real-time ISP to allow background programming when available

Figure 1.25 Program successfully

See Figure 1.26, the LEDs is lit from low to high and the interval is one second.

ISCV JTAG

“
<
o
&
(o

Figure 1.26 Experiment result
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Experiment 2 SignalTap

2.1 Experiment Objective

@D Continue to practice the use of the development board hardware;
(2) Practice the use of SignalTap Logic Analyzer in Quartus;

(3) Learn to analyze the captured signals.

2.2 Experiment Implement

(D Use switches to control the LED light on and off

(2) Capture and analyze the switching signals on the development board through the use
of SignalTap.

2.3 Experiment

2.3.1 Introduction of DIP Switches and SignalTap

» Introduction of switches

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
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(2) Introduction of SignalTap

SignalTap uses embedded logic analyzers to send signal data to SignalTap for real-time
analysis of internal node signals and 1/O pins when the system is operating normally.

2.3.2 Hardware Design

The schematics of the switch is shown in Figure 2.2. Port 2 of the 8 switches is connected to
VCC, and port 3 is connected to the FPGA. Therefore, when the switch is toggled to port 3, the
switch is turned on and input to the FPGA a high level signal.

BANK3 VCC

S1R

SWo0 3 R16 22 GPIO DIP SW0
IR
S512F44
SW1
R I
Lo
SS12F44
sW2 g RIO . 21 GPIO DIP SW2

2

SS12F44

Ri7

3 R18 22 GPIO DIP SW1

SW3 3 R20 22 GPIQ DIP SW3

3 R21 22 GPIO DIP SW4

SS12F44

SWS 3 R22 22 GPIO DIP SW3

]
1.
oe—
SS1F44
SW6 3 R23 22 GPIO DIP SWé
1 . Ll

e 8
SS12F44

SW7 3 R24 22 GPIO DIP SW7

: W
1.
SS12F44

R25 R26 R27 R28 R29 R30 £R31 R32
47K 47K 47K 47K 47K 4. 7K 4. TK 17K

3N

Figure 2.2 Schematics of the switches

2.3.3 Program Design

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

module SW_LED(

input inclk,
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input [7:0] sw,
output reg [7:0] led
);

endmodule

The experimental input signals have a system clock cl/k with frequency of 50 MHz, an high

effective 8-bit switch sw, and an output 8-bit led.

The second step: realize the switch control LED

wire Sys_rst;
always @ (posedge inclk)
begin
if (sys_rst)
led <= 8'hff; // All turned off
else
led <= ~sw; // Determined by the state of the switch
end

When the reset signal is valid, all 8 LEDs are off. After the reset is completed, the LED light is

turned on and off by the switch.

2.4 Use and Verification of SignalTap Logic Analyzer

The first step: pin assignment
Pin assignments are shown in Table 2.1. Compile when pin assignment

Table 2.1 Pin Mapping

is finished.

Signal Name Network Label FPGA Pin Port Description
clk C10_50M G21 Input clock
SW(7] PB7 W6 Switch 7
SWI6] PB6 Y8 Switch 6
SWI5] PB5 w8 Switch 5
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SwW(4] PB4 V9 Switch 4
SW(3] PB3 V10 Switch 3
SwW(2] PB2 u10 Switch 2
SW[1] PB1 V11 Switch 1
SW[0] PBO ul1 Switch 0
led[7] LED7 F2 LED 7
led[6] LED6 F1 LED 6
led[5] LED5 G5 LED 5
led[4] LED4 H7 LED 4
led([3] LED3 H6 LED 3
led[2] LED2 H5 LED 2
led[1] LED1 16 LED 1
led[0] LEDO J5 LED O

Step 2: SignalTap Il startup and basic settings

&)
(2
(3)
)]
(5)

Menu Tools -> SignalTap Il logic Analyzer,

In Figure 2.3, set the data under Signal Configuration

Set the JTAG configuration and click on Setup to set the downloader.

Set the device type by clicking Scan Chain

Set up SOF Manager: set as *.SOF that is just compiled and generated before

Clock and storage depth settings are shown in Figure 2.4.

Click the position shown in Figure 2.4 to add the clock. As shown in Figure 2.5, in the Clock

Settings dialog box: Filter select SignalTap: pre-synthesis -> List, select the desired clock signal,

select cO in PLL1: PLL1_INST, move to the box on the right.

read the reference)

Other settings can be set as shown in Figure 2.2. (for advanced use of SignalTap Il, please
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“ Signal Tap Logic Analyzer - Ex/kdb_shiyan/SW_LED/SW_LED - SW_LED - [stp.stp]*

- o x
Eile Edit View Project Processing Tools Window Help Search altera.com ]
BEDC o>
Instance Manager. B [ED) [Ready to acaquire X | JTAG Chain Configuration: | JTAG ready | x
Instance Status Enabled  LEs: 564 Memory: 8192 Small: 0/0 Medium: 1/46  Large: 0/0 P ‘MB”DF%W“ 8 (64) [MBUSE-0] ,‘ ‘ Setup. ‘
auto_signaltap 0 Not running, 564 cells 8192 bits 0 blocks 1 blocks 0blocks
Device: ‘@1. 10CLO0E(Y|Z)/10CLOT0(Y|Z)/... (0x02( " ‘Scanchain ‘
SOF Manager o 5W_LED/output_files/SW_LED.sof D
trigger: 2010/05/08 17.06:33 #1 Lock mode: | 7" Allow all changes - signal Configuration: x
Node Data Enable | Trigger Enable | Trigger Conditions | ‘l ~
Type| Alias Name 8 8 1 BasicOR ¥ iy inctk =
. sw{7.0] =] %] (0R) Data
swl7] =i %] s i
v = = % Double click to Sampledepth: 1K~ | RAM type: |Auto -
= = add nodes
swis] & & a [ Segmented: |2 512 sample segmenis N
- sw[4] ] ] a
(3] = = 7 Nodes Allocated: @ Auto O Manual 8 -
swi2] 5 5 i Pipeline Factor |u ~ ‘
sw[1] M % s
sw[o] = = v Storage qualifier:
Type: ‘ ZZ Continuous © ‘
v
< >

7 oata Fsewp

[ pata Log:

Hierarchy Display: x

* sw_LED auto_signaltap_0

auto_signaltap_0

Figure 2.3 SignalTap setting interface

100%  00:00:40

Signal Configuration:

Clock:

Data

A
"y
Sample demh.(\‘L bl %M type: | Auto b
[] segmented: 2 512 sample segments T
Nodes Allocated: (@) Auto () Manual: 0 =
Pipeline Factor. |0 -
Storage gualifier
v

Figure 2.4 Clock signal and the sample depth
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=& Node Finder X
Named: |" V‘ List
Options
Filter: SignalTap li: pre-synthesis ~ | Customize...
Look in: ‘|SW7LED| V‘ Include subentities Hierarchy view
Matching Nodes: | e Nodes Found:
Name Assignments ~ | Name Assignments
B inclk PIN_B11
‘s led[0]~reg0 Unassigned
‘e led[1]~reg0 Unassigned
‘e led[2]~rego Unassigned
‘e led[3]~rego Unassigned
‘s led[4]~reg0 Unassigned
‘e led[5]~rego Unassigned -
e led[6]~rego Unassigned o
‘s led[7]~reg0 Unassigned
‘e sys_rst Unassigned =
v PLLT:PLL1_INST e
S areset Unassigned
%@ inclko Unassigned
‘@ locked Unassigned
altplla...omponent
& led Unassigned
i, .
= SwW Unassigned @ Ie| < >
OK Cancel

Figure 2.5 Clock signal selection dialogue

Step 3: Add observation signal

= Node Finder X
Mamed: |* V| | List |
Options
Filter: | Pins: all ¥ | |Customize...
Look in: ||5W_LED| ~ - Include subentities Hierarchy view
Matching Nodes: & &= Nodes Found:
- » -
MName Assignments 1 Mame Assignments
SwW_LED # sw Unassigned
B inclk PIN_91
>
q# led Unassigned
b
<
<<
< >| I« >
Insert Close

Figure 2.6 Adding interface for the observe signals

As shown in Figure 2.3, double-click the blank to add the observation signal. Adding
interface is shown in Figure 2.6. Select the signal you want to observe on the left side, add it to
the right side, click Insert. Save it and recompile.
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Step 4: Settings of observe signals

For the signal to be observed, whether it is a rising edge trigger, a falling edge trigger, or not care,

etc., need to be manually adjusted, as shown in Figure 2.7.

trigger: 2019/05/08 170633 #1

Lock mode:

 Allow zll changes

-

T I O

Node | Data Enable | Trigger Enable | Trigger Conditions |
Type Allas| Name k] k] |1|Z Basic OR - |
2| |Eswfz.0 RRRRRRRRb (OR)
PR . /
| | swiel i
@ | | swls] S
*' swil4] v
al | sw(3] va
*‘ sw(2] ra
a2l | sw(1] i
*‘ sw(0] i
P Data B setwp

Hierarchy Display:

Step 5: Observe the results

x

O pata Log: |F¥

Figure 2.7 Trigger signal setting

AND [ OR
AND

OR

MNAND
NOR
XOR
XNOR
TRUE
FALSE

Compare...

Don't Care
Low

Falling Edge
Rising Edge
High

Either Edge

Insert Value...

As shown in Figure 2.7, click Run Analysis to observe the output of SignalTap.

log Trig @ 2015/05/08 17:24:32 (0:0:3.7 elapsed)

Type

Aias |

3

= sw[7.0]
sw{7]
swig]
swis]
swf4]
sw{3]
swi2]
swl1]
swl0]

Name

192 25

5 320 3ga

448 512

6 640

794 788 832

10h

Figure 2.8 Test result

After the switch sw[4] is turned on, its signal is high, and the corresponding LED will be lit.

Modify the Trigger condition, test the output results under different Trigger conditions, analyze

and summarize.

The experimental phenomenon is shown in Figure 2.9. When the switches sw5 and sw1 are on,

the corresponding LED5 and LED1 are illuminated, and the other LEDs remain off.
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Figure 2.9 Experiment result
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Experiment 3 Segment Display

3.1 Experiment Objective

@D Review experiment 1, proficient in PLL configuration, frequency division design, and
project verification;

2) Learn the BCD code counter;
(3) Digital display decoding design;

(4) Learn to program the project into the serial FLASH of the development board;

3.2 Experiment Implement

(D The segment display has two lower digits to display seconds, the middle two digits to
display minutes, and the highest two digits to display hours.

(2) The decimal point remains off and will not be considered for the time being.

3.3 Experiment

3.3.1 Introduction to the Segment Display

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

in Figure 3.1, and its structure is shown in Figure 3.2.
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Figure 3.1 Segment display physical picture
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Figure 3.2 Single segment display structure

Common anode segment displays 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 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 LEDs

Table 3.1 8-segment display truth table

Signal Segment | DP

RlRr|Rr|R|[RL|O
o|lo|lo|rRr|RLR|RLR|O

OlrRr|kRr|R|O|R |
R|lRr|O|R|[O|R, M
| Oo|lo|l—r|O|—|0O
O|lO|Rr|O(O|FRL|O

o|lo|lo|o|o|r|®
Rr|lOoO|lO|Rr|O|R|>

rlw|nv| ko
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m|m|Olo|lm|(>|o|w|N|o|un
RlRr|lRrIRR[(R[R[R|R|R|R
ojlo|o|mr|OjlO|O|O||O|O
o|lo|lr|o|o|lo|o|o|r|Oo|O
o|lo|lo|o|jo|lo|r|o|lr|O|r
m|lo|lo|lo|jo|r|o|lo|r|O|O
Rk |lO|lRr|Oo|lO|lOo|lo|o|o|O
R|lRr|lOlRr|kr|lOo|lO|O|O|R|K
oOlOoO|Rr|ORr|O|lO|jO|O|O|O

There are two ways to display the segment display, 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 1/0O resources.

Dynamic display: Parallel the segment selection lines of all segment display, 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 segment display appears to be continuously lit
at a certain frequency. The advantage is to save | / O resources, the disadvantage is that the
driver is more complicated, the brightness is not static display high.

In this experiment, the digital tube was driven by dynamic scanning.

3.3.2 Hardware Design

The schematics of the segment display is shown in Figure 3.4. The anode is connected to
VCC through the P-channel field effect transistor. Therefore, when the bit selection signal
SEG_3V3_D[0:5] is low level O, the FET is turned on, the anode of the segment display is high
level; the cathode (segment selection signal) SEG_PA, SEG_PB, SEG_PC, SEG_PD, SEG_PE, SEG_PF,
SEG_PG, SEG_DPZ are directly connected 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

3.3.3 Program Design

3.3.3.1 Introduction of the Program

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

module BCD_counter (
input clk,
input rst_n,
output [7:0] seven_seg,
output [5:0] scan

);

endmodule

The input signal has a clock and a reset signal, and the output signals are a segment

selection signal seven_seg and a new signal scan.
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Step 2: System Control Module

//Instantiate PLL

PLL PLL_inst
(
.areset (1'b0),
.inclk0 (clk),
.c0 (sys_clk),
.locked (locked)
);
//Reset signal

always @ (posedge sys_clk)
begin
sys_rst <= llocked;
ext_rst <=rst_n;

end

In the first sub-module (system control module), the input clock is the system 50 MHz clock,
and a 100MHz is output through the phase-locked loop as the working clock of the other sub-
modules. The phase-locked loop lock signal is inverted as the system reset signal. The button is
reset to be used as an external hardware reset signal.

The third step: the frequency division module

Referring 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 driver module
&D) Counting section

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.

50 / 304



(2) Segment display dynamic scanning part

reg [3:0] count_sel;
reg [2:0] scan_state;
always @ (posedge clk)
begin
if (rst_n) begin
scan <=6'b111_111;
count_sel <=4'd0;
scan_state <=0;
end
else case (scan_state)
0
begin
scan <=6'b111_110;
count_sel<= counta;
if (ms_f)
scan_state <=1;
end
1
begin
scan <=6'b111_101;
count_sel<= countb;
if (ms_f)
scan_state <=2;

end

begin

scan <=6'b111_011;
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count_sel<= countg;
if (ms_f)
scan_state <= 3;
end
3
begin
scan <=6'b110_111;
count_sel<= countd;
if (ms_f)
scan_state <=4;
end
4
begin
scan <=6'b101_111;
count_sel<= counte;
if (ms_f)
scan_state <=5;
end
5
begin
scan <=6'b011_111;
count_sel<= countf;
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
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segment display require six states. The state machine scan_state[2:0] is defined, and the
corresponding content count_sel is displayed 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 zeroth segment display is lit, and the ones digit of the second is displayed;
In the 1 state, the first segment display 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;

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;

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

Part 5: segment display segment code section

always @ (*)
begin

case (count_sel)

0o seven_seg r <=7'b100_0000;
1 seven_seg r<=7'b111_1001;
2 seven_seg r<=7'p010_0100;
3 seven_seg r <=7'b011_0000;
4 seven_seg r <=7'b001_1001;
5 seven_seg r<=7'b001_0010;
6 seven_seg_r <= 7'b000_0010;
7 seven_seg r<=7'b111_1000;
8 seven_seg r <= 7'b000_0000;
9 seven_seg_r <=7'b001_0000;

default : seven_seg_r <=7'b100_0000;
endcase

end
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Referring to Table 3.1, the characters to be displayed are associated with the segment code,

the decimal point is set high, and then the final segment selection signal output is composed in a

spliced form.

3.4 Flash Application and Experimental Verification

The first step: pin assignment

Pin assignments are shown in Table 3.2.

Table 3.2 Segment display pin mapping

Signal Name Network Label FPGA Pin Port Description
clk CLK_50M G21 Input clock
rst_n PB3 Y6 reset
scan[0] SEG_3V3_DO F14 Bit selection 0
scan[1] SEG_3V3 D1 D19 Bit selection 1
scan[2] SEG_3V3 D2 E15 Bit selection 2
scan[3] SEG_3V3 D2 E13 Bit selection 3
scan[4] SEG_3V3 D4 F11 Bit selection 4
scan[5] SEG_3V3_D5 E12 Bit selection 5
seven_seg(0] SEG_PA B15 Segment a
seven_seg(1] SEG_PB E14 Segment b
seven_seg(2] SEG_PC D15 Segment c
seven_seg(3] SEG_PD C15 Segment d
seven_seg(4] SEG_PE F13 Segment e
seven_seg(5] SEG_PF E11 Segment f
seven_seg(6] SEG_PG B16 Segment g
seven_seg(7] SEG_DP Al6 Segment h

The second step: compilation

The third step: solidify the program to Flash

Onboard Flash (N25Q128A) is a serial Flash chip that can store 128 Mbit of content, which is

more than enough for the engineering process in the learning process. The schematics of the Flash

is shown in Figure 3.7.
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Figure 3.7 Schematics of FLASH

The function of Flash is to save the program on the development board. After the power is off,
the program will not disappear. The next time the development board is powered on, it can be
used directly. It is more practical in the actual learning life. Driven by the SPI_CLK clock, the FPGA
Flash is programmed through the SPI_ASDO line. After power-on, the FPGA re-reads the program
to the FPGA through SP1_XDATA for testing.

The specific configuration process of Flash is as follows:
@D Menu File -> Convert programming files, as shown in Figure 3.8;
(2) Option settings
1) Select JTAG Indirect configuration File(*.Jic)
2) Configuration Device: EPCQ 128A (Compatible with development board N25Q128A)

3) Mode: Active serial
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¥ Convert Programming File - E:/kdb._shiyan/BCD_counter/BCD_counter - BCD_counter - O x

Eile Tools Window

Specify the input files to convert and the type of programming file to generate
You can also import input file information from other files and save the conversion setup information created here for
future use

Conversion setup files

Open Conversion Setup Data. Save Conversion Setup.
Output programming file
Programming file type: ITAG Indirect Configuration File (jic) <
Options/Boot info. Configuration device: EPCQ128A ¥ | Mode: Active Serial <
File name: output_files/output filejic
Advanced. Remote/Local update difference file NONE -

Create Memory Map File (Generate output_filemap)
Create CvP files [Generate output,_file periph.jic and output_file.core.rbf)

[ Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data

Flash Loader P —
SOF Data Page 0 <auto>
Add File..
Remove

up

Down

Properties

Generate Close Help

Figure 3.8 *.jic file setting

(3 Click the Advanced button and set it as shown in Figure 3.9.

Ji§ Advanced Options X

Disable EPCS/EPCQ ID check

Disable AS mode CONF_DOMNE error check

Program length count adjustment: |0 ‘
Post-chain bitstream pad bytes: ||:|Efault ‘
Post-device bitstreamn pad bytes: ||:|Efault ‘
Bitslice padding value: 1

Q5PI Flash single 10 mode dummy clock: Unchangeable
QSPI Flash quad 10 mode dummy clock:  Unchangeable

Cancel

Figure 3.9 Advanced option setting

(4) Add a conversion file, as shown in Figure 3.10.
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Input files to convert

Add Hex Data
Add Sof Page
Add File
Remove
up
Down

Properties

Help

=

File/Data area Properties Start Address
Flash Loader
v SOF Data Page 0 <auto>
BCD_counter.sof 10CLOTOVE144 Wi ~ w
Look in: Er\kdb,_shiyan\BCD_counterjoutput files [ I ] =
™ 1y Computer| | [ BCD_countersof
2 Raytine
File name: ‘BCD_counter sof Open
Files of type: | SRAM Obiject Files (*.sof) v | cancel
Figure 3.10 Add conversion file
(5) Add a device, as shown in Figure 3.11.
R
W co 4 BCD_counter/prj/BCD_counter - BCD_counte: — O X
A Select Devices % jﬁ
Conversion setup files Device family Device name ~
Open Conversion Setup D APEX20K [ 1ocLoosy A1 1 New }
Arria 10 [ 10cLo06z
Output programming file Arria GX [ 1ocLotor jn it
Programming file type JTAG Indirect € Aria 1l GX L reciorez Export ]
¥ Amiall 6Z [ 1ocLonsy
Options/Boot info. Configuration device: Amia v [ 1ocLotez Edit ]
I: AmiaV GZ 10cLozsY
File name: output_files/BCD_counter, ma o Remove J
Cyclone [ 1ocLozsz
Advanced. Remote/Local update diffes ¥ cyclone10LP M 1ocLosov Uncheck All
Cyels " 10CLO40Z
Create Memory Map Fil ycane o
Cyclone it [ 1ocLossy
Create CvP files (General CycloneliLs 1 1ocLossz
[] Create config data RPD Cyclone IV E [ 1ocLosor
Cyclone IV GX [ 1ocLosoz
Input files to convert Cyclone v [ rocL1zov
I — [ ansisans hd
File/Data area Prope ]
Flash Loader Gl ==l
v SOF Data Page 0 <autos
BCD_counter sof 10CLO40VF484 il B
Remove
Up
Down
Properties
Generate Close Help .

Figure 3.11 Add devices

(6)
@)

to program the development board

The fourth step: power up verification

Click Generate to generate the BCD_counter.jic file

Consistent with previous program verification operations, select the correct file (*.jic)

As shown in Figure 3.12, after repowered on, the FPGA automatically reads the program in

Flash into the FPGA and runs it.
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Figure 3.12 Experiment result
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Experiment 4 Block/SCH

4.1 Experiment Objective

@D Review building new FPGA projects in Quartus, device selection, PLL creation, PLL
frequency setting, Verilog's tree hierarchy design, and the use of SignalTap I

(2) Master the design method of graphics from top to bottom
(3) Combined with the BCD_counter project to achieve the display of the digital clock

(4) Observe the experimental results

4.2 Experiment Implement

Use schematics design to build the project.

4.3 Experiment

This experiment is mainly to master another design method. The other design contents are
basically the same as the experiment 3 and will not be introduced in detail. The modular design
method is introduced below.

(D New project: File -> New Project Wizard...
Project name: block_counter
Select device (10CLO40YF484C8G)

2 Create new file; File -> New, select Block Diagram/Schematic File. See Figure 4.1.

59 / 304



O New

New Quartus Prime Project

v Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File

1 SystemVerilog HDL File
Tcl Seript File
Verilog HDL File
VHDL File

v Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

Vv Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program VWF

~ Other Files
AHDL Include File

B Block Symbol File

Chain Description File

Cancel

Help

Figure 4.1 New file

(3)
Block/SCH design.

1) Save the file as block_counter.bdf

See Figure 4.2, the middle part is the graphic design area, which can be used for

2) Double-click the blank space in the graphic design area to add a symbol

O Quartus Prime Lite Edition - D:/FPGA_learning_prject/FI-PRA040/block_design_debouncing/block_deboucing - black_deboucing — [m] *
File Edit View Project Assignments Processing Tools Window Help 5]
Or rC block_deboucing M - FPFES SADR S
Project Navigator  Hierarchy vlage x 'T block_deboucingbdf B ||P Catalog B x
o ERe¥ACR-O1TTNN = H= e x|=
i Cyclone 10 LP: 10CLOA0YF4B4C8G v @ Installed 1P
* block_deboucing B V' Project Directory
A No Selection Available
- Double-click to v Library N
T Basic Functions :
design the oep
< > S AN T Interface Protocols
symbol '
Tasks Compilation v =35 x Memory Interfaces and Controllers L
~ Processors and Peripherals
Task . :
University Program
~ P Compile Design @ search for Partner IP
P> Analysis & Synthesis
P> Fitter (Place & Route) v )
% 5 @ + Add..
a|al O A& 4 A <Filter>> @8 Find.. &8 Find Next
i)
=|Tvbe ID Messaae
S
oo
a
i System  Processing
322,334 0% 00:00:00

Figure 4.2 Graph design interface

(4) Graphic editing
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Double-click on the graphic design area to select the appropriate library and device in the

libraries

5
L

| Symbol

Libraries:

W

<

& buffer (ad

& logic

& other

& pin
£ bidir
input
£ output

Name:

|inpuﬂ

[l Repeat-insert mode

Insert

symbol as block

Cancel

(5)
(6)

Add input, output, and modify their names

Ad

1) Create a new block/sch file and save it as PLL_sys.bdf

d a custom symbol

Figure 4.3 Input symbol

2) Add PLLIP, refer to experiment 1

3) Select the generated file to include the PLL1.bsf file

4) Double-click in the blank area of the PLL_sys.bdf file to select the PLL1 symbol just
generated and add it to the file, as shown in Figure 4.4.

% Symbol

Libraries:
v & Project
£ pli1
T pli_sys_rst
T us_divf
v & cfintelfpga_lite/18.0/qu
& megafunctions

& others
L4 >

Name:
|pl 1
O Repeat-insert mode

[ insert symbol as block

inclik{

aresat

00::

locked | - |

PLL"
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Figure 4.4 Invoke the symbols generated in the IP catalog in the graphical editing interface

5) Continue to add other symbols, input, output, dff, GND, etc. and connect them, as shown

in Figure 4.5.

BLL

inclk g {nekC | ko frecuency: 50.000 M c0 . OUTRIL [ sys clk
areset Operation Mode: Norm locked

GND! . . - . . . .
: p PR [ OUTRUL > sys st

ins Tyelone 10 L Inste P
. Il]Sl‘ . . .

Figure 4.5 Connect the device
(7 Recreate the newly created file symbol for graphic editing to use in subsequent design

1) File -> Create/Update -> Create Symbol file for Current File. See Figure 4.6.

2) Generate PLL_sys.bsf

(S Quartus Prime Lite Edition - D-/FPGA_learning_prject/Fll  design_ block_design_ - block_design_

File Edit View Project Assignments Processing Tools Window Help
New.. CurieN ‘ , ' E 2 3

biock_sesign debouncne - G S Q D> % 5. QO &Y

Open. ctso = ‘%' ‘
Close Cutera ’ e @ Veriiogt.v *

A Newprojectwizad 2 RQA¥WAD=-0O07TT7INANN

K Open Project. cutes
Save Project
Close Project
Save As

@ SaveAll CurieShiftss

File Properties...

Create / Update - Create HDL Design File from Current File...
Export.. Create Symbol Files for Current File
Convert Programming Files. Create AHOL Include Files for Current File

Create Verilog instantiation Template Files for Current File

it Page Setup..
Create VHDL Component Declaration Files for Current File
& Print Preview
* print Cutep EIkC
pset
Recent Projects
bl AlueFé Create/Update IPS File.
Create Board-Level Boundary-Scan File.
Tasks Compilation . Is'
Task

clk0 frequency: 50,00
Operation Mode:

Figure 4.6 Creating a symbol file for the current file (symbol file *.bsf)

(8) Create a frequency division module

1) Create a new verilog file div_us for the frequency divider (Refer project files for the

code)

2) The PLL output clock is used as its own input clock, and the 100 MHz clock is divided

into 1 MHz clocks.

3) Repeat (7) to create div_us.bsf

4) Create a new 1000 frequency division verilog file: div_1000f.v
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5) Create div_1000f.bsf symbol

(9) Create the output pulse us, ms, second module, as shown in Figure 4.7. Refer the
specific implementation to the reference code and the frequency division design of the

experiment 1 and 3

1) Create a new block/sch file block_div and add the designed graphic symbol file to
block_div.bdf

2) Repeat (7) to create the block_div.bsf symbol

Figure 4.7 us, ms, second pulse of block/sch design

(100>  Create a new verilog file bed_counter.v, design the hour and minute counter, and create
the bsf symbol. Refer to previous experiments and implement part of the frequency division
using block_div in (9).

(11)  Combine each *.bsf and complete the design of the digital clock (block_counter.bdf), as
shown in Figure 4.8.

*: block_div

inclk  sys_clk . - sys clk us f [

sys_rst sys_rst ms_f

L VBED counter

I_;‘A.LTEJ_T_:) seven sealt 0]

rst_n seven_seg[7..0]

sys clk scan[5..0]
sys_rst PP I_:Z.LLE.H_D scan[5..0]

sF ] e

Figure 4.8 Digital clock for BDF design
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4.4 Experiment Verification

Pin assignment, compilation, and program verification are consistent with Experiment 3.

