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Chapter 1
Overview

his Manual will introduce the various application demonstrations on Comet

A65 SoM Evaluation Kit. These demonstrations cover most of the interfaces

on the board. Let users familiarize using these interfaces of the board.
Demonstrations according to FPGA fabrics are divided into three categories:

B Pure use of FPGA fabric resources (Chapter 2)
B PCle reference design resource (Chapter 3&4)

B Transceiver Verification (Chapter 5)

Finally, to complete the following demonstration, user needs to install the following
software in the computer:

B Intel Quartus® Prime Pro Edition Software Version 25.3.1 or later.

Note: To run the demo batch file with the Nios V CPU of the demonstration on
Windows system, user need to install the Ashling RiscFree IDE together with

Quartus software, then you can run the batch file.
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Chapter 2
Examples For FPGA

his chapter provides examples of advanced designs implemented by RTL or

Qsys on the Comet A65 SoM Evaluation Kit. These reference designs cover

the features of peripherals connected to the FPGA, such as LPDDR4,
temperature monitor, PLL clock setting and Power monitor. All the associated files can
be found in the directory \Demonstrations\FPGA of Comet A65 SoM Evaluation Kit
System CD.

2.1 Basic Nios V control demo for

Temperature/ Power/ Fan

This demonstration shows how to use the Nios V processor to measure the power
consumption based on the built-in power measure circuit. The demonstration also
includes a function of monitoring system temperature with the on-board temperature
sensor and monitoring fan rotation speed.

B System Block Diagram

Figure 2-1 shows the system block diagram of this demonstration. The 12V input power
monitor, temperature sensor and fan controller connected to the system MAX10 FPGA
and controlled by internal logic circuits. All collected status data or control commands
will be sent to the SPI slave block so that the Agilex FPGA can read it through the SPI
interface.

In the Agilex FPGA, an SPI master IP (implemented by HDL) will read these external
sensor data from the MAX10 FPGA through SPI interface. The Nios system will read
this information through PI1O controllers.
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12C +——» System Power
Controller Monitor

Figure 2-1 Block Diagram of the Nios V Basic Demonstration

The system provides a menu in command line window, as shown in Figure 2-2 to

provide an interactive interface. With the menu, users can perform the test for the board

info sensor. Note, pressing ‘ENTER’ should be followed with the choice number.

3] C:AWINDOWS\system32\cmd. X Sl se

Transfer rate: 514 KB/sec, 22129 bytes/write.
[Inferior 1 (Remote target) detached]
juart-terminal: connected to hardware target using JTAG UART on cable
juart-terminal: "Comet A65 [USB-1]", device 1, instance ©
juart-terminal: (Use the IDE stop button or Ctrl-C to terminate)

Agilex Demo Program
[6] Display Board Info
Input your chioce:®
==== Temperature ====

FPGA: 36*C

Board 1: 32*C

Board 2: 34*C

25*C

Fan RPM: 2580

= Power (12V) Monitor
Voltage =
Current =
Power =
Core Power Monitor

Voltage
Current
Power

Display Board Info Test
Agilex Demo Program ==

[6] Display Board Info

Input your chioce:

Figure 2-2 Menu of Demo Program
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In board info test, the program will display local temperature, remote temperature, 12V

input power monitor and fan rotation speed. The remote temperature is the FPGA

temperature, and the local temperature is the board temperature where the temperature

sensor located. The board also provides circuitry to monitor important voltages, currents

and power consumption in real time.

Demonstration File Location

Hardware project directory: Board_Info_NiosV

Bitstream used: golden_top.sof

Software project directory: Board_Info_NiosV\software
Demo batch file: Board_Info_NiosV\demo_batch\test.bat

Install Ashling RiscFree IDE

Before executing this demo with RISC-V core, users need to install Ashling RiscFree

IDE for Intel® FPGASs to ensure that this batch file can be executed correctly. The file

name should be RiscFreeSetup-<Quartus Version>-windows.exe. Users can find it

under the Quartus Pro download page (Individual Files tab).

|
1.
2.
3.