For reference, see Experiment 3, which is skipped here.

64 / 304



Experiment 5 Button Debounce

5.1 Experiment Objective

@D Review the design process of the shifting LED
(2) Learn button debounce principle and adaptive programming
(3) Study the connection and use of the Fii-PRA040 button hardware circuit

(4) Comprehensive application button debounce and other conforming programming

5.2 Experiment Implement

(D 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 lit LED moves to the left, presses the right
button, and the lit LED moves to the right.

5.3 Experiment

5.3.1 Introduction to Button and Debounce Principle

» Introduction to button

The on-board button are common push buttons, which are valid when pressed, and
automatically pops up when released. A total of eight, respectively, PB1 (MENU), PB2 (UP), PB3
(RETURN), PB4 (LEFT), PB5 (OK), PB6 (RIGHT), PB7 (DOWN) and a hardware reset button (RESET).
As shown in Figure 5.1.
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N VENU =2 I RETURN
C . Lo "
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Figure 5.1 Button physical picture

2) 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 Fig 5. 2.

The length of the button's stable closing time is determined by the operator. It usually
takes more than 100m:s. If pressing 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

Vee
Vo
ik Switch Not Switch Pressed Switch Not
v Pressed Presed
Button «
Switch
Vo GND) &

Fig 5. 2 Button bounce principle

In most of cases, software or programs are used 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
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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.

5.3.2 Hardware Design

The schematics is shown in Figure 5.3. One side of the button (P1, P2) is connected to GND,
and the other side (P3, P4) is connected to the FPGA. At the same time, VCC is connected through
a 10 kohm resistor. In the normal state, the button is left floating, thus the potential of the button
P3is 1, so the input value of the button to the FPGA is 1; when the button is pressed, the buttons
are turned on both sides, and the potential of the button P3 is 0, so the input value of the button

to the FPGA is 0. The onboard switch is active low.

RI00 fRIOL IRI02 LR103 RIg4 [RIos lRlos
10K £10E FIoK FI0E $10K $10K $10K

R108 22 KEY2

R1l1 32 KEYS

R112 22 KEYS

R113 23 KEY?

Figure 5.3 Schematics of the buttons

5.3.3 Program Design
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5.3.3.1 Top Level Design

See Figure 5. 4.

PLL_sys . block_div

indk  sys_clk indk  wus f [ :

s sys_rst T rst ms_f A
s f
Sk R RER TR g = o

L pbve

sys_clk keyout

sys rst

R i ms_f
L left [ — "“’E“J,:T - keyin

. inst2

pb_ve

sys_clk keyout

sys_rst

PR [ I I ms_f
; right | — keyin

inst3

e . B i -
: — RPNV IV IV LLed_shift\ng - E
— rst_n Ied[7..0] T

sys_clk

key_left

key _right

st

insts,

Figure 5.4 Top level design

5.3.3.2 Introduction to the program

Refer to the previous experiments for the frequency division module and the LED display
module. Here, a new part of the button debounce module is introduced. 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 Fig 5. 5.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.

module pb_ve (
input sys_clk,

input sys_rst,
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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
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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
2
begin
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
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end
default ;
endcase
end
assign keyout = keyout_r;

endmodule

delay_count=0+

key=1'b0% +

delay_count= delay_count+1+

delay_count>=10ms ¥ +

\

key=1'b0% +

Figure 5.5 Button debounce flow chart

5.4 Experiment Verification

The first step: pin assignment

Table 5.1 Pin mapping

Signal Name Network Label FPGA Pin Port Description
left PB44 AB4 Left shift signal
right PB6 AA4 Right shift signal
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clk CLK_50M G21 Input clock
rst_n PB3 Y6 Reset
led[7] LED7 F2 LED 7
led[6] LED6 F1 LED 6
led[5] LEDS G5 LED 5
led[4] LED4 H7 LED 4
led[3] LED3 H6 LED 3
led[2] LED2 H5 LED 2
led[1] LED1 J6 LED 1
led[0] LEDO J5 LEDO

The second step: program the development board

After the pin assignment is completed, the compilation is performed, and the programmer is
verified after passing. The experimental phenomenon is shown in Figures below.

All LEDs are lit after successfully programmed. See Figure 5.6.

Figure 5.6 Experiment result (reset)

When the right shift button is pressed, the highest LED lights up. See Figure 5.7.
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Figure 5.7 Experiment result (one right shift)

Press the right shift button again and the LED will move one bit to the right. See Figure 5.8.

s
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3=
E
3=
=
oy

Figure 5.8 Experiment result (another right shift)
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Experiment 6 Use of Multipliers and ModelSim

6.1 Experiment Objective

@D Learn to use multiplier

(2) Use ModelSim simulation to design output

6.2 Experiment Implement

(D 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 ModelSim

(3) Observe the calculation results with a four-digit segment display

6.3 Experiment

Since the simulation tools and the new IP core are used, there is no introduction or design
part of hardware.

6.3.1 Introduction of Program

ModelSim is an HDL language simulation software. Programs can be simulated to achieve
inspection and error correction. ModelSim experiment, different from the previous experiment,
when building the project, the simulation tool to be used needs to be added in the EDA tool
selection window. See Figure 6.1.

74 / 304



b New Project Wizard X

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software to develop your project.

EDA tools:

Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/S... <None> ¥ | <None> Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera ~ Verilog HDL ~[J run gate-level simulation automatically after compilation
Board-Level Timing <None> <

Symbol <None> e

Signal Integrity <None> <

Boundary Scan <None> e

< Back Finish Cancel Help

Figure 6.1 EDA tool setting

Only one counter, one PLL and one multiplier are used in the program. Only the multiplier is
introduced here.

The first step: the establishment of the main program framework

module mult_sim (

input inclk,
input rst,

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

output reg [7:0] count

The value of the switch is used as the first input of the multiplier, the value of the counter is
the second input, and the result of the calculation is output.

Step 2: the multiplier IP core setting steps are as follows:

(D After adding the LPM_MULT IP (IP Catalog -> Library -> Basic Functions -> Arithmetic
-> LPM_MULT) and saving the path, the setting window of the multiplier is popped up, as
shown in Figure 6.2, and the two input data is set to eight bits as required.
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“ MegaWizard Plug-In Manager [page 1 of 9]

:éj LPM_MULT

About

Pipelining

Currently selected device family:  cydone 10LP -

Match project/default

nsigned
multiplication

Multiplier configuration

(®) Multiply ‘dataa’ input by 'datab’ input
() Multiply ‘dataa’ input by itself {squaring operation)

How wide should the 'dataa’ input be? bits
How wide should the 'datab’ input be? bits
How should the width of the 'result’ output be determined?

® Automatically calculate the width
() Restrict the widthto | 15 bits

Resource Usage

1dsp_Sbit [ cancel || <Back |[ mext> |[ inish |

Figure 6.2 mult setting 1

(2) Select the multiplication type to be Unsigned. See Figure 6.3.
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(3)
D)

*x MegaWizard Plug-In Manager [page 2 of 5]

'Zp LPM_MULT

Parameter
Setti

Documentation

General Fipelining

Ipm_muit8x8 Datab Input
lock

Does the 'datab’ input bus have a constant value?

@ Mo

() Yes,the value is

Multiplication Type

Which type of multiplication do you want?
@ unsigned

() signed

Implementation

Which multiplier implementation should be used?

(@ Use the default implementation

() use the dedicated multiplier circuitry (Mot available for all families)

() use logic elements

Resource Usage
1 dsp_9bit

‘ Cancel ‘ | < Back | [ Next > | | Finish |

Figure 6.3 mult setting 2

Select the pipeline to speed up the operation, as shown in Figure 6.4.

Select others to be default

77 / 304



‘ “ MegaWizard Plug-In Manager [page 3 of 5]

"2 LPM_MULT

Parameter

Settings

General

Ipm_mult8x8 Pipelining
ock

Do you want to pipeline the function?
O No
@ Yes, Twant output latency of clock cycles

[ create an 'acr' asynchronous clear port
[ ] create a 'clken’ clock enable dock
Optimization
What type of optimization do you want?
@ Default
) speed
() Area
1 dsp_9bit | Cancel ‘ | < Back | ‘ Next > | | Finish |

Figure 6.4 mult setting 3

8x8 multiplier instantiation:

reg sys_clk;

mult_8x8 mult_8x8_inst (

.clock (sys_clk),
.dataa (sw),
.datab (count),
.result (mult_res)

);

6.4 Use of ModelSim and the Experiment Verification

Here, use ModelSim to simulate verifying the experiment.
Method 1: Simulation based on waveform input

&D) Click the menu bar Tools -> Options, as shown in Figure 6.5, click OK.
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(O Options X

Category:
~ General
EDA Tool Options Specify the directory that contains the tool executable for each third-party EDA tool:
Fonts
Headers & Footers Setting EDA Tool Directory Containing Tool Executable
¥ Internet Connectivity Precision Synthesis | [
Notifications -
Libraries synplity | |-
~ 1P settings Synplify Pro [ |-
IP Catalog Search Local | | aiive-HDL | |
Design Templates
License Setup Riviera-PRO | |
Preferred Text Editor Modelsim [ [-
Processing 5
N N Questasim | |
Tooltip Settings
~ Messages ModelSim-Altera [caintetrpca_iite\18.0\modelsim_ase\win32aloem -
Colors
Fonts
Vv TextEditor
Colors
Fonts
Autocomplete Text

[ use NativeLink with a Synplify/Synplify Pro node-locked license

< > oK Cancel Help

Figure 6.5 Set Modelsim-Altera path

(2) Tool -> Run Simulation Tool -> RTL Simulation. See Figure 6.6.

RTER EDITION 105 a
Add Wive Tooh Liyout Bookmas Window Help

AEE|[ozEan

#2x A4 factes
e 2| 1 viveme

[ [y -

Figure 6.6 ModelSim interface

(3) Set ModelSim
1) Simulate -> Start Simulation

2) Inthe popup window, add libraries under Libraries tag. See Figure 6.7.
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3)

4)

M Start Simulation x

Design ] VHDL ] Verilog ] Libraries ] SDF ] Others ]

EiE
Search Libraries (1)
IC:/intelFPGA_lite/18.0/modelsim_ase/altera/verilog/220model Add...
IC:/intelFPGA_lite/l8.0/modelsim ase/altera/verilog/altera
IC:/intelFPGA lite/18.0/modelsim ase/altera/verilog/altera mf Modify...
Delete
Search Libraries First (Lf)

d.

Modify

1

Delete

Figure 6.7 Add simulation libraries

Under Design tag, choose simulation project mult_sim and click OK. See Figure 6.8.

™ Start Simulation > ¢
Design | VHDL | Veriog | Libraries | SOF | Others | PR
¥|Name [Type [Path 2
=4} work Library rt_work
{1] Ipm_muit8x8 Module D:/FPGA_learning_priect/FII-PRA040/mult_sim/lpm_mult8x8.v
|- mult_sim Module  D:/FPGA_learning_priect/FII-PRAO40/mult_sim/mult_sim.v
PLL1 Module D:/FPGA_learning_priect/FII-PRA040/mult_sim/PLL1.v
| PLL1_altpl Module  D:/FPGA_learning_priect/FII-PRA040/muilt_sim/db/pll1_altpll.v
[7] pll_sys_rst Module  D:/FPGA_learning_priect/FII-PRA040/mult_sim/pll_sys_rst.v
-4} ri_work Library D:/FPGA_learning_priect/FII-PRA040/mult_sim /simulation/modelsim/rti_y
4, 220model Library $MODEL_TECH]/.. falterafvhdi/220model
214} 220model_ver Library $MODEL_TECH/.. faltera/verilog/220model
+-4li, altera Library $MODEL_TECH/.. faltera/vhdl/altera
-4} altera_insim Library $MODEL_TECH/.. /alterafvhdl/altera_lnsim
414} altera_insim_ver Library $MODEL_TECH/.. /altera/verilog/altera_Insim |
< | i |
Design Unit(s) Resolution
work.mult_sim default Wi

Figure 6.8 Choose the project to simulate

In the Objects window, choose all the signals and drag them to Wave window. See
Figure 6.9.

4 ModefSim - INTEL FPGA STARTER EDITION 1055 o
Fie £t View Comple Smuste Add Wave Tooh Layout Bockmaks Window Help

9.8 @ IRBD | O-MEN||SPEEN | @/t ew (B ol HUUNS W |t 232 || ot simiace -
18- . N U &L - 4-F >

QAQAAR || AW ImI

0 Processes (actve)
” e

AbLLLlLitLiLbtLt

. i)
B A [

Yow: Dgn Dol 0 o

o -
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5)

6)

Figure 6.9 Add observation signals

Set the signals in Wave, right click any signal and a selection window will occur. See

Figure 6.10.

1 Objects s + 2| x| | yul Wave - Default
[Mode 1| B iow || »

Out

+ Out
4 mult_res XK. Internal
Internal
Internal
... Internal

Cast to

Combine Signals...
Group...
Ungroup

Force...
|

ﬁ Processes (Active)

Clock....

Type (filtered)

Properties...

Figure 6.10 Set the signals
Logical signals select Force and select Clock for clock signals

A. Setrstsignal. See Figure 6.11.

M Force Selected Signal X

Signal Name: sim:/mult_sim/rst
Value: CI
Kind

¥ Freeze ( Drive { Deposit

Delay For: |0

Cancel After:

oK Cancel

Figure 6.11 Set rst signal

B. SetInclk signal. See Figure 6.12.
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™ Define Clock X
Clock Name
sim:/mult_sim/inclk
offset Duty
0 50
Period Cancel
£
[ Logic Values
High: |1 Low: |0
First Edge
@ Rising " Faling
OK Cancel

Figure 6.12 Set inclk signal

C. Setsw signal. See Figure 6.13.

M Force Selected Signal X

Signal Name: |sim: /mult_sim/sw

value: | 1001]
[Kind

¢ Freeze ( Drive ( Deposit

Delay For: 0

Cancel After:

ok | cancel

Figure 6.13 Set sw signal

7)  Run simulation. In the tool bar, set the simulation time to be 100 ns. Click the Run icon
to run the simulation. See Figure 6.14.

dow Help

| ®f # ¢m s 25 (oo nobl D)L 24

Figure 6.14 Set the simulation time

8) Observe the simulation result. See Figure 6.15.
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Figure 6.15 Simulation result

9) Result analysis

A. Counter count does not have a valid result, instead, unknow result XXXXXX is
gotten.

B. sys_rst does not reset signals. It changes from X to 0
C. Add pll_locked signal to the wave, and re-simulate

D. In Figure 6.16, before PLL starts to lock, the sys_clk already has a rising edge, so
PLL_locked signal is just converted from low to high. There is no reliable reset is
formed.

_sim/rst
£ fmult_simjinck
L fmult_sim/sw
4. jmult_sim/seven_seg
-“a /mult_sim/scan
B4 jmult_sim/mult_res
4 fmult_sim/sys_ck

4 fmult_sim/sys_rst
-4 /mult_sim/count
4 jmult_simfpll_sys_rs...

Figure 6.16 Re-simulation result
E. Solution
a. Define sys rstto be 1’bl
b. Use external rst signal to provide reset

Here method a is adopted. The revised code is as follows:
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module pll_sys_rst(

input inclk,
output sys_clk,
output reg sys_rst=1'b1

10) Recompile the simulation.

ﬂ Wave - Default

£ Jmult_sim/rst

£ fmult_simfinck I B . B I I N B
B-£  jmult_sim/sw g
B jmuit_sim/count : I 73 Y5 14 J5 (6 7 J8 J9 Ji0 )31 143 Ji3 [34 Ji5
£ jmult_sim/mult_res o [ ¥s Y38 127 Y3 (45 54 b3 y7s sl Jo0 Joo J108 [117 Ji%
B3 fmult_sim/seven_seq
B4 fmult_simfscan

4 fmult_sim/sys_ck JEN A [y [y O Y y F y O B Y
4 jmult_sim/sys_rst

Figure 6.17 Recompile the simulation

Since waveform editing efficiency is relatively low, the use of simulation testbench file is

encouraged.

Method 2: Write a testbench file for simulation
(D Name a new Verilog HDL file tb_mult.v.

2 The code is as follows:

When writing the testbench file, first mark the time unit of the simulation at the beginning,
this experiment is 1 ns, then instantiate the project that needs to be simulated into the testbench
file, define the clock cycle and the simulation conditions, and stop the simulation after a certain

time. This simulation stops after 1000 clock cycles.

After the compilation, the testbench file is added to the ModelSim for simulation, the specific

steps are as follows:

A. Set the testbench file: Assignments -> Settings. See Figure 6.18.
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=" Settings - mult_sim

Category:

General
Files
Libraries

¥ IP Settings

Design Templates

Voltage
Temperature
¥ Compilation Process Settings
Incremental Compilation
¥ EDA Tool Settings
Design Entry/Synthesis
Simulation
Board-Level
¥ Compiler Settings
WVHDL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer

IP Catalog Search Locations

“ Operating Settings and Conditions

- ]

X

Specify options for generating output files for use with other EDA tools.

Tool name: | ModelSim-Altera

[ Run gate-level simulation automatically after compilation

EDA Netlist Writer settings

Eormat for output netlist: | Verilog HDL

Timescale: | 1ps

Output directory: |simulation/modelsim

[ Map illegal HDL characters

Options for Power Estimation
O Generate Value Change Dump (VCD) file script

Design instance name:

More EDA Netlist Writer Settings...
MativeLink settings
@ None

O Compile test bench:

se script to set up simulation:

(O Script to compile test bench:

More Nativelink Settings.

[ Enable glitch filtering

Script Seftings...

oK Close

Figure 6.18 Simulation setting 1

Test Benches...

Reset

Apply Help

B. In Compile test bench, click Test Benches to add tb simulation file. See Figure 6.19.

“timescale 1ns/1ps

module tb_mult;

reg

reg

reg [7:0]
wire [7:0]
wire [15:0]

rst;
clk;

SW;

count;

mult_res;

// S1is the instance of simulation module

mult_sim S1(
.rst

.inclk

(rst),

(clk),
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.SW (sw),
.count (count),
.mult_res (mult_res)
);
// Define the clock required for the simulation and display the results in text form
always begin
#10 clk = ~clk;
Smonitor ("%d * %d = %d", count, sw, mult_res);
end

//Set the simulation condition

initial begin
rst=0;
ck=1;
#10 sw = 20;
#10 sw = 50;
#10 sw = 100;
#10 sw = 101;
#10 sw = 102;
#10 sw = 103;
#10 sw = 104;
#50 sw = 105;
//stop the signal
#1000 Sstop;

end

endmodule
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mult sim - o x

Category:

General

Files

Specify options for generating output files for use with other EDA tools

Libraries

~ IP Settings S [ e
IP Catalog Seq = Test Benches v

Design Templates

v Operating Setting] Specify settings for each test bench. 7

Voltage Existing test bench settings
Temperature

~ Compilation Broc Name Top Level Module  Design Instance Run For Test Bench Filefs) Edit..
Incremental ©

™ EDA Tool Setting: oelsts
Design Entry/
Simulation
Board-Level

™ Compiler Settings
VHDL Input

Verilog HDL In|

OK Cancel Help
Default Param|

Timing Analyzer Nativelink settings
Assembler O Nane

Design Assistant
Signal Tap Logic Analyzer ® compile test bench: | Test Benches...
Logic AnalyzerInterface [ Use script to set up simulation
Power Analyzer Settings
SSN Analyzer O Script to compile test bench

More Nativelink Settings... Reset

oK Close Apply Help

Figure 6.19 Simulation setting 2

C. Click New, input the Test bench name. Make the name be consistent with tb file.
See Figure 6. 20.

— New Test Bench Settings *

Create new test bench settings.

Test bench name: |tb_mull{ |

Top level module in test bench: |tb_mult |

[[] Use test bench to perform VHDL timing simulation
Design instance name in test bench: |NA
Simulation period
® Run simulation until all vector stimuli are used

O End simulation at: s 7

Test bench and simulation files

File name: | ( | Add
\
File Name Library HDL Version ~— Remove
Up
Down
Properties...
OK Cancel Help

Figure 6.20 Simulation setting 3
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D. Click the red ellipse to add the test bench file. Find tb_mult.v file written before.

E. Click Add to add the file. Click OK (three times) to finish the setting. See Figure 6.21.

=" Mew Test Bench Settings >

Create new test bench settings.

Test bench name: |tb_mult |

Top level module in test bench: [tb_mult |

[ Use test bench to perform VHDL timing simulation
Design instance name in test bench: | NA
Simulation period
® Run simulation until all vector stimuli are used

(O End simulation at:

w

Test bench and simulation files

File name:

Add
File Name Library HDL Versien Remaove
th_mult.v Default
| Up
Down
Properties...

Cancel Help

Figure 6.21 Simulation setting 4

(3) Repeat previous step, to start ModelSim to simulate. See Figure 6.22.

| Wave - Default

e e
a

I:):):):):)DDEEEEE

Figure 6.22 Waveform output
After a certain delay, outputs will display in Transcript. See Figure 6.23

Because the result of the operation will be one clock cycle later than the input, the
multiplier and the result will differ by one line, which does not seem to match, but does not
affect the analysis of the experimental results.

88 / 304



# 1~ 102
# 2 % 103
# 3 % 103
# 4 % 104
# 5 % 104
# g % 104
# T % 104
# g % 104
# 9 % 104

Figure 6.23 Text displays operation result

Summary and Reflection

]
103
208
312
ilg
520
g2d
723

832

Try to use the switch as the input to the multiplier. The upper four digits are one number, the

lower fourth digits are a number, and the two numbers are multiplied to output the result.
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Experiment 7 Hexadecimal Number to BCD Code Conversion and

Application

7.1 Experiment Objective

@D Learn to convert binary numbers to BCD code (bin_to_bcd)

(2) Learn to convert hexadecimal numbers to BCD code (hex_to_bcd)

7.2 Experimental Implement

Combined with experiment 6, display the results of the operation to the segment display.

7.3 Experiment

7.2.1 Introduction to the Principle of Converting Hexadecimal Number to BCD Code

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

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

» 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) Set the maximum decimal value of the expression. Suppose a 16-digit binary value (4-
digit hexadecimal) needs to be converted to decimal. The maximum value can be
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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 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 12
C. Use pre-shift adjustment, ABCD = 0110 (6), greater than 5, plus 3
D. ABCD =1001 (9), shift left by one
E. ABCD =0010, the shifted bit 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: Binary to BCD. See Figure 7.1.
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Binary Operation

1010 0010 162

1 010 0010 =< #1

10 10 0010 << #2

101 0 0010 << #3

1000 add 3

1 0000 0010 << #4

10 0000 010 << #5

100 0000 10 =< #6

1000 0001 0 << #7

1011 add 3

1 0110 0010 << #3
1 6 2

Figure 7.1 Example 1, bin_to_bcd
Example 2: Hexadecimal to BCD. See Figure 7.2.

Operation Hundreds Tens Units
HEX
Start

Shift 1
Shift 2
Shift 3
Add 3
Shift 4
Add 3
Shift 5
Shift 6 1
Add 3 10
Shift 7
Add 3
Shift 8 1
BCD 2

i

111
11

P

= |

[

Rlr|pr|lRr|m]=]=

Pl == === ]m

= | =

o'}

[N ST IR S RS P S T I S I
-

S =1 =0 I = e
(=N B = = = ==
[ =T = - e I e O T ]
Wmio|lRr|lm Rl ool ||
Rlo|l=|lrl=|lr|lOo|=|O|k =]~

=Y =)

M| o= = O = =

Figure 7.2 hex_to_bcd

7.2.2 Introduction of the Program

The first step: the establishment of the main program framework

module HEX_BCD (
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input [15:0] hex,
output reg [3:0] ones,
output reg [3:0] tens,
output reg [3:0] hundreds,
output reg [3:0] thousands,

output reg [3:0] ten_thousands

Enter a 16-bit binary number hex, which can represent a maximum of 65535 decimal, so

output ones, tens, hundreds, thousands, and ten_thousands.

The second step: the implementation of bit operation

reg [15:0]  hex_reg;
integer i;

always @ (*)

begin

hex_reg = hex;
ones =0;
tens =0;
hundreds =0;
thousands = 0;

ten_thousands = 0;

for (i=15;i>=0;i=i-1) begin
if(ten_thousands >= 5)
ten_thousands = ten_thousands + 3;
if(thousands >=5)

thousands = thousands + 3;
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end

end

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};

Referring to Figure 7.2, the former part of the program is the judgment calculation part, and

if it is greater than or equal to 5, then adds 3. The latter part is the shift part.

The third step: verification

Referring to Experiment 6, simulation was performed using ModelSim, and the simulation

conditions are set as follows:

initial

begin

hex=0;
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repeat (20) begin

#10;

hex = {Srandom}%20000;
#10;

end

end

At the beginning, the 16-bit binary number is equal to 0. The delay is 10 ns. The 16-bit
binary number takes a random number less than 20,000. A delay of 10 ns is applied, and the

process is repeated 20 times.

After the ModelSim is set and the testbench file is added, perform the simulation. The result

is shown in Figure 7.3.

£m| Wave - Default

Figure 7.3 Simulation for binary to decimal
Remark and reflection:
A. The assignment symbols for the examples above are “=" instead of “<=". Why?

B. Since the whole program is designed to be combinational logic, when invoking the
modules, the other modules should be synchronized the timing.

7.4 Application of Hexadecimal Number to BCD Number

Conversion

&D) Continue to complete the multiplier of Experiment 6 and display the result on segment
display in decimal. Every 1 second, the calculation results on the segment display changes
once. The experiment needs to use frequency division, segment display, multiplier and

hexadecimal number to BCD number conversion.

(2) Compilation. Observe the Timing Analyzer in Compilation Report.
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1)

& HEx_BCD_multy [

¢ HEX_BCDv [ & pl_sys_rstv [2]

Fmax Summary 83.71 MHz. See Figure 7.4.

& us_ms_s_divv 2] & div_usv 2]

Table of Contents

i

B8 Flow summary
B Flow Settings

BB Flow Elapsed Time
A Flow os summary
@ Flow Log
> [ Analysis & Synthesis
> M Fitter
> Ml Assembler
v [ Timing Analyzer
5] Summary
FH Parallel Compilation
EH clocks

= Fmax Summany:

2) Setup Memory
H Flow Settings
H Flow Non-Default Global Settings
= Flow Elapsed Time
= Flow 05 Summary
2 Flow Log
9 Analysis & Synthesis
= Firer
5 Assembler
= Timing Analyzer
E8 summary
= Parallel Compilation
= Clocks
v I~ slow 1200mV 85C Model
BB Fmax Summary
E Timing Closure Recommendation:

BB Setup Summary

3)

FR Flow Mon-Default Global

Settings

v I~ Slow 1200mV 85C Model

E Timing Closurs Recommend

1 pll_sys_rst_inst|PLL1_inst|altpll_component|auto_generated|pll1|clk[0]

~

Slow 1200mV 85C Model Fmax Summary

o <

Frnax Restricted Frnax Clock Name Note

1 B37IMHz  B3.71MHz plL_sys..|clk[0]

Figure 7.4 Fmax Summary

Clock Slack  End Point TNS

-2.057 -34.963

Figure 7.5 Setup time summary

Timing Closure Recommendation. See Figure 7.6.
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‘Table of Contents LI Timing Closure Recommendations
2 tow Summay

B Flow Settings

>

This design contains failing setup paths with a worst-case slack of -2.057 ns. Run Report Timine Closure Recommendations for recommendations on how to close setup

E= Flow Non-Default Global Settings timing. For recommendations for any particular path, click the appropriate link in the table below.
B9 Flow Elapsed Time Top Failing Paths [nide details)
E5 Flow OS Summary 5
Slack From To Recommendations
E Flow Log
1/-2.057 Ipm_multsx81pm_m_rated|result[13] thousands_r[0] Report recommendations for this path
Analysis & Synthesis 2 -2.050 Ipm_multxelpm_m_rated|result{13] hundreds_r[1] Report recommendations for this path
Fitter 3/-2.046 Ipm_multsx81pm_m_rated|result[13] hundreds_r[3] Report recommendations for this path
Assembler 4/-2.045 lpm_multéxepm_m.ratedIresult[12] thousands_r{0] Report recommendations for this path
5-2.023 Ipm_multsx81pm_m_rated|result[13] hundreds_r[3] Report recommendations for this path

v Timing Analyzer

EE summary

EE Parallel Compilation

B Clocks

v Slow 1200mV 85C Model
B Fmax Summary
E Timing Closure Recommendations
EA setup Summary
E= Hold Summary
El Recovery Summary
E Removal Summary
E= Minimum Pulse Width Summary
Worst-Case Timing Paths

[ S -

Figure 7.6 Timing Analysis

4) From the above three indicators, the above programming does not meet the timing
requirements. It can also be seen that the maximum delay path is the delay of the
output of the multiplier to HEX_BCD.

There are 3 solutions:

A. Reduce the clock frequency

B. Increase the timing of HEX_BCD and increase the pipeline

C. Insert pipeline isolation at the periphery (can reduce some delay)

The way to increase the pipeline, will be introduced in the follow-up experiment,
because the function of HEX_BCD is mainly used to display the human-machine interface,

the speed requirement is low, and the frequency reduction method is adopted here.
(3) Modify PLL to increase an output of 20 MHz frequency (BCD_clk)
(4) Recompile and observe timing results

(5) Lock the pins, compile, and program FII-PRA040 development board for testing

7.5 Experiment Verification

The first step: pin assignment

Table 7.1 Hexadecimal number to BCD pin mapping

Signal Name Network Label FPGA Pin Description
clk CLK_50M G21 Input clock
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rst_n PB3 Y6 Reset
scan[0] SEG_3V3 D5 F14 Bit selection 0
scan[1] SEG_3V3 D4 D19 Bit selection 1
scan[2] SEG_3V3 D3 E15 Bit selection 2
scan[3] SEG_3V3_D2 E13 Bit selection 3
scan[4] SEG_3V3 D1 F11 Bit selection 4
scan[5] SEG_3V3_DO E12 Bit selection 5
seven_seg(0] SEG_PA B15 Segment a
seven_seg(1] SEG_PB E14 Segment b
seven_seg(2] SEG_PC D15 Segment c
seven_seg(3] SEG_PD Ci15 Segment d
seven_seg(4] SEG_PE F13 Segment e
seven_seg(5] SEG_PF E11 Segment f
seven_seg(6] SEG_PG B16 Segment g
seven_seg(7] SEG_DP Al6 Segment h
SW[7] PB7 W6 Swicth 7
SW[6] PB6 Y8 Swicth 6
SW([5] PB5 W8 Swicth 5
SW(4] PB4 V9 Swicth 4
SWI3] PB3 V10 Swicth 3
SW[2] PB2 ui1o0 Swicth 2
SW[1] PB1 V11l Swicth 1
SWI0] PBO U1l Swicth 0

Step 2: development board verification

After the pin assignment is completed, the compilation is performed. Program the
development board for verification after passing. The experimental result is shown in Figure 7.7.
The value of the DIP switch input is 00001010, decimal 10, the counter is constantly

accumulating, so the display result is always accumulatively changed by 10.
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Figure 7.7 Experiment phenomenon

Experiment Summary and Reflection

&D) How to implement BCD using more than 16 bits binary numbers
2 What is a synchronous clock and how to handle an asynchronous clock

(3) Learn to design circuits meeting the requirement
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Experiment 8 Use of ROM

8.1 Experiment Objective

@D Study the internal memory block of FPGA

(2) Study the format of *.mif and how to edit *.mif file to configure the contents of ROM

(3 Learn to use RAM, read and write RAM

8.2 Experiment Implement

(D Design 16 outputs ROM, address ranging 0-255
(2) Interface 8-bit switch input as ROM’s address

(3) Segment display the contents of ROM and require conversion of hexadecimal to BCD
output.

8.3 Experiment

8.3.1 Introduction of the Program

This experiment was carried out on the basis of Experiment 7, and the contents of Experiment
7 were cited, so only the IP core ROM portion is introduced here.

(D In Installed IP, choose Library -> Basic Function -> On Chip Memory -> ROM: 1-PORT,
file type to be Verilog HDL. Choose 16 bits and 256 words for output. See Figure 8.1.
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. MegaWizard Plug-In Manager [page 1 of 5] 2 % "P Catalog

4 ROM: 1-PORT v & nsalled P

v Project Directory

No Selection Available
v Library

> Memmit >

Vv Basic Functions

Currently selected device family:  cyclone 10 L7 Arithmetic

Match project/default Bridges and Adaptors

words

b

Clocks; PLLs and Resets

16
56

How wide should the 'q' output bus be? 16| ~ | bits

2

Configuration and Programming
/o
Miscellaneous

How many 16-bit words of memory? 256 ~ | words

Block ype: AUTO Note: You could enter arbitrary values for width and depth

What should the memory block type be?

* On Chip Memory

® Auto MLAB O Mok * FIFO
M144K LCs Options... RAM: 1-PORT
Set the maximum block depth to words RAM: 2-PORT
+ ROM: 1-PORT
What clocking method would you like to use? £ ROM: 2-PORT
(@ single dock + shift register (RAM-based)
(O Dual clock: use separate 'input’ and 'output' clocks Simulation; Debug and Verification

DsP

Interface Protocols

+ Add..

Figure 8.1 RAM IP core invoking

(2) According to the default setting, an initial ROM file in the location where red oval circles
needs to be added. See Figure 8.2. In the figure, a *.mif file has already been added.

(3 Create a top level entity rom.mif

1) Generate rom.mif file. Go to File -> New -> Memory Files -> Memory Initialization File.
See Figure 8.3.

2) In Figure 8.4, modify the Number of words and Word size.

3) InFigure 8.5, inthe address area, right click to input the data or change the display format,
such as hexadecimal, octal, binary, unsigned, signed, etc.
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“« MegaWizard Plug-In Manager [page 3 of 5]

" ROM: 1-PORT

Resource Usage

1 MSK

Do you want to specify the initial content of the memory?

Mo, leave it blank

Initialize memory content data to ¥X..X on
power-up in simulation

@ =

E MEMOry Conten

u can use a Hexadedmal (Intel-format) File [.hex] or a Mem
Initializatorm Fe—fmids

Browse...

File name: | . from. mif |

The initial content file should conform to which port's

dimensions? SR
O Allow In-5ystem Memory Content Editor to capture and
update content independently of the system dock
The 'Instance ID' of this ROM is: NONE
| Cancel | | < Back || Next > || Finish |

Figure 8.2 ROM setting

G New

Qsys Sy:

VHDL Fi

v Other Files

State Machine File
SystemVerilog HDL File
Tcl Script File

Verilog HOL File

v Memory Files
Hexadecimal (Intel-Format) File
Memaory Initialization File

v Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF

AHDL Include File
Block Symbol File
Chain Description File v

stem File 2

le

oK || Cancel || Help

Figure 8.3 New *.mif file
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T8 Number of Words & Word Size X

Number of words:

Word size:

Cancel Help

Figure 8.4 *.mif file setting 1

3 44 45 +6 )
00FF 0200 0044 0027 04F6
0000 0000 0000 0000 0000
: 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
0000 0000 0000 0000 0000
070 |0000 0000 0000 0000 0000 0000 0000 0000
78/ 0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000
&

Figure 8.5 *.mif file setting 2

After completing the ROM and IP’s setting, fill the data for rom.mif. For convenience of
verification, store the same data as the address from the lower byte to higher byte in
ascending form. Right click to select Custom Fill Cells. See Figure 8.6. The starting address
is 0, ending at 255 (previous address setting depth is 256). The initial value is 0 and the
stepis 1.
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Custom Fill Cells *

Allows you to custom fill an address range with either a repeating sequence, or from a starting point

with incrementing or decrementing values.

Address range

The current address radix is: unsigned decimal

Starting address: |0 Ending address: |255

Custom value(s)

The current memory radix is: hexadecimal

(O Repeating sequence (numbers can be delimited by either a space or a comma)

® Incrementing / decrementing

Starting valu e:| o

Increment v | by |‘I| |

Cancel Help

Figure 8.6 Fill date for rom.mif

5) After the setup, the system will fill in the data automatically. See Figure 8.7.

Addr +0 +1 +2 +3 +4 +5 +6  +7 ASCII

0 0002 0002 0004 0005 000G 0007 ...

8 0008 0009 000A 0O0O0B 000C 000D O0OOE QOOF .

18 0010 0011 0012 0012 0014 0015 0016 0017 ...

24 0018 0018 001A 0018 001C 001D OO01E 0QO1F .

32 0020 0021 0022 0023 0024 0025 0026 0027 !'&#500&

40 0028 0020 002A 0028 002C 002D 002ZE 0Q02F [+

48 0030 0031 0032 0033 0034 0035 0036 0037 01234567

56 0038 0039 003A 003B 003C 003D 003E 003F 885===7

64 0040 0041 0042 0043 0044 0045 0046 0047 @AEBCDEFG

Figure 8.7 Part of data after auto filling

Refer to the design of conversion from hexadecimal to BCD in Experiment 7, display the
data in ROM on the segment display.

(4

ROM instantiation:

reg [15:0] rom_q_r;

always @ (posedge BCD_clk)
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rom_qg_r<=rom_gq;

HEX_BCD HEX_BCD_inst(

.hex (rom_q_r),
.ones (ones),
tens (tens),
.hundreds (hundreds),
.thousands (thousands),

.ten_thousands (ten_thousands)
);

onep_rom onep_rom_dut(

.address (sw),
.clock (sys_clk),
o] (rom_q)

8.4 Experiment Verification

Pin assignments are consistent with Experiment 7. After the compilation is completed, the
board is verified. As shown in Figure 8.8. When the DIP switch is 10010100, the decimal
expression is 148, which means the contents of the 148th byte of the ROM is read, and the
segment display will illustrate 148, which is consistent with the data deposited before.
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Figure 8.8 Experiment result

Experiment Summary and Reflection

1. How to use the initial file of ROM to realize the decode, such as decoding and scanning
the segment display.

2. Write a *.mif file to generate sine, cosine wave, and other function generators.

3. Comprehend application, combine the characteristic of ROM and PWM to form SPWM

modulation waveform.
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Experiment 9 Use Dual-port RAM to Read and Write Frame Data

9.1

&)
(2

(3

9.2

(D
(2
(3)
(4

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

Experiment Implement

1)

2)

3)

4)

Observing the synchronization structure of synchronous clock frames using SignalTap Il
Extended the use of dual-port RAM

Design the use of three-stage state machine

Design a 16-bit data frame

Data is generated by an 8-bit counter: Data={~counta,counta}

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

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
Provide configurable data length data_len by parameter

Packet: When the data and checksum package are written to the dual-port RAM, the
userlD, the frame length and the valid flag are written to the specific location of the

dual-port RAM. The structure of the memory is shown in Table S.1.

Table 9.1 Memory structure

Wr_addr Data/Flag Rd_addr

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

6) Read and write in an agreed order

Valid is the 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.

9.3 Experiment

9.3.1 Introduction of the program

The first step: the establishment of the main program framework

(

input
input
input
output
output

output

module frame_ram

[6:0]
reg [6:0]
reg

reg

#(parameter data_len=250)

inclk,

rst,

olD,
rd_done,

rd_err

The second step: the definition of the state machine
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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: other definitions

Clock variable definition

wire sys_clk;
wire BCD_clk;
wire sys_rst;
reg ext_clk;

Dual-port RAM interface definition

reg [7:0] addr_a;
reg [15:0] data_a;
reg wren_a;
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wire [15:0] q_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;

Step 4: Generate dual-port RAM, PLL

dp_ram dp_ram_inst

(
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.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),
.q_a (q_a),
q_b (a_b)

pll_sys_rst pll_sys_rst_inst

(

.inclk (inclk),
.sys_clk (sys_clk),
.BCD_clk (BCD_clk),
.Sys_rst (sys_rst)

The RAM is 16 bits wide and 256 depth. The PLL inputs a 50 MHz clock, outputs 100 MHz as
the operating clock of other modules, and 20 MHz is used to drive the segment display.

Step 5: data generation counter

always @ (posedge sys_clk)
if(sys_rst) begin
counta <=0;
user_id <=0
end

else begin
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counta <=counta + 1;
user_id <= sw;

end

Step 6: 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_pipe0;
mema_pipe0 : sta_nxt = mema_read0;

mema_read0 :
begin
if (q_a[15])
sta_nxt = mema_readl;

else
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sta_nxt = sta;
end

mema_readl :

begin
if (1g_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
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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
addr_a <=addr_a+1'bl;
wren_a <=1'b1;
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'b];

wren_a <=1'bl;

data_a <=(~wr_chsum) + 1'b1;
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end
mema_wr_done
begin
addr_a <= 8'hff;
wren_a <=1'bl;

data_a <={1'b1, user_id, wr_len};

end
default : ;
endcase
end
Write order:
1. Read the flag of the 8'hff address (control word). If valid=1'b0, the program 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 predetermined data length is reached. If so, proceeds to next
step, otherwise continue writing the data, and the checksum is calculated.
4. checksum complements and write to memory
5.  Write the control word in the address 8'hff, packet it

Step 7: read state machine

//First stage
always @ (posedge sys_clk)

begin

if (ext_rst) begin
stb = memb_idle;
end

else
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stb = stb_nxt;
end

//Second stage

always @ (*)
begin
case (stb)
memb_idle stb_nxt = memb_init;
memb_init stb_nxt = memb_pipeO0;
memb_pipe0 : stb_nxt = memb_readO;

memb_read0 :

begin
if (q_b[15])
stb_nxt = memb_read1;
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
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stb_nxt = stb;
end
memb_rd_chsum : stb_nxt = memb_rd_done;
memb_rd_done : stb_nxt = memb_init;
default stb_nxt = memb_idle;
endcase
end

//Stage three, 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 <= 8'hff;
rd_data <=0;

rd_chsum <=0;

wren_b <=1'b0;
rd_len <=8'b0;
olD <= 7'b0;
rd_err <=1'b0;

end

memb_init

begin
addr_b <= 8'hff;
rd_data <=0;

rd_chsum <=0;
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wren_b
rd_len
olD
rd_err

end

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

<=1'b0;

memb_pipe0 :

begin
addr_b

end

<=8'b0;

memb_read0 :

begin

if (q_b[15])
addr_b

else
addr_b
rd_data
rd_chsum
wren_b
rd_len
olD

end

<=addr_b +1'b1;

memb_readl :

begin
if(g_b[15])
addr_b
else
addr_b

rd_data

<=addr_b +1'b1;

<= 8'hff;

<=0;
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rd_chsum
wren_b
rd_len
olD
end
memb_rd_data
begin
addr_b
rd_data
rd_chsum
wren_b
rd_len
end
memb_rd_chsum
begin
addr_b
wren_b
if (]rd_chsum)
rd_err
end
memb_rd_done
begin
addr_b
wren_b
end
default ;
endcase

end

<=0;
<=1'b0;
<=q_b[7:0];

<=q_b[14:8];

<=addr_b +1'b1;
<=q_b;
<=rd_chsum +rd
<=1'b0;

<=rd_len-1'b1;

<= 8'hff;

<=1'b0;

<=1'bl;

<= 8'hff;

<=1'b1;

_data;
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Read order
1. idleis the state after reset
2. Init: Initialization, set the address to 8 hff

3. Rd _pipe0: Add a latency (since the read address and data are both latched). Address
+1, forming a pipeline structure

4. ReadO: Set the address to 8'hff, read the control word and judge whether the valid bit is
valid.

a. Ifvalid=1'b1, address +1, proceeds to the next step

b. If valid=1'b0, it means the packet is not ready yet, the address is set to be 8'hff
and returns to the init state.

5. Read1: Read the control word again

a. Ifvalid=1'b1, address+1, ID and data length are assigned to the corresponding
variables and proceeds to the next step

b. Ifvalid=1'b0, it means the packet is not ready yet, the address is set to 8 hff, and
returns to the init state.

6. Rd_data:
a. Read data and pass to data variables
b. Calculate checksum, data_len - 1
c. Determine whether the data_len is 0
i 0: all data has been read, proceeds to the next step
ii. Not O: continue the operation in current state

7. rd_chsum: Read the value of checksum and calculate the last checksum. Correct the
data and set the flag of rd_err

8. rd_done: The last step clears the valid flag in memory and opens the write enable for the
next packet.

9.3 Experiment Verification

The first step: pin assignment
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Table 9.2 Frame data read and write experiment pin mapping

Signal Name Network Label FPGA Pin Port Description

Inclk CLK_50M G21 Input clock
rst PB3 Y6 reset

SW[7] Sw7 W6 Switch input 7
SW(6] SW6 Y8 Switch input 6
SW[5] SW5 w8 Switch input 5
SW[4] Sw4 V9 Switch input 4
SW[3] SW3 V10 Switch input 3
SW[2] SW2 u10 Switch input 2
SW[1] SW1 V11 Switch input 1
SW[0] SWo U1l Switch input 0

Step 2: Observe the read and write results of the dual-port RAM with SignalTap

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

long data.

(

module frame_ram

#(parameter data_len=4)

input inclk,
input rst,
input [6:0] SW,
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.

B.

Determine whether the reading is started after the packet is written

Determine whether the write packet is blocked before reading the entire packet is
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completed
2) Observe the external interface signal and status
A. rd_done, rd_err

Set rd_err =1, or the rising edge is the trigger signal to observe whether the error
signal is captured

B. Observe whether wren_a, wren_b signal and the state machine jump are strictly
matched to meet the design requirements

(3) SignalTap result. See Figure 9.1.

Experiment Summary and Reflection

@D Review the design requirements of how to analyze an actual demand, to gradually
establish a model of digital control and state machine and finally design it.

(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
asynchronous mechanism, how to control the handshake protocol.

(4) 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.

(5) How to build ITCM with dual-port RAM and DTCM preparing for future CPU design.
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Figure 9.1 SignalTap Il simulation
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Experiment 10 Asynchronous 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.

@D Study the basic principles of asynchronous serial port communication, handshake
mechanism and data frame structure

(2) Master asynchronous sampling techniques
(3) Review the frame structure of the data packet
(4) Learn to use FIFO

(5) Joint debugging with common debugging software of PC (SSCOM, Tera Term, etc.)

10.2 Experiment Implement

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

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

(4) Forming a data packet

(5) Packet parsing

10.3 Experiment

10.3.1 Introduction to the UART Interface

A USB-B interface and a CP2102 chip are onboard for serial data communication.

The CP2102 features a high level of integration with a USB 2.0 full-speed function controller,
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USB transceiver, oscillator, EEPROM, and asynchronous serial data bus (UART) to support modem

full-featured signals without the need for any external USB devices. See Figure 10.1 for the
physical picture.

Figure 10.1 USB-B Interface and CP2102 Chip Physical Picture

10.3.2 Hardware Design
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Figure 10.2 Schematics of the serial port

The principle of USB serial port conversion is shown in Figure 10.2. The TTL_TX and TTL_RX
of the CP2102 are connected to the FPGA to transmit and receive data. After being processed
internally by the chip, the D_R_P and D_R_N are connected to the USB interface through a
protection chip, and the data is transmitted with the PC to implement serial communication.
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10.3.3 Introduction of the Program

The first step: the main program architecture

module uart_top

(
input inclk,
input rst,
input [1:0] baud_sel,
input tx_wren,
input tx_ctrl,

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.

Step 2: create a new baud rate generator file

&D) 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 10.3.

Fine solution
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A.

B.

Implemented with a two-stage PLL for a finer frequency

The stop bit is set to be 2 bits, which can effectively eliminate the error.

This experiment will not deal with the precision. The default input frequency is 7.3728

MHz.

* MegaWizard Plug-In Manager [page 7 of 12]
£ ALTPLL
[2] output
Clocks
dkeo > dkat | > k2 > cked > dkot >
c1 - Core/External Output Clock
PLL1 Able to implement the requested PLL
Use this clock
Clock Tap Setti
nclko inclk0 frequency: 50.000 MHz <0, S Requested Settings Actual Settings
reset | Operation Mode: Normal cl (@) Enter output clock frequency: MHz =
[cik]_Ratio_|Pn (da]oc (%] locked, () Enter output clock parameters: -
0.00 ﬂ]ﬂ' Clock multiplication factor E = l:l
ol 0.00 [ 5000 Clock division factor 1 gt
Cydone 10 LP Clock phase shift ps v
Clock duty cycle (%)
Description Ve
Note: The displayed internal settings | Primary clock VCO frequency (MHz) 90
of the PLL is recommended for use by | yadulne far M rannter T
advanced users only < >
Per Clock Feasibility Indicators
cd a
| Cancel ‘ | < Back ‘ | Next > ‘ | Einish ‘
Figure 10.3 PLL setting
C. Supported baud rates are 115200, 57600, 38400, 19200
D. The default baud rate is 115200

2 Source file of 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)
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if (rst) begin
count_tx <=9'd0;
baud_tx <=1'b0;
end
else begin
if (count_tx == frg_div_tx) begin
count_tx <=9'd0;
baud_tx <=1'b1;
end
else begin
count_tx <=count_tx + 1'b1;
baud_tx <=1'b0;
end

end

Four different gear positions are set to select the baud rate, corresponding to the step 2, (1).
The baud rate of the receiving part is similar to that of the transmitting part.

Step 3: Design the send buffer file tx_buf
&D) 8-bit FIFO, depth is 256, read/write clock separation, write full flag, read empty flag
(2) Interface and handshake
1) rstreset signal
2)  wr_clk write clock
3) tx_clk send clock
4) 8-bit write data tx_data
5) wr_en write enable
6) ctrl writes whether the input is a data or a control word
7) rdy buffer ready, can accept the next data frame
Transmit buffer instantiation file
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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),
Ax_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

tx_transmit
#(.DATA_LEN(TX_BIT_LEN),

.STOP_BIT(STOP_BIT)
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tx_transmit_inst

Axrst (uart_rst),
Ax_clk (tx_clk),
x_baud (tx_baud),
tx_en (tx_en),
1Ix_data (tx_data),
Ax_rdy (trans_rdy),
Ix_out (tx_out)

);

(2 Write a testbench file to simulate the transmit module. (tb_uart)

(3) ModelSim simulation waveforms for transmit module. See Figure 10.4.

ftb_uart/tx_ctrl
ftb_uart/tx_data
[tb_uart/ux_len
ftb_uart/tx_done
ftb_uart/tebuf_rdy
ftb_uart/sys_dk
[ftb_uart/sys_rst
ftb_uartfrx_in
Jtb_uart/tx_out
_uartjcount
-4 ftb_uart/rans st
B bte_trans

ftb_uartjuart_top_dutftx_buf_instjtx_transmit_inst/tx_ck
ftb_uartjuart_top_dut/tx_buf_inst/tx_transmit_inst/tx_en
ftb_uartjuart_top_dutftx_buf_ inst/tx_transmit_inst/tx_data

4. ftb_uartjuart_top_dutftx_buf_instjbx_transmit_inst/tx_rdy
ftb_uartjuart_top_dutfx_buf_inst/tx_transmit_instftx_baud

E ftb_uartfuart_top_dutftx_buf inst/tx_transmit_inst/tx_rst
£

F1-4 ftb_uart/uart_top_dut/tx_buf inst/tx_transmit_inst/tx_len
B4 ftb_uartjuart_top_dut/tx_buf inst/tx_transmit_inst/tx_data_r
B34 tb_uartjuart_top_dut/tx_buf inst/tx_transmit_nst/be_st
-4 /tb_uartjuart_top_dut/tx_buf inst/tx_transmit_inst/tx_st_nxt

"
Figure 10.4 Serial port sending ModelSim 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)
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The fourth step: UART receiving module design
(D 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

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
(sync_dtc)

B. Receive start bit (start)
C. 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 rdreq in the read port

B. Steps:
a. Initialization: fifo, rx_phy
b.  Wait: FIFO full signal (wrfull) is 0
c.  Write: Triggered by rx_phy_byte, rx_phy_rdy of rx_phy:
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d. End of writing

e. Backto step b and continue to wait

bl

rx_buf.v source program (Reference to project files)
g. Receive module simulation
Contents and steps
i tx, rx loopback test (assign rx_in = tx_out)

ii. Continue to use the testbench file in the tx section

iii. Write the testbench of rx
h. ModelSim simulation. See Figure 10.5.
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 start and stop

have errors of the receiving end rx_phy

Ill.  Complete the analysis and packaging of the receiving data frame of
rx_buf

IV. Using multi-sampling to design 180° alignment data sampling method,

compare FPGA resources, timing and data recovery effects

rx_buf
nx_phy
[tb_uartjuart_top_dut/rx_buf_inst/sys_dk
[tb_uartjuart_top_dutjrx_buf_instjrx_dk
[tb_uartjuart_top_dut/rx_buf _inst/sys_rst
[tb_uartjuart_top_dut/rx_buf_instfuart_rst
[thb_uartjuart_top_dut/rx_buf_inst/rx_in
[tb_uartjuart_top_dutfrx_buf_instfrx_baud
[tb_uartjuart_top_dutjrx_buf inst/rx_rden
_uartfuart_top_dutfrx_buf_inst/rx_byte

A

b,
44 [tb_uartjuart_top_dutjrx_buf_inst/rc_byte_rdy
b,

_uartjuart_top_dutjr_buf_inst/wr_ful
[tb_uartjuart_top_dut/rx_buf_inst/rd_empty
[tb_uartjuart_top_dutjrx_buf_inst/wr_cr
tb_uartjuart_top_dut/rx_buf_inst/wr_en
[tb_uartjuart_top_dutirx_buf_inst/wr_data
[tb_uartjuart_top_dutjrx_buf_instjrx_phy_byte
[tb_uartjuart_top_dutirx_bufinst/rx_phy_rdy
[tb_uartjuart_top_dutirx_buf_inst/wr_st
[tb_uartjuart_top_dutjrx_buf_instfwr_st_nxt

Figure 10.5 rx_phy wave form
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10.4 Experiment Verification

(D Hardware interface, FII-PRA040 development board has integrated USB to serial port

conversion

2) Write a hardware test file

UART chip

CP2102

1) Test plan: connect development board CONS8 to host USB interface

2) Using test software such as Tera Term, SSCOM3, 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 hw_tb_uart and instantiate uart_top in it.

6) Set hw_tb_uart to the top level, instantiate the previous program, and then verify it

(3) Pin assighments:
Table 10.1 Serial port experiment pin mapping
Signal Name Network Label FPGA Pin Port Description
Inclk CLK_50M G21 Input clock
rst KEY2 Y6 Reset signal
rx_in TTL_RX E16 Serial data received
tx_out TTL_TX F15 Serial data transmitted

(4) Observe the experiment result

1) Observe the data received by the PC. See in Figure 10.6.

2) Observe the data received by the FPGA with SignalTap Il
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Figure 10.5 Data transmitted by FPGA displayed on the host computer

(5) The receiving part has been skipped here. You are encouraged to try it on your own.
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Experiment 11 IIC Protocol Transmission

11.1 Experiment Objective

@D 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

(1D 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) Program 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 SignalTap Il and verify it with the
display of the segment display.