Demonstration Setup and Instructions
Make sure Quartus Prime is installed on the Host PC.
Power on the FPGA board.
Use the USB Cable to connect your PC and the FPGA board and install USB
Blaster Il driver if necessary.
Execute the demo batch file “test.bat” under the batch file folder:
Board_Info_NiosV\demo_batch.
After the Nios V program is downloaded and executed successfully, a prompt
message will be displayed in command line window.
For temperature, power monitor and fan test, please input key ‘0’ and press ‘Enter’
in the command line window, as shown in Figure 2-3.
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2.2 Board Information IP

CAWINDOWS\system32\emd.. X

juart-terminal:
juart-terminal:

8 )

Transfer rate: 514 KB/sec, 22129 bytes/write.

[Inferior 1 (Remote target) detached]

juart-terminal: connected to hardware target using JTAG UART on cable
"Comet A65 [USB-1]", device 1, instance ©

(Use the IDE stop button or Ctrl-C to terminate)

Agilex Demo Program

[e] Display Board Info
Input your chioce:®@
==== Temperature ====

FPGA: 36%*C
Board 1: 32%*C
Board 2: 34#*C
Power: 25%*C

Fan RPM: 2580

Power (12V) Monitor

Voltage
Current
Power
Core Power Monitor
Voltage
Current
Power

4.975

Display Board Info Test:PASS

Agilex Demo Program

[e] Display Board Info
Input your chioce:

Figure 2-3 Board Info Demo

This section will introduce an IP which can be placed in the Agilex FPGA and allows

users to obtain board status information such as power, temperature status and fan

speed on the Comet A65 Evaluation board.

The Comet A65 Evaluation board provides several sensors to monitor the status of the

board, such as FPGA temperature, board power monitor, and fan speed status. These

interfaces are connected to the system MAX FPGA on the board. The logic in the system

MAX FPGA will automatically read the status values of these sensors and store them in

the internal register. As shown in Figure 2-4, there is an SPI slave IP in the system MAX

FPGA will read the value of the board status from these registers and it can be output

to SPI master logic via SPI interface.
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BOARD_INFO
(SPI Master)

Info_Valid
Board_Version
MaxCode_Version
Powerln_Voltage
Powerln_Current

4-WIRESPI s o

Figure 2-4 Block diagram of the fan speed control demonstration

User can place a board information IP (BOARD_INFO.v ; SPI master) provided by
Terasic in the Agilex FPGA, the board status can be obtained via SPI interface from the
system MAX FPGA and output to user logic.

The board information IP can be obtained from the following path in the system CD:
Demonstration/FPGA/Board_info_RTL/board_information_ip/BOARD_INFO.v

Figure 2-5 shows the input and output pins of the board information IP. Detailed pin
descriptions and functions can be obtained from Table 2-1. The user only needs to
provide the IP 50Mhz clock and the reset control signal. The IP will automatically
communicate with the system MAX FPGA to get the board status value via the SPI
interface. When the logic level of the Info_Valid signal is from low to high, it means that
the board status has been updated and can be used.

Finally, Figure 2-6 shows the status of the IP during execution.
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Input Clock ———»| RESET_N
andReset | CLK_50

SCLK '

MISO &
MOsl —————

CS_n I

Info_Valid
Board_Version[15:0]
MaxCode_Version[15:0]
Powerln_Voltage[15:0]
Powerln_Current[15:0]

CORE_Current [15:0]
Fan_Speed([15:0]
Temp_Beard[15:0]
Temp_Board2[15:0]

Te System Max
SPl interface

Ta User Legic

—
[
[l
[l
[,
CORE_Voltage [15:0] [
[
i
[
o
0
i
[l

Shutdown_flag[15:0]

Temp_FPGA[15:0]
PIN_STATUS[15:0]

Figure 2-5 Pin out of the board information IP

Table 2-1 Board information IP input and output ports

Clock input for IP, please input 50Mhz
CLK_50 Input 1
clock.
RESET_N Input 1 Reset signal for IP, reset all logic.
Master 12C data . Please connect this
12C_SDA BIR 1 _ .
signal to the FPGA_I2C_SDATDpin.
Master 12C clock, 12C master output to
12C_SCL Output 1 slave. Please connect this signal to the
FPGA_I2C_SCLK pin.
. Information valid, logic high indicates
Info_Valid Output 1
board status updated ready.
This information indicates the version of
Board_Version |Output 16 the DE25-STANDARD board. It will be
started at 0xO00A.
This information indicates the version of
MaxCode_Versi _
Output 16 the System MAX 10 FPGA code. It will

on

be started at 0x0001.
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Powerln_Voltage

Output

16

12V Voltage, the unit of the output value
is mV. If the Powerln_Voltage output
value is “12050” that means 12.05V for
12V power

Powerln_Current

Output

12V Current, the unit of the output value
is mA. If the Powerln_Current output
value is “1000” that means 1A for 12V

power

Fan_Speed

Output

16

First fan speed of the board. The unit of
the output value is RPM.