11.3 Experiment

11.3.1 Introduction of EEPROM and IIC Protocol

» Introduction of EEPROM

EEPROM (Electrically Erasable Programmable Read Only Memory) refers to a charged
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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 24LC02 with a capacity of
256 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 1IC is as follows
1) Busidle state: SDA, SCL are high

2)  Start of IIC protocol: SCL stays high, SDA 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

4) 1IC transmission end bit: SCL is in high level, SDA jumps from low level to high level, and

generates an end flag. See Figure 11.1.

5) SDA must remain unchanged when SCL is high. It changes only when SCL is low

—;“\LQCMM(/J;—

ACKNOWLEDGEMENT ACKNOWLEDGEMENT |

‘ SIGNAL FROM RECEIVER SIGNAL FROM RECEIVER |

st | s | 1 N ____/7 8 9 1 2 3-8 9 [ p |
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 1IC

11.3.2 Hardware Introduction

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 24LC02 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.
EEPROM reads and writes data from the FPGA through the /12C_SCL clock line and the 12C_SDA data

line.
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11.3.3
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Introduction to the program
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Figure 11.2 EEPROM schematics of 1IC device

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

);

module iic_com(

input
input
input
input
inout
inout
output

reg

output

[7:0]

[7:0]

clk,
rst_n,
data,
swl,sw2,
scl,

sda,
iic_done,

dis_data

The input 8-bit data is needed to be written into the EEPROM, provided by an 8-bit DIP

switch.

Step 2: Create clock 12C_CLK

reg

[2:0]

cnt;

137 / 304



reg [8:0] cnt_delay;
reg scl_r;
reg scl_link;
always @ (posedge clk or negedge rst_n)
begin
if (Irst_n)
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 negedge rst_n)

begin
if (Irst_n)
cnt <= 3'd5;
else begin
case (cnt_delay)
9'd124: cnt<=3'dl; //cnt=1:scl
9'd249: cnt<=3'd2; //cnt=2:scl
9'd374: cnt<=3'd3; //cnt=3:scl
9'd499: cnt<=3'd0; //cnt=0:scl
default: cnt<=3'd5;
endcase
end
end
“define SCL_POS (cnt==3'd0) //cnt=0:scl
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‘define SCL_HIG (cnt==3'd1) //ent=1:scl
‘define SCL_NEG (cnt==3'd2) //cnt=2:scl

‘define SCL_LOW (cnt==3'd3) //cnt=3:scl

always @ (posedge clk or negedge rst_n)
begin
if (Irst_n)
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;

First, use the system 50 MHz clock to get a 100 kHz clock with a period of 10us by frequency
division as the transmission clock of the IIC protocol. Then, the rising edge, the high state, the
falling edge and the low state of the clock are defined by the counter, prepared for the
subsequent data reading and writing and the beginning of the IIC protocol. The last line of code
means to define a data valid signal. Only when the signal is high, that is, when the data is valid,
the IIC clock is valid again, otherwise it is in high impedance. This is also set according to the IIC

transport protocol.

The third step: specific implementation of I12C transmission

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

‘define  BYTE_ADDR 8'pb0000_0011

parameter IDLE =4'do;
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parameter START1 =4'dl;
parameter ADD1 =4'd2;
parameter ACK1 =4'd3;
parameter ADD2 =4'd4;
parameter ACK2 =4'd5;
parameter START2 =4'd6;

parameter ADD3 =4'd7;

parameter ACK3 =4'ds;
parameter DATA =4'd9;
parameter ACK4 =4'd10;

parameter STOP1 =4'd11;

parameter STOP2 =4'd12;

reg [7:0] db_r;

reg [7:0] read_data;
reg [3:0] cstate;

reg sda_r;

reg sda_link;
reg [3:0] num;

always @ (posedge clk or negedge rst_n)
begin

if (Irst_n) begin

cstate <= IDLE;
sda_r <=1'b1;
scl_link <=1'bl;
sda_link <=1'bl;
num <=4'd0;
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read_data <= 8'b0000_0000;
cnt_5ms <=20'h00000;
iic_done <=1'b0;
end
else case (cstate)
IDLE :
begin
sda_link <=1'b1;
scl_link <=1'b1;
iic_done <=1'b0;
if (swl_r || sw2_r) begin
db_r<="DEVICE_WRITE;
cstate  <=STARTL;
end
else cstate <= IDLE;
end
START1
begin
if (SCL_HIG) begin

sda_link <=1'b1;

sda_r <=1'b0;
num <=4'd0;
cstate <= ADD1;

end

else cstate <= START1;
end
ADD1

begin
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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'bl;
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
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cstate <= ADD2;
db_r<="BYTE_ADDR;
end
else cstate <= ACK1;
end
ADD2
begin
if ("'SCL_LOW) begin
if (num == 4'd8) begin
num <=4'do;
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
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cstate <= ADD2;
end
end
else cstate <= ADD2;
end
ACK2
begin
if ('SCL_NEG) begin
if (swl_r) begin
cstate <= DATA;
db_r<=data_tep;
end
else if (sw2_r) begin
db_r<="DEVICE_READ;
cstate <= START2;
end
end
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;
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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 (num)
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
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else cstate <= ADD3;

end
ACK3
begin
if ('SCL_NEG) begin
cstate <= DATA;
sda_link <=1'b0;
end
else cstate <= ACK3;
end
DATA
begin

if (sw2_r) begin
if (num <= 4'd7) begin
cstate <= DATA;

if('SCL_HIG) begin

num <= num + 1'b1;

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

endcase
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end
end
else if(("SCL_LOW) && (num == 4'd8)) begin
num <=4'd0;
cstate <= ACK4;
end
else cstate <= DATA;
end
else if (swl_r) begin
sda_link <= 1'b1;
if (num <=4'd7) begin
cstate <= DATA;
if ("SCL_LOW) begin
sda_link <=1'b1;
num <=num + 1'bl;
case (num)
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
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else if (("'SCL_LOW) && (num==4'd8)) begin
num <=4'd0;
sda_r <=1'b1;
sda_link <=1'b0;
cstate <= ACK4;
end
else cstate <= DATA;
end
end
ACK4
begin
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;
end

else if ("'SCL_HIG) begin

sda_r <=1'b1;
cstate <=STOP2;
end
else cstate <= STOP1;
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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 sda_r is pulled high, clock and data are both valid, i.e. scl_link, sda_link are high;
counter num is cleared and read_data is 0. 5ms delay counter is cleared, IIC transmission end
signal lic_done is low thus invalid.

(D IDLE state: When receiving the read enable or write enable signal sw1_r || sw2_r,
assign the write control word to the intermediate variable db_r <= "DEVICE_WRITE, and
jump to the start state STARTY;

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 ADD1;

(3) Device address status ADD1: After the write control word (device address plus one ‘0’
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bit) is transmitted according to MSB (high order priority), the sda_link is pulled low causing
data bus in a high impedance state, and jump to the first response state ACK1, waiting for
the response signal from the slave (EEPROM).

(4) The first response status ACK1: If the data line is pulled low, it proves that the slave
receives the data normally, otherwise the data is not written into EEPROM, and then the
rewriting or stopping is decided by the user. There is no temporary judgment and processing
here, jump directly to the write register address state ADD2, and assign the address
BYTE_ADDR written to the intermediate variable (this experiment writes the data into the
third register, i.e. BYTE_ADDR = 0000_0011)

(5) Register address status ADD2: Same as (3), it transfers register address to slave and
jump to second response status ACK2

(6) The second response state ACK2: At this time, it is urgent to judge. If it is the write state
swl, it jumps to the data transfer state DATA, and at the same time assigns the written data
to the intermediate variable. If it is the read state sw2, it jumps to the second start state
START2 and assign the read control word to the intermediate variable.

(7 The second start state START2: it produces a start signal identical to (2) and jumps to
the read register address state ADD3

(8) Read register address status ADD3: it jumps to the third response status ACK3S after
the transfer of the register address that needs to be read out

(9) The third response state ACK3: it jumps directly to the data transfer state DATA. In the
read state, the data to be read is directly read out immediately following the register
address.

(10)  Data transfer status DATA: it needs to be judged here. If it is the read status, the data
will be directly output. If it is the write status, the data to be written will be transferred to
the data line SDA. Both states need to jump to the fourth response state. ACK4

(11)  The fourth response status ACK4: it direct jumps to stop transmission STOP1

(12)  Stop transmission STOP1: it pulls up data line when the clock line is high, generating a
stop signal, and jumps to the transfer completion status STOP2

(13)  Transfer completion status STOP2: it releases all clock lines and data lines, and after a
5ms delay, returns to the IDLE state to wait for the next transfer instruction. This is because
EEPROM stipulates that the interval between two consecutives read and write operations
must not be less than 5ms.

11.4 Experiment Verification
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The first step: pin assignments

Table 11.1 IIC protocol transmission experiment pin mapping

Signal Name Network Label FPGA Pin Port Description
clk CLK_50M G21 System clock 50 MHz
rst_n PB3 Y6 Reset
sm_db[0] SEG_PA B15 Segment a
sm_db [1] SEG_PB E14 Segment b
sm_db [2] SEG_PC D15 Segment c
sm_db [3] SEG_PD C15 Segment d
sm_db [4] SEG_PE F13 Segment e
sm_db [5] SEG_PF E11 Segment f
sm_db [6] SEG_PG B16 Segment g
sm_db [7] SEG_DP Al6 Segment h
sm_csl_n SEG_3V3 D1 D19 Segment 1
sm_cs2_n SEG_3V3_DO F14 Segment O
data [0] SWO0 uili Switch input
data [1] SW1 Vi1 Switch input
data [2] SW2 u10 Switch input
data [3] SW3 V10 Switch input
data [4] SW4 V9 Switch input
data [5] SW5 w8 Switch input
data [6] SW6 Y8 Switch input
data [7] SW7 W6 Switch input
swl PB4 AB4 Write EEPROM button
sw2 PB6 AA4 Read EEPROM button
scl 12C_SCL D13 EEPROM clock line
sda 12C_SDA Ci13 EEPROM data line

151 / 304




Step 2: board verification

After the pin assignment is completed, the compilation is performed, and the board is

verified after passing.

After the board is programmed, press the LEFT key to write the 8-bit value represented by
SW7~SWO0 to EEPROM. Then press the RIGHT key to read the value from the write position.
Observe the consistency between the value displayed on the segment display on the experiment
board and the value written in the 8'h03 register of the EEPROM address (SW7~SWO) (this
experiment writes 8'h34). The read value is displayed on the segment display. The experimental

phenomenon is shown in Figure 11.3.
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Figure 11.3 Observe experiment result
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Experiment 12 AD, DA Experiment

12.1 Experiment Objective

Since in the real world, all naturally occurring signals are analog signals, and all that are
read and processed in actual engineering are digital signals. There is a process of mutual
conversion between natural and industrial signals (digital-to-analog conversion: DAC, analog-to-

digital conversion: ADC). The purpose of this experiment is as follows:

@D Learn about the theory of AD conversion

(2) Review the knowledge of the IIC protocol learned in the previous experiment and write
the data into PCF8591 on the development board.

(3) Read the value of AD acquisition from PCF8591, and convert the value obtained into
actual value, display it with segment display

12.2 Experiment Implement

&D) The ADC port of the chip is used for analog-to-digital conversion. The chip is correctly
configured. Three variable (potentiometer, photoresistor, thermistor) voltages on the
development board are collected, and the collected voltage value is displayed through the

segment display.

(2) Board downloading verification, compared with resistance characteristics, verify the

correctness of the results

12.3 Experiment

12.3.1 Introduction to AD Conversion Chip PCF8591

The PCF8591 is a monolithically integrated, individually powered, low power consuming, 8-
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bit CMOS data acquisition device. The PCF8591 has four analog inputs, one analog output, and
one serial IIC bus interface. The three address pins AO, A1 and A2 of the PCF8591 can be used for
hardware address programming. The address, control signals and data signals of the input and
output on the PCF8591 device are transmitted serially via the two-wire bidirectional IIC bus.
Please refer to the previous experiment 11 for the contents of the IIC bus protocol. After the
device address information and the read/write control word are sent, the control word
information is sent.

7 6 5 4 3 2 1 0
v J . .
Analog Output Analog Input Automatic A/D  Channel
Enable Selection Gain Flag Number

Figure 12.1 PCF8591 address

The specific control word information is shown in Figure 12.1. Digit 1 - digit 0 is used for four
channel settings, digit 2 is for automatic gain selection, ‘1’ is valid. Digit 5 - digit 4 determines
analog input selection. Digit 6 is analog output enable. Digit 7 and digit 3 are reserved to be ‘0’
The second byte sent to PCF8951 is stored in the control register to control the device
functionality. The upper nibble of the control register is used to allow the analog output to be
programmed as a single-ended or differential input. The lower nibble selects an analog input
channel defined by the high nibble. If the auto increment flag is set to 1, the channel number will
be automatically incremented after each A/D conversion.

In this experiment, the input channel is selected as the AD acquisition input channel by
using the DIP switch (SW1, SWO0). The specific channel information is shown in Table 12.1. The
control information is configured as 8'h40, which is the analog output, and defaults to “00”

channels, which means that the photoresistor voltage value is displayed by default.

Table 12.1 Channel information

SW1, SWO Channel Selection Acquisition Object
00 0 Voltage of photoresistor
01 1 Voltage of thermistor
10 2 Voltage of potentiometer
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12.3.2 Hardware Design
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Figure 12.2 Schematics of the AD/DA converter

The schematics of AD/DA conversion using PCF8591 is shown in Figure 12.2. The IIC bus goes
through two pull-up resistors and pulls high when not working. A0, A1, A2 are grounded, so the
device address is 7'b1010000, the analog input channel AINO is connected to the photoresistor,
AIN1 is connected to the thermistor, and AIN3 is connected to the potentiometer. When the
channel is selected, FPGA will read the value in PCF8591 through the data bus ADDA_[2C_SLC for
processing.

Introduction to the Program

This experiment also uses the 1IC bus to control the PCF8951 chip, so the program is
basically the same as Experiment 11. Only parts difference from Experiment 11 are indicated

here.
reg [7:0] read_data_temp [15:0];
reg [11:0] dis_data_temp;

always @ (posedge clk)
dis_data_temp <= read_data_temp[0] + read_data_temp[1] + read_data_temp[2]
+read_data_temp[3] + read_data_temp[4] + read_data_temp(5]
+ read_data_temp[6] + read_data_temp[7] + read_data_temp(8]
+read_data_temp[9] + read_data_temp[10] + read_data_temp[11]

+read_data_temp[12] + read_data_temp[13] + read_data_temp[14]
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+ read_data_temp[15];
always @ (posedge clk )
dis_data <= dis_data_temp >> 4;
integer  i;
always @ (posedge clk or negedge rst_n)
begin
if (Irst_n) begin
for (i=0;i<16;i=i+1)
read_data_templ[i] <= 8'h00;
end
else if (iic_done) begin
for (i=0;i<15;i=i+1)
read_data_templ[i+1] <= read_data_templi];
read_data_temp[0] <=read_data;
end
else begin
for (i=0;i<16;i=i+1)
read_data_temp[i] <= read_data_templi];
end

end

The role of this part is that when the chip continuously collects the voltage value across the
resistor, due to a series of unstable factors, the voltage value will be unstable, so the output value
will have a large error, so 16 sets of data is collected each time, then gets averaged, and the result
is output as the voltage value across the resistor at this time. Then, by the change of the voltage
value, it is possible to judge the regular pattern. Such as photoresistor, the greater the light
intensity, the smaller the voltage value, the smaller the resistance value, satisfying the
photoresistor characteristics; the higher the thermistor temperature, the smaller the voltage
value, the smaller the resistance, satisfying the photoresistor characteristics; the potentiometer
rotates clockwise, and the voltage increases, the resistance increases; counterclockwise rotating

decreases the voltage, and the resistance decreases.
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The maximum output of the AD chip is an 8-bit digital quantity, but in fact it is not the

required voltage value. It quantifies the voltage value of the range into 256 portions (8-bit binary

number can represent 256 decimal numbers), so further calculations and conversions needs to

be applied when displaying on the segment display.

begin

end

else

V_REF = 12'd3300;

num_t;
numl;
dataO;
datal;
data2;
data3;
data4;

data5;

data5 = num1 / 17'd100000;

data4 = num1 / 14'd10000 % 4'd10;

data3 = num1/10'd1000 % 4'd10;

data2 = numl1/7'd100 % 4'd10;

datal =numl/4'd10 % 4'd10;

parameter

reg [19:0]
reg [19:0]
wire [3:0]
wire [3:0]
wire [3:0]
wire [3:0]
wire [3:0]
wire [3:0]
assign

assign

assign

assign

assign

assign

data0 = num1 % 4'd10;

always @ (posedge clk)

if (Irst_n) begin

num1l <= 20'd0;

num_t <=V_REF * dis_data;

always @(posedge clk or negedge rst_n)
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numl <= num_t >> 4'd8;

end

VCC is 3.3V, so the maximum resistance voltage is 3.3V. The 8-bit data dis_data is multiplied
by 3300 and assigned to numt by 1000 times, which is convenient for display and observation.
The numt is further reduced by 256 times (left shifting 8 bits) to num1, corresponding to 256
guantitized portions of PCF8951. num1 at this time is 1000 times the voltage value of two ends of
the resistor. Display each digit on the segment display, in the order of high to low (data5 to data0)
and add the decimal point (data3) to digit of thousands. At this time, the value displayed by the
segment display is the voltage across the resistor value and correct to 3 decimal places.

12.4 Experiment Verification

The first step: assign the pin

Table 12.2 AD conversion experiment pin mapping

Signal Name Network Label FPGA Pin Port Description
clk CLK_50M G21 System clock 50 MHz
rst_n PB3 Y6 Reset
sm_db[0] SEG_PA B15 Segment a
sm_db [1] SEG_PB E14 Segment b
sm_db [2] SEG_PC D15 Segment c
sm_db [3] SEG_PD C15 Segment d
sm_db [4] SEG_PE F13 Segment e
sm_db [5] SEG_PF E11 Segment f
sm_db [6] SEG_PG B16 Segment g
sm_db [7] SEG_DP Al6 Segment h
sel[0] SEG_3V3_DO F14 Bit selection 0
sel[1] SEG_3V3 D1 D19 Bit selection 1
sel[2] SEG_3V3_D2 E15 Bit selection 2
sel[3] SEG_3V3 D3 E13 Bit selection 3
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sel[4] SEG_3V3_D4 F11 Bit selection 4
sel[5] SEG_3V3 D5 R12 Bit selection 5
data[0] SWO0 Uil Swicth input
data[1] Swi Vil Swicth input
data[2] SW2 u1o0 Swicth input
data[3] SW3 V10 Swicth input
data[4] sSw4 V9 Swicth input
data[5] SW5 w8 Swicth input
data[6] SW6 Y8 Swicth input
data[7] SW7 W6 Swicth input
scl ADDA_12C_SCL C20 PCF8591 clock line
sda ADDA_I2C_SDA D20 PCF8591 data line

Step 2: board verification

After the pin assignment is completed, the compilation is performed, and board is verified

after passing.

Under the default state, that is, the channel selection is “00”, the segment display shows the

current ambient brightness state, the voltage value across the photoresistor is 2.010V, as shown

in Figure 12.3.
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Figure 12.3 Photoresistor test phenomenon

When the channel selection is “01”, the segment display shows the current ambient

temperature, the voltage across the thermistor is 2.926V, as shown in Figure 12.4,

USB YO UART
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Figure 12.4 Thermistor experiment phenomenon

160 / 304



When the channel is selected as “10”, the segment display shows the current resistance
value, and the voltage across the potentiometer is 1.456 V, as shown in Figure 12.5.
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Figure 12.5 Potentiometer experiment phenomenon
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Experiment 13 HDMI Display

13.1 Experiment Objective

@D Review IIC protocol
2) Review EEPROM read and write

(3) Learn HDMI principle

13.2 Experiment Implement

Display different image content on the screen through the HDMI.

13.3 Experiment

13.3.1 Introduction to HDMI and ADV7511 Chip

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 DO-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]) Ox0
data, 0x16 [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.
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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 OXAF [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.

13.3.2 Hardware Design

The onboard HDMI module consists of an HDMI interface and an ADV7511 chip. The physical
photo is shown in Figure 13.1. The schematics is shown in Figure 13.2.
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Figure 13.1 HDMl interface and ADV7511 chip physical photo
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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.

13.3.3 Introduction to the Program

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 (
input
input
input
output
output

output [7:0]

rst_n,
clk_in,
key1,
vga_hs,
vga_vs,

vga_r,
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output [7:0] vga_g,
output [7:0] vga_b,
output vga_clk,
inout scl,
inout sda,
output en

);

The FPGA configures the ADV7511 chip through the IIC bus (clock line scl/, data line sda).
After the configuration is completed, the output image information needs to be determined.
Taking the 1080P (1920*1080) image format as an example, it outputs data signal rgb_r (red
component), rgb_g (green component), rgb_b (blue component), a line sync signal rgb_hs, a field
sync signal rgb_vs, and a clock rgb_clk signal. 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) and begin to fill the next line after completing one line, in a certain order (from top to
bottom) to finish 1080 lines, so that 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 diagram of the horizontal and vertical

scan is shown in Figure 13.3, Figure 13.4.
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Figure 13.3 Horizontal synchronization
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Figure 13.4 Vertical synchronization

The second step: data definition of 1080p image timing generation
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Horizontal line scan parameter setting 19201080 60 Hz  clock 130 MHz

parameter LinePeriod =2000; // Line period

parameter H_SyncPulse = 12; // Line sync pulse (Sync a)
parameter H_BackPorch = 40; // Display back edge (Back porch b)
parameter H_ActivePix =1920; // Display interval c

parameter H_FrontPorch= 28; // Display front edge (Front porch d)
parameter Hde_start =52;

parameter Hde_end =1972;

Vertical scan parameter setting 1920*1080 60Hz

parameter FramePeriod = 1105; //Frame period

parameter V_SyncPulse =4; // Vertical sync pulse (Sync o)
parameter V_BackPorch = 18; // Display trailing edge (Back porch p)
parameter V_ActivePix = 1080; //Display interval q

parameter V_FrontPorch= 3; // Display front edge (Front porch r)
parameter Vde_start  =22;

parameter Vde_end =1102;

reg [12:0] x_cnt;

reg [10:0] vy_cnt;

reg [23:0] grid_data_1;

reg [23:0] grid_data_2;

reg [23:0] bar_data;

reg [3:0] rgb_dis_mode;

reg [7:0] rgb_r_reg;

reg [7:0] rgb_g_reg;

reg [7:0] rgb_b_reg;

reg hsync_r;

reg vsync_r;
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reg hsync_de;

reg vsync_de;

reg [15:0] keyl counter;
wire locked;

reg rst;

wire [12:0] bar_interval;

assign bar_interval = H_ActivePix[15: 3];

//Button

//Color strip width

The third step: Generate display content

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

end

always @ (posedge rgb_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'b1;
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
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assign en = hsync_de & vsync_de;

always @(posedge rgb_clk)
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) ~ (y_cnt[6] == 1'b1))
grid_data_2 <=24'h000000;
else
grid_data_2 <=24'hffffff;

end

always @ (posedge rgh _clk)
begin
if (x_cnt==Hde_start)
bar_data <= 24'hff0000;
else if (x_cnt == Hde_start + bar_interval)

bar_data <= 24'h00ff00;

else if (x_cnt == Hde_start + bar_interval*2)

bar_data <= 24'h0000ff;

else if (x_cnt == Hde_start + bar_interval*3)

bar_data <= 24'hff00ff;

else if (x_cnt == Hde_start + bar_interval*4)

bar_data <= 24'hffff00;

else if (x_cnt == Hde_start + bar_interval*5)

bar_data <= 24'h00ffff;

// Red strip

// Green strip

// Blue strip

// Purple strip

// Yellow strip

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

else if (x_cnt == Hde_start + bar_interval*7)
bar_data <= 24'hff8000;

else if (x_cnt == Hde_start + bar_interval*8)
bar_data <= 24'h000000;

end

always @ (posedge vga_clk)
begin
if (rst) begin
rgb_r_reg<=0;
rgb_g reg<=0;
rgb_b_reg<=0;
end
else case (vga_dis_mode)
4'b0000 : // Display all black
begin
rgb_r reg<=0;
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

// White strip

// Orange strip

//Black strip
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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'b0101 : // 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'b0110 : // Display square 2
begin
rgb_r_reg <= grid_data_2[23:16];

rgb_g reg <= grid_data_2[15:8];
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rgb_b_reg <= grid_data_2[7:0];
end
4'b0111: // 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];
end
4'b1000 : // Display vertical gradient
begin
rgb_r_reg <=y _cnt[10:3];
rgb_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'b1010 : // 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
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rgb_r_reg <=0;
rgb_g reg<=0;
rgb_b_reg<=x_cnt[10:3];
end
4'b1100 : // 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
end
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;
always @(posedge rgb_clk)
begin
if (keyl == 1'b1)
keyl counter <=0;

else if ((keyl == 1'b0) & (keyl_counter <= 16'd130000))
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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 button is pressed, a keyl signal will be input, and the content displayed on the
screen will change according to the change of vga _dis_mode, and the corresponding picture

content will be displayed.

13.4 Experiment Verification

The first step: pin assignment

Table 13.1 HDMI Experiment Pin Mapping

Signal Name Network Label FPGA Pin Port Description
clk CLK_50M G21 System clock 50 MHz
rst_n PB3 Y6 Reset
en HDMI_R_DE A8 Enable
scl 12C_SCL D13 IIC clock line
sda 12C_SDA C13 IIC data line
keyl PB2 V5 Switch display content
vga_clk HDMI_R_CLK ES HDMI clock
vga_hs HDMI_R_HS B9 Horizontal sync signal
VE_VS HDMI_R_VS A9 Vertical sync signal
vga_b[0] HDMI_R_DO A7
vga_b[1] HDMI_R_D1 B8
vga_b[2] HDMI_R_D2 E9
vga_b[3] HDMI_R_D3 B7 Blue output
vga_b[4] HDMI_R_D4 c8
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vga_bl[5] HDMI_R_D5 C6

vga_bl[6] HDMI_R_D6 F8

vga_b[7] HDMI_R_D7 B6

vga_g|[0] HDMI_R_D8 A5

vga_g[1] HDMI_R_D9 c7

vga_g[2] HDMI_R_D10 D7

vga_g[3] HDMI_R_D11 B5 Green output
vga_g[4] HDMI_R_D12 Cé6

vga_g(5] HDMI_R_D13 A4

vga_g[6] HDMI_R_D14 D6

vga_g[7] HDMI_R_D15 B4

vga_r|[0] HDMI_R_D16 E7

vga_r[1] HDMI_R_D17 A3

vga_r[2] HDMI_R_D18 c4

vga_r[3] HDMI_R_D19 B3 Red output
vga_r[4] HDMI_R_D20 c3

vga_r[5] HDMI_R_D21 F7

vga_r[6] HDMI_R_D22 F9

vga_r(7] HDMI_R_D23 G7

The second step: board verification

After the pin assignment is completed, the compilation is performed, and the development

board is programmed.

Press the push button and the display content changes accordingly. The experimental

phenomenon is shown in the figure below (only a few are listed).

Figure 13.5 HDMI display (all white)
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Figure 13.6 HDMI display (square)

Figure 13.7 HDMI display (color strip)
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Experiment 14 Ethernet

14.1 Experiment Objective

(» Understand what Ethernet is and how it works

(2) Familiar with the relationship between different interface types (MlIl, GMII, RGMII) and
their advantages and disadvantages (FII-PRA040 uses RGMII)

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

14.2 Experiment Implement

(1D Perform a loopback test to check if the hardware is working properly.
(2) Perform data receiving verification
(3 Perform data transmission verification

14.3 Experiment

14.3.1 Introduction to Experiment Principle

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 GMII

and RGMII are commonly used.

MiIl interface has a total of 16 lines. See Figure 14. 1.
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Figure 14.1 Mil interface
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 TX_CLK, active high,
indicating that the data transmitted during TX_ER validity period is invalid. For 10Mbps rate,
TX_ER does not work;

RX_ER(Receive Error): Receive data error prompt signal, synchronized to RX_CLK, active high,
indicating that the data transmitted during the valid period of RX_ER is invalid. For 10 Mbps
speed, RX_ER does not work;

TX_EN(Transmit Enable): Send enable signal, only the data transmitted during the valid
period of TX_EN is valid;

RX_DV(Reveive Data Valid): Receive data valid signal, the action type is TX_EN of 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 TX_CLK clock is 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. RX_CLK is also provided by the PHY side;

CRS: Carrier Sense, carrier detect signal, does not need to synchronize with the reference
clock. As long as there is data transmission, CRS is valid. In addition, CRS is 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 14. 2.
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Figure 14.2 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 GMII interface such as TX_ER, TX_EN, RX_ER, RX_DV, CRS, and COL
function the same as those in the Mll interface. The frequencies of transmitting reference clock
GTX_CLK and the receiving reference clock RX_CLK are both 125 MHz (1000 Mbps / 8 = 125 MHz).

There is one point that needs special explanation here, that is, the transmitting reference
clock GTX_CLK is different from the TX_CLK in the Mll interface. The TX_CLK in the Mll interface is
provided by the PHY chip to the MAC chip, and the GTX_CLK in the GMII interface is provided to
the PHY chip by the MAC chip. The directions are different.

In practical applications, most GMII interfaces are compatible with Mll interfaces. Therefore,
the general GMII interface has two transmitting reference clocks: TX_CLK and GTX_CLK (the
directions of the two are different, as mentioned above). When used as the MIl mode, TX_CLK
and 4 of the 8 data lines are used.

See Figure 14.3 for RGMI!I interface.
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Figure 14.3 RGMII interface
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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, 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. TXD[3:0]/RXD[3:0] in the GMII interface is transmitted on the
rising edge of the reference clock, and TXD[7:4]/RXD[7:4] in the GMII interface is transmitted on
the falling edge of the reference clock. RGMI is also compatible with both 100 Mbps and 10 Mbps
rates, with reference clock rates of 25 MHz and 2.5 MHz, respectively.

The TX_EN signal line transmits TX_EN and TX_ER information, TX_EN is transmitted on the
rising edge of TX_CLK, and TX_ER is transmitted on the falling edge. Similarly, RX_DV and RX_ER
are transmitted on the RX_DV signal line, and RX_DV is transmitted on the rising edge of RX_CLK,
and RX_ER is transmitted on the falling edge.

14.3.2 Hardware Design
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Figure 14.4 Schematics of RTL8211E-VB

The RTL8211E-VB chip is used to form a Gigabit Ethernet module on the experiment board.
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The schematics is shown in Figure 14.4. The PHY chip is connected to the FPGA by receiving and
transmitting two sets of signals. The receiving group signal prefix is RGO_RX, and the transmitting
group signal prefix is RGOTX, which is composed of a control signal CTL, a clock signal CK and four
data signals 3-0. RGO_LEDO and RGO_LED1 are respectively connected to the network port yellow
signal light and green signal light. At the same time, the FPGA can configure the PHY chip through
the clock line NPHY_MDC and the data line NPHY_MDIO.

14.3.3 Design of the Program

@D Loopback test design (test1)

The first step: introduction to the program

The loopback test is very simple, which just needs to output the input data directly.

module test1 (

input rst,
input rxc,
input rxdv,
input [3:0] rxd,
output txc,
output txen,
output [3:0] txd,

);

assigh  txd =rxd;

assign  txen = rxdyv;

assign  txc =rxc;

endmodule

(Note: Each program in this experiment contains a smi_ctrl module. In the config folder, it is a
setting module for the PHY chip, so as to solve the problem that some computers cannot connect

to the network port normally, and will not explain in detail)
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The second step: pin assignment

Table 14.1 Ethernet Experiment Pin Mapping

Signal Name Network Label FPGA Pin Port Description
rxc RGMII_RXCK B12 Input data clock
rxdv RGMII_RXCTL Al3 Input data control signal
rxd[3] RGMII_RX3 Al5 Input data bit 3
rxd([2] RGMII_RX2 B14 Input data bit 2
rxd([1] RGMII_RX1 Al4 Input data bit 1
rxd[0] RGMII_RX0 B13 Input data bit 0
txc RGMII_TXCK B20 Output data clock
txen RGMII_TXCTL Al19 Output data control signal
txd[3] RGMII_TX3 B18 Output data bit 3
txd[2] RGMII_TX2 A18 Output data bit 2
txd[1] RGMII_TX1 B17 Output data bit 1
txd[0] RGMII_TXO0 Al7 Output data bit 0
e_mdc NPHY_MDC Cc17 Configuration clock
e_mdio NPHY_MDIO B19 Configuration data

Before verification (the default PC NIC is a Gigabit NIC, otherwise it needed to be replaced).
PC IP address needs to be confirmed first. In the DOS command window, type ipconfig -all
command to check it. Example is shown in Figure 14. 5.

C:\Users\HW-PC»ipconfig -all

Windows IP Configuration

(Preferred)

3 Client DUID
rers

: Enabled
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Figure 14.5 PC end IP information

To facilitate subsequent experiments, PC is provided a fixed IP address. Take this experiment
as an example, IP configuration is 192.169.0.100(could be revised, but needs to be consistent to
the IP address of target sending module, for Internet Protocol reason, IP address 169.XXX.X.X is
not suggested). Find Internet Protocol Version 4(TCP/IPv4) in Network and Sharing center. See

Figure 14. 6.

Internet Protocol Version 4 (TCP/IPv4) Properties
General

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

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

IP address: 152 . 168 . 0 . 100||

Obtain DNS server address automatically
(@) Use the following DNS server addresses:
Preferred DNS server: I:l
Alternate DNS server: I:I

[Jvalidate settings upon exit e

Cancel

Figure 14.6 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 IP is set to 192.168.0.2 and the MAC address is set to 00-0A-35-01-FE-CO, (can be
replaced by yourself) as shown in Figure 14. 7, the method is as follows: (Note: Run the DOS
command window as an administrator)

Run the command: ARP -s 192.168.0.2 00-0A-35-01-FE-CO

View binding results: ARP -a
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Select Administrator: Command Prompt

]

hts reserved.

2 ©8-BA-35-01-FE-C@

8.
8.

OO

Figure 14.7 Address binding method 1

If a failure occurs while running the ARP command, another way is available, as shown in
Figure 14.8:

1) Enter the netshiishow in command to view the number of the local connection, such

as the "23" of the computer used this time.
2) Enter netsh -c “ii” add neighbors 23 (hnumber) “192.168.0.2” “00-0A-35-01-FE-C0”

3) Enter arp -a to view the binding result

i show in

Figure 14.8 Address binding method 2

Next, we also use the DOS command window for connectivity detection, as shown in Figure
14. 9. Ping is an executable command that comes with the Windows family. Use it to check if the
network can be connected. It can help us analyze and determine network faults. Application
format: Ping IP address (not host computer IP).
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= CAWINDOWS system32\cmd.exe - ping 169.254.143.177 -t

||
1|
1|
1
1|
1|
||

r"I;II'I] d
Figure 14.9 Send data

Start SignalTap Il, after sending the command, as shown in Figure 14. 10. The data is
ordinary and the hardware is intact seen from the screenshot.

log: Trig @ 2019/05/10 14:44:16 (0:0:34 4 elapsed)

TYHEAU55| Name 2 PR PO I P AP N ) PO R DR R P I P PR S R TR
*' ridv

teen

%

2

B - md[3..0] Dh sh Dh, Fh 7hAFh)ARS 1/ 6hAoh ) Ahfshf oh Jehjiohf ah oh i ahdFhjAhjA1hd6hohf 2k 8hj 2h
5 % d[3.0] h s )

Figure 14.10 SignalTap Il data capture

(2) Special IP core configuration (test2)

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
Installed IP > Library > Basic Functions > 1/0 to find ALTDDIO_IN and ALTDDIO_OUT. To
implement it, IP core (ddio_in) is called, and after internal data processing, IP core is passed
(ddio_out) to convert 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 ddio for conversion at the same time. The specific settings are shown in Figure
14.11 and Figure 14. 12,
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“{ MegaWizard Plug-In Manager

_a ALTDDIO_IN

Currently selected device family: -

ddio_in
- Match project/default

atain[4..0
inclock

r Asynchronus dear and asynchronous set ports

() Use 'adr’ port
() Use ‘aset’ port
(®) Not used
[ Registers power up high

r Synchronous dear and synchronous set ports

[[] Use 'indacken’ port
] Invert input dock

[ cancel || < Back | [next > ][ Finish |

Figure 14.11 ddio_in setting

“§, MegaWizard Plug-In Manager

’ d ALTDDIO_OUT

Currently selected device family: -,

ddic_out
- W Match project/default

atain_h[4..0
atain_[[4..0
utclock

Asycnhronus dear and asynchronous set ports

() Use ‘adr’ port
() Use 'aset’ port
(®) Mot used
[ Registers power up high

[[] Use 'outclocken’ port
[] Invert 'dataout’ output

[ cancel |[ < Back |[ext > | Enish |

Figure 14.12 ddio_out setting
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Considering that the driving ability of the clock provided by the PHY chip is relatively poor,
after the phase-locked loop processing, unlike the prior part, the input clock rxc selects the
homologous input, as shown in Figure 14. 13, and outputs CO clock ddio_clk as the driving clock
of two ddio IP cores. As shown in Figure 14. 14, outputs the C1 clock txc as the data transmission
clock (note that due to hardware circuit and timing reasons, txc needs to be 90° phase
difference). See Figure 14. 15.

“« MegaWizard Plug-In Manager [page 1 of 12] ? X

‘& ALTPLL

Currently selected device family: Cydone 10 LP

Match project/default

Able to implement the requested PLL

General

Which device speed grade will you be using? Any -

Use military temperature range devices only

What is the frequency of the inck0 input? 125,000 MHz

Setup PLL in LVDS mode Data rate: |Not Available Mbps
PLL Type
Which PLL type will you be using?

Fast PLL Enhanced PLL (®) Select the PLL type automatically

How will the PLL outputs be generated?
(®) Use the feedback path inside the PLL
(O In normal mode

@ In source-synchronous compensation Modge
() In zero delay buffer mode

- - port (bidirectional)
() with no compensation
Create an 'fbin' input for an external feedback (External Feedback Mode)
Which output dock wil be compensated for? o -

| Cancel H < Back H Mext = || Finish |

Figure 14.13 PLL input clock setting
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% MegaWizard Plug-In Manager [page 6 of 12]

ﬂ ALTPLL

c0 - Core/External Qutput Clock

PLL Able to implement the requested PLL
Use this dock
inclkd ~ o, Clock Tap Settings
reset = Requested Settings Actual Settings
lo cked: (®) Enter output dock frequency: 125.00000000 |MHz = 125.000000

() Enter output dock parameters:
Clock multiplication factor
F Clock division factor 1

Clock phase shift _ deg -
ok e 09 ETmmIS

1 -

.| =<Copy

i
il

Description Wall
Mote: The displayed internal settings of the Primary dock VCO frequency (MHz) 52
PLL is recommended for use by advanced Modulus for M countter 5 o
users only ( tc = : oy

Per Clock Feasibility Indicators
cd ol

| Cancel H < Back H Mext > H Finish ‘

Figure 14.14 PLL output clcok(c0) setting

“« MegaWizard Plug-In Manager [page 7 of 12]

"ﬂ ALTPLL

[3] Cutput

¢1 - Core/External Output Clock

PLL Able to implement the requested PLL
Use this dock
inclki) Clock Tap Settings :
reset Requested Settings Actual Settings
(® Enter output dack frequency: 125.00000000 |MHz ~ 125,000000
(O Enter output dock parameters: — I:l
Clock multplication factor :
<< Coy
e Clock division factor 1 ol ]

Clock phase shift deg T
Clock duty cyde (%)

Description Vall A
Mote: The displayed internal settings of the |~ ™'Y dock VCO frequency (MHz) 62,
PLL is recommended for use by advanced Modulus for M counter 5
T TR — .

Per Clock Feasibility Indicators
0

[[cancel | [ <Bock | [ mext> | [ ainish |

Figure 14.15 PLL output clcok(c1) setting

The three IP cores are instantiated into the previous loopback test, and the data
transmission correctness test is performed. (It is necessary to notice the ordered timing. The
ddio_out input data needs to be reversed. For details, refer to the project file (test2)). This time a

network debugging assistant applet is used as an aukxiliary testing tool. Program the board and
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verify it.

As shown in Figure 14.16, after setting the correct address and data type, we send the
detection information (love you!) through the host computer. The data packet is captured by

Wireshark, as shown in Figure 14.17. The data is correctly transmitted back to the PC.

TEP/UDP Net'Assistant

efting: [ Data Recei

(1] Protacal \
UDP -

2) Local host addr

169.254.167.8 -

3) Lacal host part

5080

© Disconnect

| RecvOptions

I~ Receive tofile..
v Auto linefeed

I~ Show timestamp
I” Receive as hex

I Pause receive

Save... Clear

Send Options |
™ Data from file ...
™ Auto checksum
I Auto clear input
I” Send as hex

I~ Send cyclic Remote: |192.168.0.2 8080 =] &I

Interval |10 ms love you!

Load... Clear

Send

1# Pull-down memu.. | Send 45 | Recv:0

Figure 14.16 Host computer sends the test data

Reset

A

M Ethemet 2
LN BEREBRe2=F LS EQQaQH
M [ Apply a display filter ... <Ctrl-/>
Nao. Time Source Destination Pratocol  Length Info
1 0.000000 169.254.157.8 192.168.0.2 UDP 51 8080 > 5080 Len=0
> Frame 1: 51 bytes on wire (488 bits), 51 bytes captured (488 bits) on interface @
> Ethernet II, Src: Micro-St_19:29:d@ (@@:d8:61:19:a9:d8), Dst: Xilinx B1:fe:c® (80:8a:35:81:fe:cB)
> Internet Protocol Version 4, Src: 169.254.157.8, Dst: 192.168.9.2
> User Datagram Protocol, Src Port: 8888, Dst Port: 3888
> Data (9 bytes)

@0a@ @0 @a 35 @l fe c@ 6@ d5 61 19 a9 de @5 6@ 45
@018 @8 25 63 d1 @@ 0@ 8@ 11 @@ 08 a9 fe 9d BS c@ a8
ep e2 1f 9@ 1f 92 @@ 11 @7 d2 6c 6f 76 65 20 79
&f 75 21 ou!

Figure 14.17 Correct reception of data on the PC side
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(3) 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, we store
the data transmitted by the PC first in the RAM. After reading via the transmitting end, send
it to the PC. For a series of data unpacking and packaging, refer to the project file

"ethernet". A brief introduction to each module follows.

1) Data receiving module (ip_receive)

The problem to be solved by this module is to detect and identify the data frame,

unpack the valid data frame, 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

rx_state <= six_55;

//First 55 received
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mydata <= {mydata[23:0], datain[7:0]};
end
else
rx_state <= idle;
end

end

six_55
begin // 6 0x55 received
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 //A 0xd5 received
if ((datain[7:0] == 8'hd5) && (e_rxdv == 1'b1))
rx_state <= rx_mac;
else
rx_state <= idle;

end
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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 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[7:01};

state_counter <= state_counter+1'b1;
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end
else begin
IP_Prtcl <= {mylP_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;

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;
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end

rx_UDP_layer :
begin // Accept 8-byte UDP port number and UDP packet length
rx_total_length <= IP_layer[143:128];
pc_IP <= 1IP_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[7:01};
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
if (data_counter == rx_data_length-9) begin //Save last data

data_counter <=0;
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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,
//add ‘0’
byte_counter <=0;
end
else if (byte_counter==3'd1) begin
data_o <= {mydata[7:0], datain[7:0], 16'h0000}; //Lessthan
//32-bit, add ‘0’
byte_counter <=0;
end
else if (byte_counter==3'd0) begin

data_o <= {datain[7:0], 24'h000000}; //Less than 32-bit,
//add ‘0’

byte_counter <=0;
end
end
else begin
data_counter <= data_counter + 1'b1;
if (byte_counter < 3'd3) begin
mydata <= {mydata[23:0], datain[7:0]};

byte_counter <= byte_counter + 1'b1;
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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; // Accept 4bytes of data, write
//RAM request

ram_wr_addr <= ram_wr_addr+1'b1;

end
end
end
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.

Idle state: If ‘55’ is received, it jumps to the six_55 state.

196 / 304



Six_55 state: If it continues to receive six consecutive 55s, it will jump to the spd_d5 state,
otherwise it will return the idle state.

Spd_d5 state: 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 rx_mac, otherwise it returns the
idle transition.

rx_mac state: This part is the judgment of the target MAC address and the source MAC
address. If it matches, it will jump to the rx_IP_Protocol state, otherwise it will return the idle
state and resend.

rx_IP_Protocol state: Determine the type and length of the packet and jump to the
rx_IP_layer state.

rx_IP_layer state: Receive 20 bytes of UDP virtual header and IP address, jump to
rx_UDP_layer state

rx_UDP_layer state: Receive 8-byte UDP port number and UDP packet length, jump to

rx_data state
Rx_data state: Receive UDP data, jump to rx_finish state

Rx_finish state: A packet of data is received, and it jumps to the idle state 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
//character “d5”

preamble[1] <= 8'h55;
preamble[2] <= 8'h55;
preamble[3] <= 8'h55;
preamble[4] <= 8'h55;

preamble[5] <= 8'h55;
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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.
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always @ (posedge clk) begin
case (tx_state)
idle :
begin
e_txen <=1'b0;
crcen <= 1'b0;
crere<=1;
i<=0;
dataout <=0;
ram_rd_addr <=1;
tx_data_counter <=0;

if (time_counter == 32'h04000000) begin
//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};
//P total length

ip_header[1][31:16] <= ip_header[1][31:16]+1'b1;

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

ip_header[2] <= 32'h80110000; //mema[2][15:0] protocol: 17(UDP)

ip_header[3] <= 32'hc0a80002;

ip_header[4] <= 32'hc0a80003;

//Wait for the delay, send a data

//Version: 4; IP header length: 20;

// Package serial number

//Fragment offset

//Source MAC address

//Target MAC address
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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'bl;
end
else if(i == 1) begin
check_buffer[15:0] <= check_buffer[31:16] + check_buffer[15:0];
i<=i+1'bl;
end
else begin
ip_header[2][15:0] <= ~check_buffer[15:0]; //header checksum
i<=0;
tx_state <= send55;
end
end
send55
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begin // Send 8 IP preambles: 7 “55”, 1 “d5”

e_txen<=1'bl;

crere <= 1'b1; //reset CRC
if(i == 7) begin
dataout[7:0] <= preambleli][7:0];
i<=0;
tx_state <= sendmag;
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 MAQ

crcre <= 1'b0;

if (i == 13) begin
dataout[7:0] <= mac_addr[i][7:0];
i<=0;
tx_state <= sendheader;

end

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

end

end

//GMII transmitted valid data
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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'bl;

end

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

end

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

end

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

end

end
else begin

if(i == 0) begin

dataout[7:0] <= ip_headerl[j][31:24];

i<=i+1'b1;
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end

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

end

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

end

else if(i == 3) begin

dataout[7:0] <= ip_header[j][7:0];

i<=0;
j<=j+1'bl;
end
end
end
senddata :
begin //Transmit UDP packets
if(tx_data_counter == tx_data_length - 9) begin //Trasnmit last data

tx_state <= sendcrg;
if (i == 0) begin
dataout[7:0] <= datain_reg[31:24];
i<=0;
end
else if (i == 1) begin
dataout[7:0] <= datain_reg[23:16];

i<=0;
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end

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;

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

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];

//Prapare the data

//Send other data package

// Add 1 to the RAM address,
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datain_reg <= datain;

i<=0;
end
end

end

sendcrc
begin
crcen <= 1'b0;

if (i == 0) begin

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'b1;
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'b1;
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;

//Prepare data

//Send 32-bit CRC checksum
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tx_state <=idle;
end
end
end
default tx_state <= idle;
endcase
end

Idle state: Waiting for delay, sending a packet at regular intervals and jumping to the start
state.

Start state: Send the packet header and jump to the make state.
make state: Generates the checksum of the header and jumps to the send55 state.
Send55 status: Send 8 preambles and jump to the sendmac state.

sendmac state: Send the target MAC address, source MAC address and IP packet type, and
jump to the sendheader state.

sendheader state: Sends 7 32-bit IP headers and jumps to the senddata state.
senddata state: Send UDP packets and jump to the sendcrc state.
sendcrc state: Sends a 32-bit CRC check and returns the idle state.

Following the above procedure, the entire packet of data is transmitted, and the idle state 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:
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)
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The PLL, ddio_in, ddio_out, ram, and UDP modules are instantiated to the 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.

14.4 Experiment Verification

The pin assignment of this test procedure is identical to that in Test 1.

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 14.18, the
FPGA is keeping sending information to the PC. The entire transmitted packet can also be seen in
Wireshark, as shown in Figure 14.19.

TCPIUDP Net/Assistant

Settings Data Receive ISAVAGE V4118
(1) Frotocol i%aReceive from 192.168.0.10 :8080iL£0
UDP Welcome to ZGINXP 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!
(e et Welcone to ZGINXP World!

G081 Welcome 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

I~ 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 14.18 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 QaaH
[ 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]

Figure 14.19 Specific information package

When the PC sends data to the FPGA, as shown in Figure 14. 20, the entire packet arrives at
the FPGA, and then the FPGA repackages the received data and sends it to the PC. See Figure 14.
21, the network assistant also receives the transmitted data information accurately, as shown in
Figure 14. 22. Similarly, through SignalTap we can see the process of writing the received data, as
shown in Figure 14. 23.

M "UER (Wireshark 1124 v1.12.4-0-gb4861da from master-1.12)] - [m] x
Hle Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

Co4dmE L BARS

nesoTL (OB Qaam D8 % D

Filters | Expression.. Clear Apply Save
Frame 7: 60 bytes on wire (4| No Time Source Destination Protocol  Length Info ~
Ethernet IT, Src: bd:2e:99:2 1 U.UUUUVLLLL  1YZ. 105, 0. £ 1vz.165.0.3 i Y4 SOUFCE POrT: BUBU DESTINATION POrtT: BUSY
Internet Protocol version 4, 2 0.536933000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080
user Datagram Protocol, src 31.073744000 192.168.0.2 192.168.0.3 upp 94 Source port: 8080 Destination port: 8080
Data (18 by 4 1.610662000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 Destination port: 8080
Data: 6C677665204650474120 52.147487000 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 upe 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 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 Destination port: 8080
16 7.516174000 192.168.0.2 192.168.0.3 upe 60 Source port: 8080 Destination port: 8080
>
0000 00 0a 35 0L fe cO b4 2e 99 20 c4 61 08 00 45 00

35 c0
0010 00 2e 21 a0 00 00 40 11 00 00 cO a8 00 03 cO a8
90 76 65 20 49

O [#f| Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) Profile: Default

Figure 14. 20 PC send data package
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M LRR (Wireshark 1,124 (v1,12.4-0-gb4867da from master-1.12)] - o %
Fle Edit Miew Go Copture Analyze Stafistics Telephony Iools Internals Help

CodE g BEXR| RA¢e+»aTL/BEE QQabl @Bmi B

Fiter: | Expression.. Clear Apply Save

rame 9: 60 bytes on wire (4] No. Time S Destination Protocol  Length Info ~
thernet II, src: xilinx_01: 1 U.UUUUUUULY 192, 108.U. 2 192.165.0. 3 uop Y4 SOUPCE POPT: BUSU DESTINATION POrtT: susy
nternet protocol version 4, 2 0.536933000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 Destination port: 8080
ser Datagram Protocol, Src 31.073744000 192.168.0.2 192.168.0.3 uop 94 source port: 8080 pestination port: 8080
= pata (18 b 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 pestination 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 0a 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 03 1f 90 1f 90 00 la

0030 47 41 20 66 6 6

© | Data (data), 18 bytes Packets: 16 - Displayed: 16 (100.0%) - Dropped: 0 (0.0%) Profile: Default

Figure 14.21 The FPGA repackages the received data and sends it to the PC

CP/UDP Net Assistan

eting: Data Receive YSAVAGE V4 1.0
(1) Protacel i3%Receive from 192.168.0.10 :8080i¢£2

IUDp—Ll ¥elcome to ZGZINEP Yorld!

Yelcome to ZGINEP Vorld!

(B e ety Yelcome to IGINEP Verld!

192 168.010 - Welcome to ZGZINEP World!

Yelcome to ZGZINEP Vorld!

{31 Losal host part Welcome to IGINEP World!

5081 Yelcome to ZGZINEP Vorld!

Welcome to ZIGZINEP Yorld!

: Dissonnact Love FPGA forever!
i Love FPCA forever!

Love FPGA forever!

[Recv Opfions Love FFGA forever!

[~ Receive to file Love FPCA forever!
Love FPGA ferever!

v Auto linefeed
Love FPGA forever!

[~ Show timestamp
I Receive as hex

" Pause receive

Save.. . Clear

rSend Options
[~ Data from file .
[~ Auto checksum
™ Auto clear input
[~ Send as hex

[~ Send cyclic Remote:  |192.168.010 8080 =~ Clean
Interval ~ [10 ms

Load. Clear

Send

1€ Ready! Send: 0 Recv: 318 Reset

4

Figure 14.22 Information received by PC from FPGA

g Trig @ 3018/05/24 1532 38 004 4 slapsed] #1

o 9 % ® w w % W % o & W w o o e o e ¢ o o o o v w % @ # B W
1

oo Con o m n en 3 on 2 om Y on J_7m 3w X o I om e e % on 3 en o mn X an O e mn an Y en J_sn ¥ o
{mh e Y 30n Y_am X teh Y veh ¥ en {_sab ¥_soh Y_vzh vt X _seh X veh i X_teh ¥_ten ¥_ven ¥ an X van )_vih Y 180 ¥ ssh ¥_seh ) _imn ¥ i0n

P — i Cauan Y mm e a3 renJCan_Y_tan e ten i zn X_tan ) ton e ) 1em _tan_ren e X aan ) tan 1 _imn 14 )_tenin
& udgrudp instje_ red(?.6] Can ¥ osn ) com Cetn X e ¥ _gan X_zon ¥ san ¥ son {_amn X_s1n X I_sn ) ¥ _gsh ¥_zen ¥_gsn X_zan X_aan ¥ awn ¥ amn ¥_een Y _san _aan X

wdpudp instlip_receiveipreceive instjdatain(7. 0] CeanCoon X aan Y osn X crn _sch ¥_gen X 7 J_ash X zon ¥ 4on } seh X_azn J_am X i X_7on J_osh ¥_72n {_Ash At ) 3me X_Ean )
udpuds,ins  receve imale, s 1

dBrudp_natp,recanarp,_recenve_instdata_o(31.0] AaAioacer X Scarsesr X Towmsen X Tizsese

dprucp_Instip_receelp_recerve_inst|data_o_valid
udprudp, natlip_meenelp recee instdats_receve

1 ududp, nstp. receiveip._rceve instr
1 udpnudp_nsto.rceiveip_recene instes_totalength[15.0)
udprudp_instidata_o_valid 1 1 1 I |
R ——.

R —————— i X Can X
ukrud, st recenes Can Y

stjstate_countel4 0 _{_oan X_oan X_asn Y oon ¥_ozn m

ties_tata length[15.0] i

Figure 14.23 FPGA end data and stored in the RAM process
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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
be sent should be increased to more than 18 bytes.
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Experiment 15 SRAM Read and Write

15.1 Experiment Objective

(» Learn the read and write of SRAM

(2) Review frequency division, button debounce, and hex conversion experiment content

15.2 Experiment Implement

@D Control the read and write function of SRAM by controlling the button
(2) The data written to the SRAM is read out again and displayed on the segment display

(3) In the process of reading data, it is required to have a certain time interval for each

read operation.

15.3 Experiment

15.3.1 Introduction to SRAM

SRAM (Static Random-Access Memory) is a type of random access memory. The “static”
means that as long as the power is on, the data in the SRAM will remain unchanged. However,

the data will still be lost after power turned off, which is the characteristics of the RAM.

Two SRAMs (IS61WV25616BLL) are on the development board, each SRAM has 256 * 16
words of storage space. Each word is 16-bit. The maximum read and write speed can reach 100

MHz. The physical picture is shown in Figure 15.1.
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Figure 15.1 SRAM physical picture

15.3.2 Hardware Design

As shown in Figure 15.2, a set of control signals (low signal is valid): chip selection signal CE,
read control signal OE, write enable control number WE, and two byte control signals UB and LB,
through CE_N_SRAM, OE_N_SRAM, WE_N_SRAM, UB_N_SRAM, LB_N_SRAM, connect to the
FPGA, and the read and write status is controlled by the FPGA. The address is sent to the SRAM
through the address line A[17:0]. In the write state, the data to be written is sent to the SRAM
through the data line D[15:0], and can be written into the register of the corresponding address;
In the read state, the data in the corresponding address register can be directly read into the
FPGA by the data line.

A[0_18]
Djo_31]
U U1
D0 7 poo Alg |28 AIS D 1 voo AlLS Al
DL 4 AIT b7 8] U ALT
101 Al7 101 Al7
D 3 AIS Dis o ALS
vo2 Als g 102 AlS g
Di T 7 A D10 10 A
D10 o3 als [42AD L 103 AlS
> 20 13 27 _AlL
4 104 Al 104 AlL =
Ds 14| ol TN D21 14 | 1 %6 _AD
105 AL3 1 vos Al |28
D61 25 A1 D 15| 25 A
D 106 AL 106 AlL2
16 o7 Al [ ALL D316 o7 Al (-2 ALL
N Bl - 2
DS 2 ros alo B4 D22 | yog Alo (A0
VCC3v3 D 5 5 A Vegsvs D25 30 ] T AS
i 109 A9 iC3 109 A9
D03 3T A D263l Al
1010 A8 1010 A8
DL 32 | pon A7 |22 A D232 | yo11 a7 A
3 B 5 |
DIy 35| VOl Al 1o 26 Dos 5] 1ol Al 1o a6
D13 36 1;013 AS [ 18 AS R137 LR138 (RI139 D29 3 1013 A5 8 A5
R134 IR135 LR136 Diy_37 o oA 4TK 247K 347K D30 37 | 1614 Al Al
47K S47K §4.7K D15 38 | 1, 4 A3 D31 38 P 4 A3
1015 A3 1015 A3
3 A 5 A
6 | = A2 6 | = A2 A
] & AL 30 | & ALT35
L oe A0 i oe A0
L wE 1 wE
B o
iB iB
3 3 las
S S S VDD aw e g0 g S 0 B 1L v G oo
VDD GND VDD GND
TSBTWN23616BLL SETWVI3616BLT
veesvs
. - - = = VeC3vs 2 - N B g
2 23 3 = 2 2 2 z 2
= o 4 ed od = o4 £l o =
71 7 2 iz 7| 71 @ & 2 7|
-t 4 Z z tz, iz z Z| 4 z
o | I B~ R R o I = == N
3] O = B A 3 ] = =) |

Figure 15.2 Schematics of SRAM

15.3.3 Introduction to the Program
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This experiment will use the frequency division, button debounce, hex conversion and
segment display module. (Refer to the previous experiment for more information) Here SRAM
read and write module is mainly introduced.

The first step: the establishment of the main program framework

module sram (
input IN_CLK_50M, //System clock on board
input [7:1] PB, //Push buttons
output sram0_cs_n, //First SRAM control signal group
output sram0_we_n,
output sram0_oe_n,
output sram0_ub_n,
output sramO_Ib_n,
output sraml_cs_n, //Second SRAM control signal group
output sraml_we_n,
output sraml_oe_n,
output sraml_ub_n,
output sraml_lb_n,
output [17:0] sram_addr, //sram adress signal
inout [31:0] sram_data, //sram data signal
output [5:0] tube_sel, // Segment display control signal
output [7:0] tube_seg
);
endmodule

The inputs are 50 MHz system clock IN_CLK_50M, button module PB[7:1], PB[3] (RETURN)
as external hardware reset, PB[2] (UP) as write control, PB[7] (DOWN) as read control. The output
has two sets of control signals to control two srams respectively, specifically chip selection signal
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sram_cs_n, write control signal sram_we_n, read control signal sram_oe_n, and byte control
sighals sram_ub_n and sram_lb_n, address bus sram_daddr[17:0], data bus Sram_data[31:0], and
the segment display bit selection signal tube_sel[5:0] and the segment selection signal
tube_seg[7:0].

The second step: SRAM read and write module

In this experiment, two SRAMs are used simultaneously and are expanded into a 32-bit wide
data memory.

reg [31:0] wr_data;
reg wr_en;
reg [3:0] state;

reg [7:1] PB_flag;
reg wr_done;
reg rd_done;
reg s_flag;

assign  sram_data =wr_en ? wr_data : 32'hz;

always @ (posedge clk)
begin
if (Irst_n)
begin
wr_done <= 1'b0;
rd_done <=1'b0;
rd_data <=32'd0;

wr_data <=32'd0;

sram0_cs_n <= 1'b1;
sram0_we_n <=1'bl;

sram0_oe_n <=1'bl;
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sram0_ub_n <=1'b1;

sram0_|b_n<=1'bl;

sraml_cs_n<=1'bl;
sraml_we_n<=1'bl;
sraml_oe_n<=1'bl;
sraml_ub_n<=1'b1;
sraml_|b _n<=1'bl;

sram_addr <=18'd0;

wr_en <= 1'b0;
state <= 4'd0;
end
else
case(state)
0
begin
wr_done <= 1'b0;

rd_done <= 1'b0;

sram_addr  <=18'd511;

wr_data <=32'd123456;

if (PB_flag[2])
begin
wr_en <=1'b1;

state <= 4'd1;
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sram0_cs_n <= 1'b0;

sram0_we_n <= 1'b0;
sram0_oe_n<=1'bl;
sram0_ub_n <= 1'b0;

sram0_lb_n <=1'b0;

sraml_cs_n <=1'b0;
sraml_we_n <=1'b0;
sraml_oe_n<=1'bl;
sraml_ub_n <=1'b0;
sraml_Ib_n <= 1'b0;

end

else if (PB_flag[7])
begin
wr_en <= 1'b0;

state <= 4'd2;

sram0_cs_n <= 1'b0;

sram0_we_n <= 1'b1;
sram0_oe_n <= 1'b0;
sram0_ub_n <= 1'b0;

sramO0_Ib_n <= 1'b0;

sraml_cs_n <= 1'b0;
sraml_we_n <= 1'bl;
sraml_oe_n <= 1'b0;

sraml_ub_n <= 1'b0;
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sraml_Ib_n <= 1'b0;
end
else
state<= 4'd0;
end
1
begin
if (sram_addr == 18'd0)
begin
state<= 4'd4;
wr_done <= 1'b1;
wr_en <=1'b0;
end
else
begin
state <=4'd1;
sram_addr  <=sram_addr-1'b1;
wr_data <=wr_data-1'bl;
end
end
2
begin
if (sram_addr == 18'd0)
state<= 4'd4;
else
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state<=4'd2;
if (s_flag)
begin
sram_addr
rd_data
rd_done
end

else

rd_done <=1'b0;

end

4

begin
sram0_cs_n <=1'b1;
sram0_we_n <= 1'b1;
sram0_oe_n <=1'b1;
sram0_ub_n <=1'b1;

sram0_Ib_n<=1'b1;

sraml_cs_n<=1'bl;

sraml_we_n<=1'bl;
sraml_oe_n<=1'bl;
sraml_ub_n<=1'bl;

sraml_Ib_n<=1'b1;

wr_done <= 1'b0;

rd_done <= 1'b0;

<=sram_addr - 1'b1;
<=sram_data;

<=1'b1;
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state <=0;

end

default state <= 0;
endcase

end

In the write state, the write enable wr_en is pulled high. At this time, sram_data is the data
wr_data to be written. In other cases, the write enable is pulled low. In the read state, the data is
directly read into the FPGA by sram_data.

At reset, the SRAM control signals are all pulled high, then jumps to the O state, and the data
is read and written by the state machine.

0 state: an initial address “511” is given, and an initial data “123456”, when the write enable
signal PB_flag[2] is valid, the chip selection signal pulls down the selected SRAM. The write
control signal is pulled low to prepare for write operation, and the read control signal remains
pulled up. Meanwhile, the byte control signal is pulled low, indicating that the high and low two
bytes of data are simultaneously written and then jump to the 1 state. When the read enable
signal PB_flag[7] is active, in contrast to the write enable, the write control signal is held high, the
read control signal is pulled low to prepare for the read operation, and jumps to the 2 state.

1 state: starting from the initial address “511”, writing initial data “123456”, each clock cycle
address and data are simultaneously decremented by one, performing 512 data continuous write
operations. When the register address bit is ‘0’, end the write operation and jum to the 4 state.

2 state: Starting from the initial address “511”, the address is decremented by 1 every 1
second under the control of the second pulse s_flag, and a continuous read operation of 512
data is performed. When the data is completely read, the address jumps to the 4 state when the

address is ‘0.

4 state: The control signals are all pulled high, deactivate the control of the SRAM, jumping
to the ‘0’ state, an waiting for the next operation.

15.4 Experiment Verification

The first step: pin assignment

Table 15.1 SRAM read and write experiment pin mapping
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Signal Name Network Label FPGA Pin Port Description
IN_CLK_50M CLK_50M G21 System clock 50 MHz
PB[1] PB[1] Y4
PB[2] PB[2] V5
PB[3] PB[3] Y6
PB[4] PB[4] AB4 7 push buttons on board
PB[5] PB[5] Y3
PB[6] PB[6] AA4
PB[7] PB[7] AB3
sram0_cs_n CE_N_SRAMO F21
sram0_we_n WE_N_SRAMO B22
sram0_oe_n OE_N_SRAMO F17 First SRAM control signal
sram0_ub_n UB_N_SRAMO K22
sram0_Ib_n LB_N_SRAMO K21
sraml_cs_n CE_N_SRAM1 N22
sraml_we_n WE_N_SRAM1 R19
sraml_oe_n OE_N_SRAM1 Y21 Second SRAM control
signal
sram1_ub_n UB_N_SRAM1 Y22
sraml_Ib_n LB_N_SRAM1 T18
sram_addr[0] A RO J21
sram_addr[1] AR1 H22
sram_addr([2] A R 2 H19
sram_addr(3] AR3 G18
sram_addr[4] AR 4 H17
sram_addr(5] A RS H21
sram_addr([6] A R 6 H20
sram_addr(7] A R 7 F19
sram_addr([8] A R 8 H18
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sram_addr([9] A RS F20 SRAM address line
sram_addr[10] A R_10 w21
sram_addr([11] A R 11 W22
sram_addr[12] A R 12 V21
sram_addr[13] A R 13 u20
sram_addr([14] A R 14 V22
sram_addr[15] A R 15 R21
sram_addr[16] A R 16 u21
sram_addr[17] A R 17 R22
sram_addr[18] A R 18 u22
sram_data[0] DRO F22
sram_data[1] DR1 E21
sram_data[2] DR2 D21
sram_data[3] D R 3 E22
sram_data[4] DR A4 D22
sram_data[5] D R5 C21
sram_data[6] D R_6 B21
sram_data[7] DR7 C22
sram_data[8] D R 8 M16
sram_data[9] D RS9 K19
sram_data[10] D_R_10 M20
sram_data[11] D R 11 M19
sram_data[12] D R 12 L22
sram_data[13] D_R_13 L21
sram_data[14] D R 14 122
sram_data[15] D_R_15 J18
sram_data[16] D R 16 M21 SRAM data line
sram_data[17] D_R_17 K18
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sram_data[18] D _R_18 N21
sram_data[19] D R 19 M22
sram_data[20] D_R_20 P22
sram_data[21] DR 21 P20
sram_data[22] D R 22 R20
sram_data[23] D R 23 P21
sram_data[24] D R 24 w19
sram_data[25] D_R 25 W20
sram_data[26] D R 26 R17
sram_data[27] D_R_27 T17
sram_data[28] D R 28 u19
sram_data[29] D_R_29 AA21
sram_data[30] D_R_30 AA22
sram_data[31] D R 31 R18
tube_sel[0] SEG_3V3_DO F14
tube_sel[1] SEG_3Vv3_D1 D19
tube_sel[2] SEG_3V3_D2 E15 Segment display bit
selection signal
tube_sel[3] SEG_3V3_D3 E13
tube_sel[4] SEG_3V3_D4 F11
tube_sel[5] SEG_3V3_D5 E12
tube_seg[0] SEG_PA B15
tube_seg[1] SEG_PB E14
tube_seg(2] SEG_PC D15
tube_seg[3] SEG_PD C15 Segment display
segment selection signal
tube_seg(4] SEG_PE F13
tube_seg[5] SEG_PF E11
tube_seg(6] SEG_PG B16
tube_seg(7] SEG_DP Al6
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The second step: board verification

After the pin assignment is completed, the compilation is performed, and the board is verified
after passing.

After the development board is programmed, the segment display will all light up, but
because no data is read, the segment display will display all ‘0’s, as shown in Figure 15.3. Press
the PB[2] (UP) button to write the data to the SRAM, and then press the PB[7] (DOWN) button to
read the written data. At this time, it displays “123456” and decrement by one every second. See
Figure 15.4. From this it is verified that the specified data is written into the SRAM and is read
correctly.

Figure 15.3 SRAM write and read 1
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Figure 15.4 SRAM write and read 2
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Experiment 16 8978 Audio Loopback Experiment

16.1 Experiment Objective

@D Learn about I12S (Inter-IC Sound) bus and how it works

(2) Familiar with the working mode of WM8978. And by configuring the interface mode
and selecting the relevant registers in combination with the development board, complete
the data transmission and reception, and verify it

16.2 Experiment Implement

@D Perform audio loopback test by configuring the onboard audio chip WM8978 to check if
the hardware is working properly
2 Adjust the volume output level with the keys.

16.3 Experiment

16.3.1 WM8978 Introduction

WMB8978 is a low power, high quality stereo multimedia digital signal CODEC introduced by
Wolfson. It is mainly used in portable applications such as digital cameras and camcorders.
Advanced on-chip digital signal processing includes a 5-band equaliser, a mixed signal Automatic
Level Control for the microphone or line input through the ADC as well as a purely digital limiter
function for record or playback. Additional digital filtering options are available in the ADC path, to

cater for application filtering, such as "wind noise reduction".

See Figure 16.1 for the internal structure block diagram of WM8978.
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Figure 16.1 WM8978 internal structure block diagram
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Figure 16.2 Schematics of the audio part of the development board

16.3.2 WM8978 Control Interface Timing

The WMB8978 control interface has two-wire mode and three-wire mode. The specific mode
is selected by the MODE pin connection of WM8978. When the mode pin is connected to a low
voltage level, it is a two-wire mode, and when it is connected to a high voltage level, it is a three-
wire mode. The development board mode pin is grounded. When the control interface is in two-
wire mode, the timing diagram is shown in Figure 16.3. The timing diagram is the same as the 1IC
timing. The device address of WM8978 is fixed to 7'b0011010. This chip register only supports

writing and does not support reading.

!J
SDIN

SCLK

Figure 16.3 Timing diagram of the two-wire mode interface

16.3.3 12S Audio Bus Protocol

12S (Inter-IC Sound Bus) is just a branch of PCM, the interface definition is the same, 12S
sampling frequency is generally 44.1KHz and 48KHz, PCM sampling frequency is generally 8K,
16K. There are four groups of signals: bit clock signal, synchronization signal, data input, data
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output.

12S is a bus standard developed by Philips for audio data transmission between digital audio
devices. In the Philips 12S standard, both the hardware interface specification and the format of
digital audio data are specified. 12S has three main signals: the serial clock SCLK, also known as the
bit clock BCLK, which corresponds to each bit of data of digital audio. The frequency of SCLK = 2 x
sampling frequency x sampling number of bits. The frame clock LRCK is used to switch the data of
the left and right channels. An LRCK of "0" indicates that data of the left channel is being
transmitted, and "1" indicates that data of the right channel is being transmitted. LRCLK == FS, is
the sampling frequency serial data SDATA, which is audio data expressed in two's complement.
Sometimes in order to enable better synchronization between systems, another signal MCLK is
needed, which is called the master clock, or also called the system Clock (System Clock). It is 256

or 384 times the sampling frequency.

The timing of the 12S protocol is shown in Figure 16.4. However many bits of data the 12S
format signal has, the most significant bit of the data always appears at the second BCLK pulse
after the LRCK change (that is, the beginning of a frame). This allows the number of significant
digits at the receiving end and the transmitting end to be different. If the receiving end can
process less significant bits than the transmitting end, the extra low-order data in the data frame
can be discarded; if the receiving end can process more significant bits than the transmitting end,
it can make up the remaining bits by itself. This synchronization mechanism makes the
interconnection of digital audio equipment more convenient without causing data errors.

1ifs

LEFT CHANNEL RIGHT CHANNEL
LRC/
VXFS peats
5%3(’ _ﬂ_ﬂﬂ_ﬂ_ MJ—J—L MJ‘L
DACDAT / P 1BCLK i 1 BCLK
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Figure 16.4 12S timing protocol

16.3.4 Main Program Design

1. WMB8978 register configuration program
Only the program of register configuration program is given here, please refer to the project

file for the complete program

module wm8978_config

(
input clk_50m,

output reg cfg_done=0,

227 / 304



input rst_n,

input rxd,
output txd,
input key1,
input key2,
output i2c_sclk,

inout i2c_sdat

wire tr_end;

reg [4:0]i;

//************************************

reg [23:0] i2c_data_r=0;
wire [7:0] data_read ;
reg [7:0]read_req;
reg uart_rd =0;

reg uart_wr =0;

reg [7:0] txd_i2c_data;
reg txd_start=0;

wire txd_busy;

wire [7:0] rxd_i2c_data;
wire rxd_ready;

wire rxd_eop;
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wire test_pin;

uart_transceiver uart_transceiver_inst
(
.sys_clk (clk_50m), // 50m
.uart_rx (rxd),
.uart_tx (txd),
.divisor (55), //115200*8
.rx_data (rxd_i2c_data),
.rx_done (rxd_ready),
.rx_eop (rxd_eop),
.tx_data (txd_i2c_data),
Ax wr (txd_start),
.tx_done ),

.tx_busy (txd_busy),

test_pin (),

.sys_rst ()

reg rx_end_ack =0;

reg rx_end =0;

always @ (posedge clk_50m)

if(rxd_eop) rx_end <=1;

else if(rx_end_ack) rx_end <=0;
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reg [7:0] cmd_dir=0;

reg [3:0] vart_st=0;

always @ (posedge clk_50m)

if(cfg_done == 0)

begin
rx_end_ack <=0;
uart_wr <=0;
uart_rd <=0;
uart_st<=0;

end

else case(uart_st)

0:
begin
rx_end_ack <=0;
uart_wr <=0;
uart_rd <=0;
if(rxd_ready)
begin
cmd_dir <=rxd_i2c_data;
uart_st<=1;
end
end
1:
begin

if(rxd_ready)

begin
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i2c_data_r[23:16] <=rxd_i2c_data;
uart_st<=2;
end
end
2:
begin
if(rxd_ready)
begin
i2c_data_r[15:08] <=rxd_i2c_data;
if(cmd_dir[0]) uart_st <=5;
else uart_st<=3;
end
end
3: // write
begin
if(rxd_ready)
begin
i2c_data_r[07:00] <= rxd_i2c_data;
uart_wr<=1;
uart_st<=4;
end
end
4.
begin
if(tr_end)
begin
uart_wr <=0;

uart_st<=7;
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end

end

5://read

begin

end

6:

uart_rd<=1;

uart_st <=6;

begin

end

7:

uart_rd<=0;

if(tr_end)

begin
txd_i2c_data <= data_read;
txd_start<=1;
uart_st<=17;

end

begin

txd_start <=0;
if(rx_end)
begin
rx_end_ack <=1;
uart_st<=0;
end

else rx_end_ack <=0;
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end

endcase

/ 3k 3k 3k 3k 3k 3k 3k %k 3k 3k 3k >k 3k 3k %k 3k 3k %k >k 3k 3k %k 3k 3k 3k %k 3k 3k %k 3k 3k %k %k 3k %k %k k %k k

reg start;

//parameter define

reg [5:0] PHONE_VOLUME = 6'd32;

reg [5:0] SPEAK_VOLUME = 6'd32;

reg [31:0] i2c_data=0;

reg [7:0] start_init_cnt;

reg [4:0] init_reg_cnt ;

reg [25:0] on_counter;
reg [25:0] off_counter;

reg key_up, key_down;

always @(posedge clk_50m, negedge cfg_done)
if (!cfg_done) begin
on_counter<=0;
off_counter<=0;
key_up<=1'b0;
key_down<=1'b0;

end
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else begin
if (keyl==1'b1)
on_counter<=0;
else if ((keyl==1'b0)& (on_counter<=500000))

on_counter<=on_counter+1'b1;

if (on_counter==49950)

key up<=1'b1;
else
key_up<=1'b0;
if (key2==1'b1)

off_counter<=0;
else if ((key2==1'b0)& (off_counter<=500000))

off_counter<=off_counter+1'b1;

if (off_counter==49950)
key_down<=1'b1;
else

key_down<=1'b0;

end

always @(posedge clk_50m , negedge cfg_done)
if (Icfg_done) begin
PHONE_VOLUME <=6'd32 ;
end

else begin

if (( 2<=PHONE_VOLUME )&( PHONE_VOLUME <=56)&(on_counter==49948))
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PHONE_VOLUME <=PHONE_VOLUME+6 ;
else if (( 8<=SPEAK_VOLUME )&( SPEAK_VOLUME <=62)& (off _counter==49948))
PHONE_VOLUME <=PHONE_VOLUME-6 ;

else PHONE_VOLUME <=PHONE_VOLUME ;

end

always @ ( posedge clk_50m )
if( rst_n==1'b0 ) begin
i<=5'd0;
read_req<=0;
i2c_data <= 32'h000000;
start <= 1'b0;
cfg_done <=0;
end
else begin
case(i)
0: begin
if( tr_end ) begin start <= 1'b00; i <=i+ 1'b1; end
else begin start <= 1'b1; i2c_data <= {7'h1a,1'b0,8'h00,7'd0 ,9'b1}; end

end

1: begin
if( tr_end ) begin start <= 1'b0; i<=i+1'b1; end

else begin start <= 1'b1; i2c_data <={7'h1a,1'b0,
8'h00,7'd1,9'b1_0010_1111}; end

end
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2: begin
if( tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd2 ,9'b1 1011 _0011}; end

end

3: begin
if(tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd3 ,9'b0_0110_1111}; end

end

4: begin
if(tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd4 ,{2'd0,2'b11,5'b10000}}; end

end

5: begin
if(tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data
<={7'h1a,1'b0,8'n00,7'd6 ,9'b0_0000_0001}; end

end

6: begin
if( tr_end ) begin start <= 2'b00; i <= i+ 1'b1; end

else begin start <= 1'b1; i2c_data<=
{7'h1a,1'b0,8'nh00,7'd7 ,9'b0_0000_0001}; end

end
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7: begin
if( tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd10,9'b0_0000_1000}; end

end

8: begin
if(tr_end ) begin start <= 1'b0; i <= i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd14,9'b1_0000_1000}; end

end

9: begin
if( tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd43,9'b0_0001_0000}; end

end

10: begin
if(tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data
<={7'h1a,1'b0,8'h00,7'd47,9'b0_0111_0000}; end

end

11: begin
if( tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data
<={7'h1a,1'00,8'h00,7'd48,9'b0_0111_0000}; end

end

237 / 304



12: begin
if( tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data
<={7'h1a,1'b0,8'h00,7'd49,9'b0_0000_0110}; end

end

13: begin
if(tr_end ) begin start <= 1'b0; i <= i+ 1'b1; end
else begin start <= 1'b1; i2c_data <= {7'h1a,1'00,8'h00,7'd50,9'b1 };end

end

14: begin
if(tr_end ) begin start<=1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data <=

{7'h1a,1'b0,8'h00,7'd51,9'b1 };end
end
15: begin

if(tr_end ) begin start <= 1'b0; i<=i+ 1'b1; end

else begin start <= 1'b1; i2c_data
<={7'h1a,1'b0,8'h00,7'd52,{3'b010,PHONE_VOLUME}};end

end

16: begin
if( tr_end ) begin start <=1'b0; i<=i+ 1; end

else begin start <= 1'b1; i2c_data <=
{7'h1a,1'b0,8'h00,7'd53,{3'b110,PHONE_VOLUME}};end

end

17: begin

238 / 304



cfg_done<=1;
if (uart_wr)
begin
start <= 1'b1;

i2c_data <={cmd_dir,i2c_data_r};

i<=i+1;

end

if (uart_rd)

begin
read_req <=1'bl;
i2c_data <={cmd_dir,i2c_data_r};
i<=i+2;

end

if (key_up|key_down)

i<=15;

end
18: begin
if( tr_end ) begin start <= 1'b0; i <=19; end
else i<=20;

end

19: begin
if( tr_end ) begin read_req <= 1'b0; i <= 19; end
else begin i<=21;end

end

defaultii<=1 ;
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endcase

end

i2c_control i2c_control_inst (
.Clk (clk_50m),
.Rst_n(rst_n),
.wrreg_req(start),
.rdreg_req (read_req),
.addr({i2c_data[15:8],i2c_data[23:16]})
.addr_mode(0),
.wrdata (i2c_data[7:0]), //
.rddata (data_read), //8bit
.device_id (i2c_data[31:24]), //8bit
.RW_Done(tr_end),

.ack (),

.i2c_sclk(i2c_sclk),

.i2c_sdat(i2c_sdat)

endmodule

’

//16bit

2. Audio signal acquisition program

module audio_receive (
//system clock 50MHz
input rst_n

//wm8978 interface
input aud_bclk

input aud_lIrc

’

’
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input aud_adcdat,

//user interface
output reg rx_done ,
output reg[31:0] adc_data

);

parameter WL=6'd32;

reg aud_Irc_do;
reg [ 5:0] rx_cnt;
reg [31:0] adc_data_t;

wire Irc_edge ;

assign  lrc_edge =aud_Irc A aud_Irc_dO;
always @(posedge aud_bclk or negedge rst_n) begin
if(!rst_n)
aud_lIrc_d0 <= 1'b0;
else
aud_Irc_d0 <= aud_lrc;
end

always @(posedge aud_bclk or negedge rst_n) begin
if(!rst_n) begin
rx_cnt <= 6'd0;
end
else if(Irc_edge == 1'b1)
rx_cnt <= 6'd0;
else if(rx_cnt < 6'd35)
rx_cnt<=rx_cnt + 1'b1;

end

always @(posedge aud_bclk or negedge rst_n) begin
if(!rst_n) begin
adc_data_t <= 32'b0;
end
else if(rx_cnt < WL)
adc_data_t[WL- 1'd1 - rx_cnt] <= aud_adcdat;

always @(posedge aud_bclk or negedge rst_n) begin
if(!rst_n) begin
rx_done <= 1'b0;
adc_data <=32'b0;
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end

else if(rx_cnt == 6'd32) begin
rx_done <=1'b1;
adc_data<= adc_data_t;

end

else
rx_done <= 1'b0;

end

endmodule

3. Audio sending module

module audio_send (

input rst_n ,
input aud_bclk
input aud_Irc
output reg aud_dacdat,
input [31:0] dac_data ,
output reg tx_done

parameter WL=6'd32;

reg aud_lIrc_do;
reg [ 5:0] tx_cnt;

reg [31:0] dac_data_t;

wire Irc_edge;

assign Irc_edge =aud_Irc * aud_Irc_dO;

always @(posedge aud_bclk or negedge rst_n) begin
if(!rst_n)
aud_lIrc_d0 <= 1'b0;
else
aud_Irc_d0 <= aud_lrc;
end

always @(posedge aud_bclk or negedge rst_n) begin

if('rst_n) begin
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tx_cnt <= 6'd0;
dac_data_t <=32'd0;
end
else if(Irc_edge == 1'b1) begin
tx_cnt <=6'd0;
dac_data_t <= dac_data;
end
else if(tx_cnt < 6'd35)
tx_cnt<=tx_cnt+ 1'bl;

end

always @(posedge aud_bclk or negedge rst_n) begin
if(!rst_n) begin
tx_done <= 1'b0;
end
else if(tx_cnt == 6'd32)
tx_done <= 1'b1;
else
tx_done <= 1'b0;
end

always @(negedge aud_bclk or negedge rst_n) begin
if(!rst_n) begin
aud_dacdat <= 1'b0;
end
else if(tx_cnt < WL)
aud_dacdat <= dac_data_t[WL-1'd1 - tx_cnt];
else
aud_dacdat <= 1'b0;
end

endmodule

4. Main program

module audio_test(
input wire sys_clk_50,
input wire rst_n,
input rxd,
output txd,
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output [7:0] led |,

input keyl,

input key2,
inout wm_sdin,
output wm_sclk,
input wire wm_lrc,

input wire wm_bclk,
input wire adcdat,
output wire dacdat,
output wire mclk

);
wire cfg_done;

assign led ={7'h7f,~cfg_done};

pll_50_12 pll_50_12 inst
(
// Clock out ports
.cO(clk_out_12), // output clk_out_12
// Status and control signals
.areset(~rst_n), // input reset
.locked(locked), // output locked
// Clock in ports
.inclkO(sys_clk_50)); // input sys_clk_50
wire clk_out_12;
assign mclk = clk_out_12;
wma8978_config wm8978_config_inst

(

.keyl (keyl),
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key2 (key2),
.clk_50m (sys_clk_50),
rst_n (rst_n) ,
.cfg_done (cfg_done) ,
i2c_sclk  (wm_sclk)
.rxd (rxd),

.txd (txd),

.i2c_sdat  (wm_sdin)

wire [31:0] adc_data;
audio_receive

audio_receive_inst(

rst_n (rst_n),
.aud_bclk (wm_bclk),
.aud_Irc (wm_lIrc),
.aud_adcdat (adcdat),
.adc_data (adc_data),
.rx_done (rx_done)

audio_send audio_send_inst(

rst_n (rst_n),
.aud_bclk (wm_bclk),
.aud_lrc (wm_Irc),
.aud_dacdat (dacdat),
.dac_data (adc_data),
.tx_done (tx_done)
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endmodule

16.4 Experiment Verification

1. Pin assignment
Table 16.1 Pin assignment
Signal Name Port Description Network Label FPGA Pin
Sys_clk_50 System 50M clock C10_50MCLK G21
Reset_n System reset signal KEY1 Y4
Wm_sdin 8978 register 12C_SDA C13
configuration data line
Wm_sclk 8978 register 12C_SCL D13
configuration clock
Wm_lIrc 8978 align clock WM_LRCK AB19
Wm_bclk 8978 bit clock WM_BCLK AA19
adcdat ADC input of 8978 WM_MISO AA18
Dacdat DAC input of 8978 WM_MOSI Y17
Mack PLL provides 8978 working | WM_MCLK w17
master clock
Keyl Volume up button Key2 V5
Key2 Volume down button Key7 AB3
txd Serial transmit TTL_RX E16
rxd Serial receive TTL_TX F15

2. Board verification
As shown in Figure 16.5 below, after the FPGA development board is programmed, use
a dual male audio cable, with one end plugged into the red audio receiver end and the other
end plugged into a music player. Plug the headphone into the green audio playback port.
The music can be heard from player. The volume is divided into 5 gears. Press the UP key to
increase the volume and press the down key to decrease the volume.
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Figure 16.5 wm8978 board verification
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Experiment 17 Photo Display Experiment of OV5640 Camera

17.1 Experiment Objective

@D Understand the power-on sequence of the OV5640 camera and the corresponding
register configuration process when outputting images of different resolutions

(2) Review previous knowledge of IIC bus

(3) Review previous knowledge of HDMI

17.2 Experiment Implement

&D) Read the power-on sequence of the OV5640 datasheet, and correctly write the power-
on control program according to the peripheral module schematics.

(2) Correctly write the configuration program of the OV5640 camera with a resolution of
640X480 according to the timing requirements of the SCCB interface

(3) Based on previous experiments, write a program to store the image data collected by
5640 in the development board SRAM.

(4) Write a program to display the image stored in the SRAM to the monitor via HDMI.

(5) The refresh of the image is controlled by the keys, and the screen display image is
updated every time pressing it, similar to a camera.

17.3 Experiment

Some main procedures are given below. Refer the project file for the complete program

(1) 0v5640 power-on initialization program design is based on the power-on timing diagram
of 5640 when connected to DVDD. Shown in Figure 17.1.

) power on . power off
I T
| t |
| e 0
|
DOVDD _{/ | It \_
| } | S5 |
} < ! I I>=0ms
|
AVDD J_,I.} 2 te ! . | S
PWDN Lt LJ L(_tl
> 3 « I
)] .
5 |
|
| |
RESETB i ty i _I_|
_—3
I ' |
XVCLK l |(( |
SCCB

Figure 17.1 5640 power-on sequence

Power-on sequence program is as follows:
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module power_on_delay(clk_50M,reset_n_r,camera_pwup,initial_en,cam_resetb);

input clk_50M;

input reset_n_r;

output camera_pwup;

output initial_en;

(*mark_debug="true"*)output reg cam_resetb =0;
(*mark_debug="true"*)reg [31:0]cnt1=0;

reg initial_en=0;

reg camera_pwup_reg=0;
reg reset_n =0;

assign camera_pwup=camera_pwup_reg;

always @ (posedge clk_50M)

reset_n<=reset_n_r;

//5ms, delay from sensor power up stable to Pwdn pull down
always@(posedge clk_50M)
begin
if(reset_n==1'b0)
cntl<=0;
else
begin
if (cnt1<50000000)
cntl<=cntl+l;
else cntl<=cntl;
end

end
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always@(posedge clk_50M)
begin
if(reset_n==1'b0) begin

camera_pwup_reg<=0;

end
else begin
if (cnt1==15000000)

camera_pwup_reg<=1;

else camera_pwup_reg<=camera_pwup_reg;
end

end

always@(posedge clk_50M)
begin
if(reset_n==1'b0) begin
cam_resetb <=0;
end
else begin
if (cnt1==35000000)
cam_resetb <=1;
else cam_resetb <=cam_resetb ;
end
end
always@(posedge clk_50M)

begin
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if(reset_n==1'b0) begin
initial_en<=0;
end
else
begin
if (cnt1==48000000)
initial_en<=1;
else initial_en<=initial_en;

end

end

endmodule

(2) 5640 chip configuration program

After the development board is powered on correctly, the OV5640 related registers will be

configured. The configuration of the OV5640 chip's internal registers is performed through the

SCCB (Serial Camera Control Bus) protocol. This protocol is equivalent to a simple 12C bus. The

SCCB timing is shown in Figure 17.2. When configuring, use the 12C code from previous

experiment directly.

Start of Stop of
Transmission Transmission

SCCB_E ——

slo_c

SIO_D — |\ ASZ (8BS CROCEN T IC I e e e LD

Figure 17.2 SCCB write register timing diagram

The registers required to complete the 5640 camera function are as follows:

always@(reg_index)
begin
case(reg_index)

0:reg_data<=24'h310311;
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l:reg_data<=24'h300882;
2:reg_data<=24'h300842;
3:reg_data<=24'h310303;
4:reg_data<=24'h3017ff;
5:reg_data<=24'h3018ff;
6:reg_data<=24'h30341A;
7:reg_data<=24'h303713;
8:reg_data<=24'h310801;
9:reg_data<=24'h363036;
10:reg_data<=24'h36310e;
11:reg_data<=24'h3632e2;
12:reg_data<=24'h363312;
13:reg_data<=24'h3621e0;
14:reg_data<=24'h3704a0;
15:reg_data<=24'h37035a;
16:reg_data<=24'h371578;
17:reg_data<=24'h371701;
18:reg_data<=24'h370b60;
19:reg_data<=24'h370513;
20:reg_data<=24'h390502;
21:reg_data<=24'h390610;
22:reg_data<=24'h390103;
23:reg_data<=24'h373112;
24:reg_data<=24'h360008;
25:reg_data<=24'h360133;
26:reg_data<=24'h302d60;
27:reg_data<=24'h362052;

28:reg_data<=24'h371b20;
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29:reg_data<=24'h471c50;
30:reg_data<=24'h3al1343;
31:reg_data<=24'h3a1800;
32:reg_data<=24'h3a19fs;
33:reg_data<=24'h363513;
34:reg_data<=24'h363603;
35:reg_data<=24'h363440;
36:reg_data<=24'h362201;
37:reg_data<=24'h3c0134;
38:reg_data<=24'h3c0428;
39:reg_data<=24'h3c0598;
40:reg_data<=24'h3c0600;
41:reg_data<=24'h3c0708;
42:reg_data<=24'h3c0800;
43:reg_data<=24'h3c091c;
44:reg_data<=24'h3c0a9c;
45:reg_data<=24'h3c0b40;
46:reg_data<=24'h381000;
47:reg_data<=24'h381110;
48:reg_data<=24'h381200;
49:reg_data<=24'h370864;
50:reg_data<=24'h400102;
51:reg_data<=24'h400513;
52:reg_data<=24'h300000;
53:reg_data<=24'h3004ff;

54:reg_data<=24'h300e58;
55:reg_data<=24'h302e00;

56:reg_data<=24'h430061;
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57:reg_data<=24'h501f01;
58:reg_data<=24'h440e00;
59:reg_data<=24'h5000a7;
60:reg_data<=24'h3a0f30;
61:reg_data<=24'h3a1028;
62:reg_data<=24'h3alb30;
63:reg_data<=24'h3ale26;
64:reg_data<=24'h3al1160;
65:reg_data<=24'h3alf14;
66:reg_data<=24'h580023;
67:reg_data<=24'n580114;
68:reg_data<=24'h58020f;
69:reg_data<=24'h58030f;
70:reg_data<=24'h580412;
71:reg_data<=24'h580526;
72:reg_data<=24'h58060c;
73:reg_data<=24'h580708;
74:reg_data<=24'h580805;
75:reg_data<=24'h580905;
76:reg_data<=24'h580a08;
77:reg_data<=24'h580b0d;
78:reg_data<=24'h580c08;
79:reg_data<=24'nh580d03;
80:reg_data<=24'h580e00;
81:reg_data<=24'h580f00;
82:reg_data<=24'h581003;
83:reg_data<=24'h581109;

84:reg_data<=24'h581207;

254 / 304



85:reg_data<=24'h581303;
86:reg_data<=24'h581400;
87:reg_data<=24'h581501;
88:reg_data<=24'h581603;
89:reg_data<=24'h581708;
90:reg_data<=24'h58180d;
91:reg_data<=24'h581908;
92:reg_data<=24'h581a05;
93:reg_data<=24'h581b06;
94:reg_data<=24'h581c08;
95:reg_data<=24'h581d0e;
96:reg_data<=24'h581e29;
97:reg_data<=24'h581f17;
98:reg_data<=24'h582011;
99:reg_data<=24'h582111;
100:reg_data<=24'h582215;
101:reg_data<=24'h582328;
102:reg_data<=24'h582446;
103:reg_data<=24'h582526;
104:reg_data<=24'h582608;
105:reg_data<=24'h582726;
106:reg_data<=24'h582864;
107:reg_data<=24'h582926;
108:reg_data<=24'n582a24;
109:reg_data<=24'h582b22;
110:reg_data<=24'h582c24;
111:reg_data<=24'n582d24;

112:reg_data<=24'h582e06;
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113:reg_data<=24'h582f22;
114:reg_data<=24'h583040;
115:reg_data<=24'h583142;
116:reg_data<=24'h583224;
117:reg_data<=24'h583326;
118:reg_data<=24'h583424;
119:reg_data<=24'h583522;
120:reg_data<=24'h583622;
121:reg_data<=24'h583726;
122:reg_data<=24'h583844;
123:reg_data<=24'nh583924;
124:reg_data<=24'n583a26;
125:reg_data<=24'h583hb28;
126:reg_data<=24'h583c42;
127:reg_data<=24'h583dce;
128:reg_data<=24'h5180ff;

129:reg_data<=24'h5181f2;
130:reg_data<=24'h518200;
131:reg_data<=24'h518314;
132:reg_data<=24'h518425;
133:reg_data<=24'h518524;
134:reg_data<=24'h518609;
135:reg_data<=24'h518709;
136:reg_data<=24'h518809;
137:reg_data<=24'h518975;
138:reg_data<=24'n518a54;
139:reg_data<=24'h518be0;

140:reg_data<=24'h518cb2;
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141:reg_data<=24'h518d42;
142:reg_data<=24'h518e3d;
143:reg_data<=24'h518f56;
144:reg_data<=24'h519046;
145:reg_data<=24'h5191f8;
146:reg_data<=24'h519204;
147:reg_data<=24'h519370;
148:reg_data<=24'h5194f0;
149:reg_data<=24'h5195f0;
150:reg_data<=24'h519603;
151:reg_data<=24'h519701;
152:reg_data<=24'h519804;
153:reg_data<=24'h519912;
154:reg_data<=24'n519a04;
155:reg_data<=24'h519b00;
156:reg_data<=24'h519c06;
157:reg_data<=24'n519d82;
158:reg_data<=24'h519e38;
159:reg_data<=24'h548001;
160:reg_data<=24'h548108;
161:reg_data<=24'h548214;
162:reg_data<=24'h548328;
163:reg_data<=24'h548451;
164:reg_data<=24'h548565;
165:reg_data<=24'h548671;
166:reg_data<=24'h54877d;
167:reg_data<=24'h548887;

168:reg_data<=24'h548991;
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169:reg_data<=24'nh548a9a;
170:reg_data<=24'h548baa;
171:reg_data<=24'h548chS;
172:reg_data<=24'h548dcd;
173:reg_data<=24'h548edd;
174:reg_data<=24'h548fea;
175:reg_data<=24'nh54901d;
176:reg_data<=24'h53811e;
177:reg_data<=24'h53825b;
178:reg_data<=24'h538308;
179:reg_data<=24'n53840a;
180:reg_data<=24'h53857¢;
181:reg_data<=24'h538688;
182:reg_data<=24'h53877c;
183:reg_data<=24'h53886¢;
184:reg_data<=24'h538910;
185:reg_data<=24'n538a01;
186:reg_data<=24'n538b98;
187:reg_data<=24'h558006;
188:reg_data<=24'h558340;
189:reg_data<=24'h558410;
190:reg_data<=24'h558910;
191:reg_data<=24'nh558a00;
192:reg_data<=24'h558bf8;
193:reg_data<=24'h501d40;
194:reg_data<=24'h530008;
195:reg_data<=24'h530130;

196:reg_data<=24'h530210;
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197:reg_data<=24'h530300;
198:reg_data<=24'h530408;
199:reg_data<=24'h530530;
200:reg_data<=24'h530608;
201:reg_data<=24'h530716;
202:reg_data<=24'h530908;
203:reg_data<=24'n530a30;
204:reg_data<=24'h530b04;
205:reg_data<=24'h530c06;
206:reg_data<=24'n502500;
207:reg_data<=24'h300802;
//680x480 30 11i/#5, night mode 5fps, input clock =24Mhz, PCLK =56Mhz
208:reg_data<=24'nh303511;
209:reg_data<=24'h303646;
210:reg_data<=24'h3c0708;
211:reg_data<=24'h382047;
212:reg_data<=24'h382101;
213:reg_data<=24'h381431;
214:reg_data<=24'h381531;
215:reg_data<=24'h380000;
216:reg_data<=24'h380100;
217:reg_data<=24'h380200;
218:reg_data<=24'h380304;
219:reg_data<=24'nh38040q;
220:reg_data<=24'n38053f;
221:reg_data<=24'h380607;
222:reg_data<=24'h38079b;

223:reg_data<=24'h380802;
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224:reg_data<=24'h380980;
225:reg_data<=24'h380a01;
226:reg_data<=24'h380be0;
227:reg_data<=24'h380c07;
228:reg_data<=24'h380d68;
229:reg_data<=24'h380e03;
230:reg_data<=24'h380fdS;
231:reg_data<=24'h381306;
232:reg_data<=24'h361800;
233:reg_data<=24'nh361229;
234:reg_data<=24'h370952;
235:reg_data<=24'h370c03;
236:reg_data<=24'h3a0217;
237:reg_data<=24'h3a0310;
238:reg_data<=24'h3a1417;
239:reg_data<=24'h3a1510;
240:reg_data<=24'h400402;
241:reg_data<=24'h30021c;
242:reg_data<=24'h3006c3;
243:reg_data<=24'h471303;
244:reg_data<=24'h440704;
245:reg_data<=24'h460b35;
246:reg_data<=24'h460c22;
247:reg_data<=24'h483722;
248:reg_data<=24'n382402;
249:reg_data<=24'h500183;
250:reg_data<=24'h350300;

251:reg_data<=24'nh301602;
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252:reg_data<=24'h3b0703;
253:reg_data<=24'h3b0083 ;

254:reg_data<=24'h3b0000 ;

default:reg_data<=24'h000000;
endcase

end

(3) The control codes for the LED control and camera functions are as follows:

always @(posedge clk_50, negedge initial_en)
if (linitial_en) begin
on_counter<=0;
off_counter<=0;
key_on<=1'b0;
key_off<=1'b0;
end
else begin
if (keyl==1'b1)
on_counter<=0;
else if ((keyl==1'00)& (on_counter<=500000))

on_counter<=on_counter+1'b1;

if (on_counter==500000)
key on<=1'b1;
else
key_on<=1'b0;
if (keyl==1'b0)
off_counter<=0;
else if ((keyl==1'b1)& (off_counter<=500000))

off _counter<=off counter+1'b1;
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if (off_counter==500000)
key off<=1'b1;
else
key_off<=1'b0;
end
reg [1:0] st_Strobe =0;
always @(posedge clk_50, negedge initial_en)
if (linitial_en)
begin
sign_Strobe <=2'b00 ;
st_Strobe <=2'b00;
end
else begin case ( st_Strobe )
0: st_Strobe <=2'b01;
1:begin if (key_on)
begin
if (sign_Strobe == 2'b00)
st_Strobe <=2'b10;
else if (sign_Strobe == 2'b11)
st_Strobe <=2'b11;
end
else begin
st_Strobe  <=st_Strobe;
sign_Strobe <=sign_Strobe ;
end
end
2: begin

sign_Strobe <=sign_Strobe+1 ;
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if (sign_Strobe == 2'b10)

st Strobe <=2'b01;

end
3: begin
sign_Strobe <=sign_Strobe-1 ;
if (sign_Strobe == 2'b01)
st Strobe <=2'b01;
end
endcase

end

(4) Some key codes to implement the camera function:

module pic(

input  wire key3 )
output reg hdmi_valid ,
output reg [15:0] fifo_hdmi_dout ,
input  wire hdmi_rd_en ,
input wire hdmi_end )
input wire hdmi_req ,

output wire [10:0] hdmi_fifo_rd_data_count,

output sraml_cs_n ,
output sraml_we_n ,
output sraml_oe_n ,
output sraml_ub_n ,
output sraml_|b_n ,
output sram0_cs_n ,
output sram0_we_n ,
output sram0_oe_n ,
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output sram0_ub_n
output sram0_|b_n
output [17:0] sram_addr
inout [31:0] sram_data
input  wire clk_50m
input  wire rst_ n_50m
input  wire hdmi_reg_done
input  wire reg_conf_done
input wire pic_clk
input  wire vga_clk
input wire camera_href,
input wire camera_vsync,
input wire [7:0]camera_data,
output led

);
reg camera_on =
reg lock_r =
reg wr_en = 0
reg [7:0] din = 0 ;
reg rec_sign =0
reg sign_we =
reg write_ack = 0
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reg [1:0] camera_vsync_rr =2'b00;

reg [11:0]camera_h_count;

reg [10:0]camera_v_count;

assign led=!{camera_h_count,camera_v_count};

always @ (posedge pic_clk)

camera_vsync_rr <= {camera_vsync_rr[0],camera_vsync };

always @ (posedge pic_clk)

if (hdmi_reg_done&(camera_vsync_rr==2'b10)&rst_n_50m&rec_sign)
sign_we <=1;
else if (camera_vsync_rr==2'b01)  sign_we <=0;
else sign_we <=sign_we ;
always @(posedge pic_clk)
begin
if ('reg_conf_done)
camera_h_count<=1;
else if((camera_href==1'b1) & (camera_vsync==1'b0))
camera_h_count<=camera_h_count+1'b1;
else
camera_h_count<=1;
end

always @(posedge pic_clk)
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begin
if (Ireg_conf_done)
camera_v_count<=0;

else if (camera_vsync==1'b0)
begin
if(camera_h_count==1280)

camera_v_count<=camera_v_count+1'b1;
else
camera_v_count<=camera_v_count;

end

else camera_v_count<=0;

end

always @ (posedge pic_clk)

if (reg_conf_done==0)
begin
wr_en <=0;
din <=0;
end

else begin

if(camera_href&sign_we)

begin
wr_en<=1;
din  <=camera_data;

end
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else begin
wr_en <=0;
din <=0;
end

end

wire valid ;
wire [31: 0] dout ;
reg rd en=0 ;
wire [9: 0] rd_data_count;
wire [11 : 0] wr_data_count;
fifo_ 8 to 32 fifo_8 to_32 inst(
.data (din),
.rdclk ( clk_50m),
.rdreq (rd_en),
.wrclk ( pic_clk),
.wrreq (wr_en ),
.q (dout),
.rdempty (),
.rdusedw ( rd_data_count ),
wrfull (),

.wrusedw ( wr_data_count)

);

reg [31:0] din_sram_fifo = 32'd0 ;

reg

sram_fifo_wen

wire[15:0] fifo_hdmi_dout_r

wire

hdmi_valid_r

= 0
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wire [9:0] hdmi_fifo_wr_data_count ;
wire full ;
wire empty ;
always @ (posedge vga_clk)
begin
fifo_hdmi_dout <= fifo_hdmi_dout_r;
hdmi_valid <=hdmi_rd_en ;
//  hdmi_valid <= hdmi_valid_r ;

end

fifo_32 to_ 16 fifo_32 to_16_inst (
.data ( din_sram_fifo ),
.rdclk (vga_clk),
.rdreq ( hdmi_rd_en),
.wrclk ( clk_50m),
.wrreq ( sram_fifo_wen ),
.q ( fifo_hdmi_dout_r),
.rdempty (),
.rdusedw (),
wrfull (),

.wrusedw ()

);

reg [25:0] on_counter =26'd0

always @(posedge clk_50m , negedge reg_conf_done)

if (Ireg_conf_done) begin

on_counter<=0;
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camera_on<=1'b0;
end
else begin
if (key3==1'b1)
on_counter<=0;
else if ((key3==1'b0)& (on_counter<=500000))

on_counter<=on_counter+1'b1;

if (on_counter==500000)
camera_on<=1'b1;
else if (write_ack)
camera_on<=1'b0;
else camera_on<=camera_on;
end

wire [31:0] data_rd ;

wire data_valid ;
reg [4:0] sram_wr_st = 0 ;
reg w_cnt = 0 ;

reg [17:0] sram_addr_wr_rd= 18'd0 ;

reg [31:0] data_we = 32'd0 ;
reg [31:0] rd_data = 32'd0 ;
reg wr_en_req = 0 ;
reg rd_en_req = 0 ;
(* keep *) reg [8:0] hdmi_reqg_cnt = 0 ;

always @ (posedge clk_50m , negedge reg_conf_done ,negedge rst_n_50m )
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begin

if (~rst_n_50m|~reg_conf_done)

begin

rec_sign <= 0 ;

sram_addr_wr_rd<= 18'd0 ;

sram_wr_st <= 0 ;
data_we <= 32'do0 ;
rd_data <= 32'd0 ;

wr_en_req <= 0 ;

rd_en_req <= 0 ;

hdmi_req_cnt <= 0 ;

end

else begin case ( sram_wr_st)

0 : Dbegin
rec_sign <= 0
sram_addr_wr_rd <= 18'd0
data_we <= 32'd0
rd_data <= 32'd0 ;
wr_en_req <= 0
rd_en_req <= 0 ;
sram_wr_st <= 1

’

’
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2

end

begi

end

begin

write_ack <= 0

n if (camera_on)
begin
sram_wr_st <=
rec_sign <=

write_ack <=

end

else  sram_wr_st <=

write_ack <= 0

if (sign_we)

begin
data_we
sram_addr_wr_rd

wr_en_req

rec_sign

sram_wr_st

end
else  begin

rec_sign

sram_wr_st

<=0
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end
end
3 . begin if(sign_we)
begin
if (rd_data_count )
begin
rd_en <= 1 ;
sram_wr_st <= 4 ;
end
else begin
rd_en <= 0 ;
sram_wr_st <= 3;
end
end
else begin
rd_en <= 0 ;
sram_wr_st <= 0 ;
end
end
4  :begin
rd_en <= 0 ;
data_we <=
{dout[7:0] ,dout[15:8],dout[23:16],dout[31:24]};
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end

5: begin
end

6 : begin
data_we

sram_addr_wr_rd <=sram_addr_wr_rd

wr_en_req <= rd_en ;
sram_wr_st <= 5 ;
data_we <=dout ;

sram_addr_wr_rd <=sram_addr_wr_rd
wr_en_req <=rd_en;

sram_wr_st <= 6 ;

<= dout ;

sram_addr_wr_rd <=sram_addr_wr_rd +1;

wr_en_req <=rd_en;
sram_wr_st <= 3 ;
end

7: begin

din_sram_fifo <

sram_fifo_wen <= data_valid ;
if (hdmi_end)
sram_wr_st <= 0 ;
else begin

if (hdmi_req)

begin

’

’

{data_rd[15:0],data_rd[31:16]
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rd_en_req<=1;

sram_addr_wr_rd<=sram_addr_wr_rd;

sram_wr_st <= 8 ;
hdmi_reqg_cnt <= 0;
end
else begin
hdmi_reqg_cnt <= 0;
sram_wr_st <= 7 ;
end

end

end
8: begin
sram_addr_wr_rd<=sram_addr_wr_rd+1;
sram_wr_st <= 9 ;
end
9 :begin

sram_addr_wr_rd <= sram_addr_wr_rd+1;

sram_wr_st <= 10 ;
hdmi_req_cnt <= hdmi_req_cnt+1;
end

10 : begin

hdmi_reg_cnt <= hdmi_req_cnt+1;
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din_sram_fifo <= {data_rd[15:0],data_rd[31:16] };
sram_fifo_wen <= data_valid ;
sram_addr_wr_rd<=sram_addr_wr_rd+1;
if (hdmi_req_cnt==318)
begin
rd_en_req <= 0;
sram_wr_st <= 7 ;
end
end
default: sram_wr_st <= 0 ;
endcase
end
end
sram_ctr sram_ctr_instO (
.clk_50 (clk_50m ) ,
srst_n (rst_n_50m ) ,
Wr_en (wr_en_req) ,
.rd_en (rd_en_req) ,
.sram_addr_wr_rd (sram_addr_wr_rd) ,
.data_we (data_we ) ,
.data_rd (data_rd ) ,
.data_valid (data_valid ) ,
.sram_addr (sram_addr) ,
.sram_data (sram_data) ,
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);

.sraml_ce
.sraml_oe
.sraml_we
.sraml_lb

.sraml_ub

.sram0_ce
.sram0_oe
.sram0_we
.sram0_lb

.sramQ_ub

endmodule

(sram1_cs_n)
(sram1_oe_n)
(sram1_we_n)
(sram1_lb_n)

(sram1_ub_n)

(sram0_cs_n)
(sram0_oe_n)
(sram0_we_n)
(sram0_lb_n)

(sram0Q_ub_n)

(4) For the HDMI part, refer to the relevant HDMI content in previous experiments.

17.4 Experiment Verification

1.

Pin assignment table

Signal Name Port Description Network Name FPGA Pin
Clk_50m System 50M clock C10_50MCLK G21
Reset_n System reset signal KEY1 Y4

Clk_24 PLL 5640 clock 1030 Y13
Camera_data[0] 5640 image data bus 1031 AA13
Camera_data[1] 5640 image data bus 1027 V12
Camera_data[2] 5640 image data bus 103 AA15
Camera_data[3] 5640 image data bus 102 V16
Camera_data[4] 5640 image data bus 107 uie6
Camera_data[5] 5640 image data bus 101 R16
Camera_data[6] 5640 image data bus 105 ui17
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Camera_data[7] 5640 image data bus 104 AB20
Camera_pclk 5640 image clock 101 T16
Camera_href 5640 input horizontal signal 1028 R14
Camera_vsync 5640 input vertical signal 1024 AA14

Camera_pwup 5640 power-up control 100 AA20
Keyl Cameraon KEY3 L8
Key2 LED KEY6 P1

vga_hs Horizontal synchronization HDMI_HSYNC C24
vga_vs Vertical synchronization HDMI_VSYNC A25
en Data valid HDMI_DE A24
vga_clk Display clock HDMI_CLK B19
keyl Display switch KEY2 L4
scl adv7511 configured clock 12C_SCL R20
sda adv7511 configured data 12C_SDA R21

line
HDMI_D[23] Red output HDMI_D23 G7
HDMI_D[22] Red output HDMI_D22 F9
HDMI_D[21] Red output HDMI_D21 F7
HDMI_D[20] Red output HDMI_D20 C3
HDMI_D[19] Red output HDMI_D19 B3
HDMI_D[18] Red output HDMI_D18 Cc4
HDMI_DI[17] Red output HDMI_D17 A3
HDMI_D[16] Red output HDMI_D16 E7
HDMI_D[15] Green output HDMI_D15 B4
HDMI_D[14] Green output HDMI_D14 D6
HDMI_D[13] Green output HDMI_D13 A4
HDMI_D[12] Green output HDMI_D12 Ccé6
HDMI_D[11] Green output HDMI_D11 B5
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HDMI_D[10] Green output HDMI_D10 D7
HDMI_D[9] Green output HDMI_D9 c7
HDMI_DI[8] Green output HDMI_D8 A5
HDMI_D[7] Blue output HDMI_D7 B6
HDMI_D[6] Blue output HDMI_D6 F8
HDMI_DI[5] Blue output HDMI_D5 A6
HDMI_D[4] Blue output HDMI_D4 Cc8
HDMI_D[3] Blue output HDMI_D3 B7
HDMI_D[2] Blue output HDMI_D2 E9
HDMI_D[1] Blue output HDMI_D1 B8
HDMI_D [0] Blue output HDMI_DO A7
Uart_rx Serial receive TTL_TX L17
Uart_tx Serial transmit TTL_RX L18
Sram_data[0] SRAM data bus DO F22
Sram_data[1] SRAM data bus D1 E21
Sram_data[2] SRAM data bus D2 D21
Sram_data[3] SRAM data bus D3 E22
Sram_data[4] SRAM data bus D4 D22
Sram_data[5] SRAM data bus D5 C21
Sram_data[6] SRAM data bus D6 B21
Sram_data[7] SRAM data bus D7 C22
Sram_data[8] SRAM data bus D8 M16
Sram_data[9] SRAM data bus D9 K19
Sram_data[10] SRAM data bus D10 M20
Sram_data[11] SRAM data bus D11 M19
Sram_data[12] SRAM data bus D12 L22
Sram_data[13] SRAM data bus D13 L21
Sram_data[14] SRAM data bus D14 122
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Sram_data[15] SRAM data bus D15 J18
Sram_data[16] SRAM data bus D16 M21
Sram_data[17] SRAM data bus D17 K18
Sram_data[18] SRAM data bus D18 N21
Sram_data[19] SRAM data bus D19 M22
Sram_data[20] SRAM data bus D20 P22
Sram_data[21] SRAM data bus D21 P20
Sram_data[22] SRAM data bus D22 R20
Sram_data[23] SRAM data bus D23 P21
Sram_data[24] SRAM data bus D24 W19
Sram_data[25] SRAM data bus D25 W20
Sram_data[26] SRAM data bus D26 R17
Sram_data[27] SRAM data bus D27 T17
Sram_data[28] SRAM data bus D28 ui19
Sram_data[29] SRAM data bus D29 AA21
Sram_data[30] SRAM data bus D30 AA22
Sram_data[31] SRAM data bus D31 R18
Sram_addr[0] SRAM address bus A0 121
Sram_addr[1] SRAM address bus Al H22
Sram_addr[2] SRAM address bus A2 H19
Sram_addr[3] SRAM address bus A3 G18
Sram_addr[4] SRAM address bus A4 H17
Sram_addr[5] SRAM address bus A5 H21
Sram_addr[6] SRAM address bus Ab H20
Sram_addr[7] SRAM address bus A7 F19
Sram_addr[8] SRAM address bus A8 H18
Sram_addr[9] SRAM address bus A9 F20
Sram_addr[10] SRAM address bus A10 w21
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Sram_addr[11] SRAM address bus All w22
Sram_addr[12] SRAM address bus A12 V21
Sram_addr[13] SRAM address bus A13 u20
Sram_addr[14] SRAM address bus Al4 V22
Sram_addr[15] SRAM address bus A 15 R21
Sram_addr[16] SRAM address bus A1l6 u21
Sram_addr[17] SRAM address bus A1l17 R22
Sram_addr[18] SRAM address bus A18(invalid pin) u22
Sram0_cs_n Oth SRAM enable CE_N_SRAMO F21
Sram0_we_n Oth SRAM write enable OE_N_SRAMO B22
Sram0_oe_n Oth SRAM read enable WE_N_SRAMO F17
SramO_ub_n 0t SRAM high byte enable UE_N_SRAMO K22
Sram0_lb_n 0t SRAM low byte enable LE_N_SRAMO K21
Sram0_cs_n 1st SRAM enable CE_N_SRAM1 N22
Sram0_we_n 1st SRAM write enable OE_N_SRAM1 R19
Sram0_oe_n 1st SRAM read enable WE_N_SRAM1 Y21
SramO_ub_n 1st SRAM high byte enable UE_N_SRAM1 Y22
SramO_Ib_n 1st SRAM low byte enable LE_N_SRAM1 T18

LedO 0oVv5640 register LEDO J5

configuration indicator
Ledl ADV7511 register LED1 16
configuration indicator

i2c_sclk 5640 configured clock 1026 AB13
i2c_sdat 5640 configured data cable 1029 AB14

2. Board verification

After the board is programmed, led0 and led1 light up, indicating that the OV5640 and ADV7511
configurations are complete.

Push button RIGHT has the function of turning on and off the LED fill light.

Press the RETURN button once, the camera will take a picture and display it on the display
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screen of the HDMI interface. Actual board test results are shown in Figure 17.3.

Figure 17.3 Monitor display pictures taken by 5640
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Experiment 18 High-speed ADC9226 Acquisition Experiment

18.1 Experiment Objective

Learn about parallel ADC collectors and master the use of ADC9226.

18.2 Experiment Implement

Insert the ADC9226 module face up into the FPGA development board to the GPIO2 and GPIO1
ports which are next to the red-green audio module. Write programs to use this module to test

18.3 Experiment

18.3.1 ADC9226 Module Introduction

ADC9226 module adopts AD9226 chip design of ADI Company. This chip is a monolithic, 12-
bit, 65 MSPS analog-to-digital converter (ADC). It uses a single power supply and has an on-chip
high-performance sample-and-hold amplifier and voltage reference. It uses a multistage
differential pipelined architecture with a data rate of 65 MSPS and guarantees no missing codes

over the full operating temperature range.

See Figure 18.1 for ADC9226 timing diagram.

ANALOG
INPUT

CLocK | | I | | I I | | | | I I I
a1 = -

>
TOD =7.0 MAX
3.5 MIN

Figure18.1 ADC9226 timing diagram

From this timing diagram, we know that there is no need to configure the AD9226 chip, as long

as the appropriate CLOCK is provided, the chip can perform data acquisition.
18.3.2 Program Design

1. AD acquisition sub-module
As can be seen from Figure 18.1, the high bit of AD9226 is bit[0] and the low bit is bit [11], so

the data bit order needs to be reversed in the program.

module ad_9226(
input ad_clk,

input [11:0] ad1_in,
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output reg [11:0] ad_ch
);
always @(posedge ad_clk)
begin
ad_ch[11] <=ad1_in[0] ;
ad_ch[10] <=adl_in[1] ;
ad_ch[9] <=adl_in[2] ;
ad_ch[8] <=ad1_in[3] ;
ad_ch[7] <=adl_in[4] ;
ad_ch[6] <=adl_in[5] ;
ad_ch[5] <=adl_in[6] ;
ad_ch[4] <=ad1_in[7] ;
ad_ch[3] <=adl_in[8] ;
ad_ch[2] <=ad1_in[9] ;
ad_ch[1] <=adl_in[10] ;
ad_ch[0] <=adl_in[11] ;
end
endmodule

2. Data conversion program

The AD9226 module design uses an internal reference source. VREF is the output port of the
reference source, which can be used for 1V and 2V reference voltages. It can be selected through
SENCE. When SENCE is grounded, a 2V reference is provided, and when SENCE is connected to
VREF, a 1V reference is provided. The module uses a 2V reference power supply. VINA input range
is 1.0 ~ 3.0V.

The 22 (12) pin of AD9226 has the function of collecting data selection. There are two input
and output data formats of AD9226. For the specific format, refer to the 9226 datasheet. The 22
(12) pin of the AD9226 module in this experiment is connected to high level, so it uses Binary
Output Mode. The BCD conversion submodule has been introduced in Experiment 8 and is not

repeated here.
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module volt_cal(

input wire ad_clk,
input  wire [11:0] ad_ch1,
output [19:0] chl_dec,
output reg chl_sig

);

reg [31:0] chl_data_reg;

reg [11:0] chl_reg;

reg [31:0] chl_vol;

always @(posedge ad_clk)

begin

end

if(ad_ch1[11]==1'b1) begin
chl_reg<={1'p0,ad_ch1[10:0]};
chl_sig<=0;
end
else begin
chl_reg<={12'h800-ad_ch1[10:0]};
chl_sig<=1;

end

always @(posedge ad_clk)

begin

end

chl_data_reg<=chl_reg * 2000;

chl_vol<=chl_data_reg >>11;

bcd bed1_ist(

.hex (ch1_vol[15:0]),
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.dec (ch1_dec),

.clk (ad_clk)

endmodule

3. 9226 module AD acquisition range selection
The attenuation range of the AD acquisition module is divided into gears. Press the UP key
on the development board to switch the range.

Table 18.1 Gear shift indication table

Gear comparison table (input voltage Corresponding indicator
percentage)
4% ledO lit
8% ledoO, led1 lit
20% ledO, led1, led2 lit
40% ledO, ledl, led2, led2 lit

module range (

input wire clk ,
input wire rst_n ,
input  wire key ,
output wire [3:0] led ,
output wire [1:0] scope

);

wire flag_switch;

key_process key_process_inst(

.clk (clk) ,
rst_n (rst_n) ,
.key_switch (key) )
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flag_switch
);
reg [1:0] scope_st =00 ;

reg [3:0] led_temp =4'he ;

(flag_switch)

always @ (posedge clk ,negedge rst_n)

begin
if (~rst_n)
begin
scope_st<= 0
led_temp<= 4'he
end
else begin

’

case (scope_st)

0: begin

end

1: begin

end

2: begin

end

led_temp<= 4'he
if (flag_switch )

scope_st<= 1

led_temp<= 4'hc
if (flag_switch )

scope_st<= 2

led_temp<= 4'h8
if (flag_switch )

scope_st<= 3
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3: begin

led_temp<= 4'h0

if (flag_switch )

scope_st<= 0

end
endcase
end
end
assign led = led_temp;
assign scope=  scope_st;
endmodule

’

4. Main program design

The main program is divided into three sub-programs, which are AD_9226 acquisition

module, data conversion calculation module volt_cal, and voltage value segment display module.

The segment display part has been introduced in the previous experiment and will not be

introduced here.

input  wire
input  wire
input  wire
input  wire

input wire [11:0]
output wire
output wire [5:0]
output wire [3:0]
output wire
output wire

output wire [7:0]

module high_speed_ad_test(

sys_clk,
otr,
key_switch,
sys_rst_n,
adl_in,
adl_clk,
sel,
led ,
cain_a,
cain_b,

sm_db
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assign adl_clk=sys clk;

assign  sm_db={pointl, ~sm_db r};

wire [19:0] chl_dec;

wire [11:0] ad_ch1;

wire chl_sig;

wire pointl;

wire [6:0] sm_db _r;

ad_9226 ul (
.ad_clk (sys_clk),
.adl_in (ad1_in),
.ad_ch (ad_ch1)

);

volt_cal u2(
.ad_clk (sys_clk),
.ad_ch1l (ad_ch1),
.chl_dec (ch1_dec),
.chl_sig (ch1_sig)

);

led_seg7 u3(
.clk (sys_clk),
.rst_n (sys_rst.n ),
.otr (otr),

.ch1l_sig (ch1_sig),

.ch1l_dec (ch1_dec),
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.sel (sel),

.pointl (pointl),
.sm_db (sm_db_r)
);
range u4(
.clk (sys_clk),
rst_n (sys_rst_ n ),
key (key_switch),
led (led),
.scope ({cain_b,cain_a})
);
endmodule

18.4 Experiment Verification

1. Pinassignment

Signal Name Port Description Network Name FPGA Pin
sys_clk System clock C10_50MCLK G21
sys_rst_n System reset KEY1 Y4
lg_en ADG612 input 1025 AB20
hg_en ADG612 input 1024 AA20
adl clk Ad acquisition clock 1028 R16
otr Input voltage overrange flag 101 AA13
sm_db[0] Segment selection SEG_PA B15
sm_db[1] Segment selection SEG_PB E14
sm_db[2] Segment selection SEG_PC D15
sm_db([3] Segment selection SEG_PD C15
sm_db[4] Segment selection SEG_PE F13
sm_db|[5] Segment selection SEG_PF E11

289 / 304



sm_db[6] Segment selection SEG_PG B16
sm_db[7] Segment selection SEG_DP Al6
sel[0] Bit selection SEG_3V3_DO E12
sel[1] Bit selection SEG_3V3 D1 F11
sel[2] Bit selection SEG_3V3 D2 E13
sel[3] Bit selection SEG_3V3_D3 E15
sel[4] Bit selection SEG_3V3 D4 D19
sel[5] Bit selection SEG_3V3_D5 F14
adl_in[0] AD9226 acquisition data bus 100 V12
adl_in[1] AD9226 acquisition data bus 105 Y13
adl_in[2] AD9226 acquisition data bus 104 AB13
adl_in[3] AD9226 acquisition data bus 103 AB14
adl_in[4] AD9226 acquisition data bus 106 w13
adl_in[5] AD9226 acquisition data bus 102 R14
adl_in[6] AD9226 acquisition data bus 107 AAl14
adl_in[7] AD9226 acquisition data bus 1029 ule6
adl_in[8] AD9226 acquisition data bus 1030 AA15
adl_in[9] AD9226 acquisition data bus 1031 T16
adl_in[10] AD9226 acquisition data bus 1027 V16
adl_in[11] AD9226 acquisition data bus 1026 Uiz
led0 Input signal attenuation LEDO 15
indicator
ledl Input signal attenuation LED1 J6
indicator
led2 Input signal attenuation LED2 H5
indicator
led3 Input signal attenuation LED3 H6
indicator
key_switch Attenuation switch PB2 V5
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2.

Board verification

Use this experimental development board to connect the DA9667 module to generate a
1M sine wave as a signal source. Use the AD9226 module to connect to GPIO1 and GPIO2 of
the PRA040 development board and apply a logic analyzer to capture the signal as shown in
Figure 18.2. The following waveform can be observed. From the left to the right of the
segment display, the first segment display is selected and lit to indicate that the input
measurement voltage exceeds the AD9226 measurement range (the absolute value of VINA-
VINB is less than or equal to the reference voltage, and the reference voltage of this module
is 2V). The second segment display shows the sign of the input voltage (VINA-VINB). The last
four digits are the input voltage value. When the input signal value is a slowly changing

signal, the segment display can display the signal voltage amplitude.

8@ 2019/08/17 01:41:14 [000.1 elapsed)
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Figure 18.2 Measured signal waveform of AD9226 captured by logic analyzer
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Experiment 19 DAC9767 DDS Signal Source Experiment

19.1 Experiment Objective

1. Learn about DDS (Direct Digital Synthesizer) related theoretical knowledge.
2. Read the AD9767 datasheet and use the AD9767 to design a signal source that can
generate sine, square, triangle, and sawtooth waves.

19.2 Experiment Implement

Learn about DDS theoretical knowledge.

2. On the basis of understanding the principle of DDS, combined with the theoretical
knowledge, use AD9767 module and development board to build a signal source whose
waveform, amplitude and frequency can be adjusted. (There are no specific requirements
for the adjustment of waveform, amplitude, and frequency here, as long as the

conversion can be adjusted by pressing a button).

19.3 Experiment

19.3.1 DDS Introduction

The DDS technology is based on the Nyquist sampling theorem. Starting from the phase of
the continuous signal, the sine signal is sampled, encoded, and quantized to form a sine function
table, which is stored in the ROM. During synthesis, phase increment is changed by changing the
frequency word of the phase accumulator. Phase increment is what is called step size. The
difference in phase increment results in different sampling points in a cycle. When the clock
frequency, or the sampling frequency does not change, the frequency is changed by changing the
phase. The block diagram is shown in Figure 19.1.

Frequency information
(phase increment)

!

Phase Waveform Low pass
5 V DAC > ) pas:
accumulator map filter

f

Fixed frequency

Y
Y

clock signal

Figure 19.1 DDS block diagram
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19.3.2 AD9767 Configuration Introduction

The AD9767 module uses ADI's AD9767 DAC chip, which is a 14-bit, 125MSPS conversion
rate high-performance DAC device. It supports the IQ output mode and can be used in the

communications.

AD9767 interface timing requirements. As shown in Figure 15.2 below, when the rising edge
of the clock comes, the data must remain stable for ts time. After the rising edge of the clock, the

data must remain stable for th to be correct.

-t -t -

DATA IN

(WRT2) (WRT1/IQWRT) \ /7"'! tow 5|<
(CLK2) (CLK1/1QCLK) // 7 E'
/ -ty

louta
OR

louts

—=| tpp

00617002

Figure 19.2 9767 interface timing diagram

19.3.3 Waveform Memory File Configuration

The waveform storage area file is dds_4096x10b_wave_init.coe. For the specific making
process, refer to the use of the *.coe file in the experiment 9. The file containing the waveform
information is stored in the ROM. After the project file is programmed into the FPGA, the FPGA
directly reads the waveform information from the ROM and sends it to the AD9767 interface, and
then outputs the corresponding waveform on the AD9767 module. The waveform storage is as

shown in Figure 19.3.
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’
Block Memory Generator (8.4) ’
@ Documentation - IP Location (' Switch to Defaults

IP Symbol  Power Estimation Component Name  rom_dds_4096_10

Show disabled ports Basic | PortAOptions | Other Options  Summary

Pipeline Stages within Mux | 0 Hlux Size: 1x1

Memory Initialization

/| Load InitFile

CoeFile i7_testsres/sources_1/new/dds_4096x10b_wave_init coe

Fill Remaining Memory Locations

Remaining Memory Locations (Hex) 0

” + BRAM PORTA Structural/UniSim Simulation Model Options
Defines the type of wamings and outputs are generated when a
read-write or write-write collision occurs

Collision Warnings | Al

Behavioral Simulation Model Options

Disable Gollision Wamings Disable Out of Range Warnings

Figure 19.3 Wave file storage

19.3.4 Program Design

1. The main program includes waveform selection, mode selection, frequency adjustment, and

amplitude adjustment. The specific code is as follows:

module dac_9767_test(
input wire sys_clk_50m,
input wire rst_n,
(*mark_debug="true"*) output mode,
output wire dac_clk,
output wire led ,
input  wire mode_adjust,
input  wire a_adjust,
input  wire f_adjust,
input  wire wave_adjust,
output reg [13:0] data_out
);
wire [9:0] douta ;
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wire clk_50m ;
BUFG BUFG_inst (
.O(clk_50m),

A(sys_clk_50m)

wire locked ;
wire clk_100m ;
pll_50 100 pll_50_100 inst
(
.clk_out1(clk_100m),
.clk_out2(dac_clk), //nclk_100m
.reset(0),
.locked(locked),

.clk_in1(clk_50m));

reg rst. ng=0;

always @ (posedge clk_100m)

rst_n_g<=locked &rst_n;

wire A_ctrl ;

wire F_ctrl;

wire wave_switch ;

wire mode_ctrl ;

reg [1:0] base_addr =0;
reg [3:0] base_A =0;

reg [1:0] a_st =0;
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always @ (posedge clk_100m , negedgerst_n_g )
begin
if (~rst_n_g)
base_addr <=0;
else if (wave_switch)
base_addr <= base_addr +1;
else base_addr <= base_addr;

end

always @ (posedge clk_100m, negedgerst n_ g )
begin
if (~rst_n_g)
begin
base_A <=1;
a_st <=0;
end
else begin case (a_st)
0: begin
base_A <=8§;
a_st <=1
end
1: begin
if (A_ctrl)
begin
a_st<=2;
base_A <=11;
end

else begin
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a_st<=1;
base_A <=8;
end
end
2: begin
if (A_ctrl)
begin
a_st<=3;
base_A <=15;
end
else begin
a_st<=2;
base_A <=11;
end
end
3: begin
if (A_ctrl)
begin
a_st<=1;
base_A <=8;
end
else begin
a_st<=3;
base_A <=15;
end
end
default :begin
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base_A <=1;
a_st <=0
end
endcase
end

end

always @ (posedge clk_100m , negedgerst n_ g )
begin
if (~rst_n_g)
data_out<=0;
else data_out<= douta * base_A;

end
reg [9:0] addr_r =0;
reg [9:0] addr_temp_F =1;

reg [3:0] f_st=0;

always @ (posedge clk_100m , negedge rst n_ g )

begin
if (~rst_n_g)
begin
addr_temp_F <=0;
f st <=0;
end

else begin case (f_st)
0: begin

addr_temp_F<=0;
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1:

2:

3:

end
begin
addr_temp_F<=1;
if (F_ctrl)
f st <=2;
end
begin
addr_temp_F<=2;
if (F_ctrl)
f st <=3;

end

begin

addr_temp_F <=3;
if (F_ctrl)
f_st <=4,

end

begin
addr_temp_F<=4;
if (F_ctrl)
f st <=5;

end

begin
addr_temp_F<=5;
if (F_ctrl)
f st <=6;

end
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6: begin
addr_temp_F<=6;
if (F_ctrl)

f st <=7;
end

7:  Dbegin

addr_temp_F<=8;

if (F_ctrl)
f st <=1;
end
default : f st <=1;
endcase
end
end

always @ (posedge clk_100m , negedge rst_n_g
begin
if (~rst_n_g)
addr_r <=0;
else
addr_r <=addr_r+1+addr_temp_F;
end
(*mark_debug="true"*)reg [11:0] addra=0;
always @ (posedge clk_100m , negedge rst_n_g

begin

)
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if (~rst_n_g)
addra <=0;
else addra<={base_addr, addr_r };
end
reg mode_r=0;
always @ (posedge clk_100m, negedgerst n g )
begin
if (~rst_n_g)
mode_r<=0;
else if (mode_ctrl) mode_r <=~"mode_r;
else mode_r <=mode_r;
end
assign mode=mode_r;
assign led=~"mode_r ;

key_process (

.clk (clk_100m ) ,
.rst_n (rst._n_g ),
.key_switch (wave_adjust) ,
.key_adjust (a_adjust ),

.key_add (f_adjust )
.key_sub (mode_adjust)

flag_switch  (wave_switch),

flag_adjust  (A_ctrl ),
.flag_add (F_ctrl ),
flag_sub (mode_ctrl )

);
rom_dds_4096_10 rom_dds_4096_10_inst (

.clka(clk_100m), // input wire clka
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.addra(addra),
.douta(douta)
);

endmodule

// input wire [11 : 0] addra

// output wire [9 : 0] douta

19.4 Experiment Verification

1. Pin assignment

Signal Name Port Description Network FPGA Pin
Name
sys_clk_50m System clock C10_50MCLK G21
mode 9767 mode control 1024 AAl14
wave_adjust Waveform selection key2 V5
a_adjust Amplitude selection key3 Y6
f_adjust Frequency selection key4 AB4
mode_adjust Mode selection key6 AA4
led Mode indicator light LEDO J5
dac_clk 9767 driving clock 1028 w13
rst_n System reset keyl Y4
data_out[0] AD9767 data bus 101 uile
data_out[1] AD9767 data bus 100 AA15
data_out[2] AD9767 data bus 105 T16
data_out[3] AD9767 data bus 104 V16
data_out[4] AD9767 data bus 103 uiz
data_out[5] AD9767 data bus 106 R16
data_out[6] AD9767 data bus 102 AB20
data_Out[7] AD9767 data bus 107 AA20
data_out[8] AD9767 data bus 1029 AA13
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data_out[9] AD9767 data bus 1030 Y12
data_out[10] AD9767 data bus 1031 Y13
data_out[11] AD9767 data bus 1027 AB13
data_out[12] AD9767 data bus 1026 AB14
data_out[13] AD9767 data bus 1025 R14

2.Board verification

After the FPGA development board is programmed, press the right key (mode), and the

mode indicator led0 lights up.

Then waveform can be chosen according to UP key (waveform selection), RETURN key

(amplitude selection), LEFT key (frequency selection). (This experiment is only to introduce the

theoretical knowledge of DDS and verify its correctness. Therefore, only four types of waveforms

are set, which are sine wave, square wave, triangle wave, and sawtooth wave. The frequency and

amplitude are also randomly set.) Figure 19.4 below shows four waveforms of the oscilloscope

measuring the output of the 9767 module.

Figure 19-4c Triangle wave

Figure 19-4d Sawtooth wave
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