Temp_ Board

Output

First ambient temperature of the
development board. The unit of the
output value is Celsius.

Temp_Board2

Output

16

Second ambient temperature of the
development board. The unit of the
output value is Celsius.

Temp_ FPGA

Output

16

Core FPGA temperature of the
development board. The unit of the
output value is Celsius.

CORE_\Voltage

Output

16

CORE Voltage, the unit of the output
value is mV. If the CORE_Voltage output
value is “790” that means 0.79V for
CORE power

CORE_Current

Output

16

CORE Current, the unit of the output
value is 10mA. If the CORE_Current
output value is “100” that means 1A for
CORE power

Shutdown_flag

Output

16

BIT6~15 : Reserved to 0.

BIT5: 1 ,when Input 12V power >=80W
BIT4: 1 ,when CORE IC Temperature
>=95°C

BIT3: 1 ,when CORE Current >=45A
BIT2: 1 ,when FPGA Temperature
>=95°C

BIT1: 1 ,when Board2 Temperature

>=95°C
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BITO: 1 ,when Board Temperature
>=95°C

BIT8~15 : Reserved to 0.

BIT7: FAN_ALERT_n, When the fan
speed is abnormal, this bit is 0.

BIT6: Reserved to 1.

BIT5: When shutdown occurs, this bit is
0.

PIN_STATUS  |Output 16
BIT4: Reserved to 1.
BIT3: Reserved to 0.
BIT2: FPGA_CONF_DONE,FPGA
Configure success, this bit is 1.
BIT1: Reserved to 1.
BITO: Reserved to 1.
E-BOARD_INFO_i|Board_Version[15..0] 000Bh
E-BOARD_INFO_i|MaxCode_Version[15..0] 0003h
E-BOARD_INFO_i|CORE_Voltage[15..0] 752
E-BOARD_INFO_i|CORE_Current{15..0] 62
E-BOARD_INFO_i|Fan_Speed[15.0] 3160
E-BOARD_INFO_i|Temp_FPGA[15.0] a0
E-BOARD_INFO_i|Temp_Board[15..0] 36
E-BOARD_INFO_i|Temp_Board2[15..0] 38
E-BOARD_INFO_i|PIN_STATUS[15..0] O0F7h
E-BOARD_INFO_i|Shutdown_flag[15..0] 000Bh
E-BOARD_INFO_i|Temp_POWER[15..0] 30
E-BOARD_INFO_i|Powerln_Voltage[15..0] 2575
E-BOARD_INFO_i|Powerin_Current[15..0] 1131
BOARD_INFO_ijInfo_Valid

Figure 2-6 Waveform of the board status output

2.3 Si5340B IP

There is a SKYWORKS Si5340B clock generator on the Comet A65 Evaluation board
can provide adjustable frequency reference clock (See Figure 2-7 for XCVR 1B/4A/4B).
The Si5340B clock generator can output differential frequencies though 12C interface
configuration. This section will show you how to use FPGA RTL IP to configure each
Si5340B PLL and generate users desired output frequency to each peripheral.

The Si5340B control IP is in the System CD folder:
"\Demonstrations\FPGA\Si5340B_clock_controller\Si5340B_IP"
Developers can use the IP directly in their Quartus top. Developers can refer to the
example in Demonstrations/Si5340B_Clock_Controller folder. This example shows how

to instantiate the IP in Quartus top project.
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$025-125000-03A-FGE-TCA
125MHz | Clock for COnﬁguratIon and Transceiver Calibration

osc

1:4 Clock Buffer
Si53307-B-GM 3.3vVLvCMOS

50MHz
50MHz x3

intel)

2 AGILEX

Figure 2-7 Clock tree of the Comet A65 Board

B Si5340B IP Block Diagram

Figure 2-8 shows the Block Diagram of Si5340B IP. The Si5340B configuration data is
stored in a ROM. The ROM contains register data to configure Si5340B via 12C interface.
The register data original come from SKYWORKS ClockBuilder Pro Utility. The ROM
content is initialized by a Memory Initialization File (.mif) file. The IP is located in the
System CD folder:

CD\Demonstration\FPGA\Si5340B_Clock_Controller\Si5340B_IP

o

Content MIF
4" nt T File
12C >

Figure 2-8 Si5340B IP Block Diagram
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B _MIF File Generation

Figure 2-9 shows the flow to generate the .mif Memory Initialization File which is used
to initialize ROM in Si5340B IP. First, users have to download SKYWORKS
ClockBuilder Pro software utility. Then launch ClockBuilder Pro and open Terasic
Si5340B golden project. In ClockBuilder Pro, users modify desired output frequency
and export register setting file (.txt). Finally, use Terasic ROM_MIF.exe tool to convert
the register setting file (.txt) to a ROM initialization file .mif. The ROM_MIF.exe tool and
Si5340B golden project are located in the System CD folder:
CD\Demonstration\FPGA\Si5340B_Clock_ControlleNTXT2MIF

Terasic Si5340B

¢ Project

Register Setting
Ixt

v

ROM Init
.mif

Figure 2-9 MIF Generation Flow

B Step by Step to Update Register ROM in Si5340B IP

If the Si5340B built-in frequencies are not users’ desired, users can refer to the below
steps to the modify register parameter settings (stored in ROM) to make Si5340B to
output desired frequencies.

1. Firstly, download ClockBuilder Pro Software (See Figure 2-10), which is
provided by SKYWORKS. This tool can help users to set the Si5340B’s output
frequency of each channel through the GUI interface, and it will automatically
calculate the Register parameters required for each frequency. ClockBuilder Pro
4.11 is recommended. The tool download link:

asiC Comet AB5 Kit 14 www. terasic.com
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https://www.skyworksinc.com/en/application-pages/clockbuilder-pro-software

1]
© | ClockBuilder Pro Wizard =
O | We Make Timing Simple SKYWORKS

Work With a Design Quick Links

E\o Create New PFO.Q(E Skyworks Timing Solutions
Knowledge Base
. Open proiect Custom Part Number Lookup

Applications Documentation

: Convert Existing Project/NVM File

10/40/100G Line Card Whitepaper
Clock Generators for Cloud Data Centers
Open Sample Project Optimizing Jitter Performance

Selecting the Right Clocks for Timing Synchronization
Applications
#: No EVB Present

i PCle Gen 4,0 Jitter Requirements
No evaluation board has been detected. RN qUlCmED
Selecting a PCle Reference Clock Source

Making Accurate Clock Jitter Measurements

ClockBuilder Pro Documentation

CBPro Overview

CBPro Tools & Support for In-System Programming
CLI User's Guide

Release Notes

Version 4.11
Built on 2023/8/21

Figure 2-10 ClockBuilder Pro Wizard

Launch ClockBuilder Pro, click “Open Project” to open Terasic Si5340B Golden
project Terasic_Si5340B.slabtimeproj as shown in Figure 2-11. The Si5340B project
is located in the system CD folder:

CD\Demonstration\FPGA\Si5340B_ Clock_ControllenTXT2MIF

B8 ClockBuilder Pro Vizard - Skyworks & Open CBPro Project File
- - <« “ 4 ||« CD » §i5340B_Clock Controller_revB_Q25.3 testpass > TXTZMIF
@ | ClockBuilder Pro Wizard
i ) HawE -  HEESR
O We Make Timing Slmple Sk HDMITX SIS3: A =% - AN
\ r \ ] si3332_project B Terasic_Si53408 slabtimepraj 2024/11/26 £5
Work With a Design Quick Links Si5340B_Clock.
. Si53408 1P
|:‘ Create New Project Skyworks Timing Solutions
o =k
Knowledge Base =
E 0 pen Project Custom Part Number Lookup -: f:;:#
Applications Documentat s
: Convert Existing Project/NVM File )=z
10/40/100G Line Card Whitepaper o=z
X Clock Generators for Cloud Data Ci =k
Open Sample Project Optimizing Jitter Performance EE
Selecting the Right Clocks for Timi{ B8 g:
. Applications &= Windows ()
" F_IEId Programmer Detected PCle Gen 4.0 Jitter Requirements = Data (D)
Field Programmer INVM RlogEm TOOH EiBCUL I Selecting a PCle Reference Clock § - SEEEE)
Making Accurate Clock Jitter Meas - THEEF)
= = - FHEEG)
ClockBuilder Pro Docume
EEZEN)
CBPro Overview
CBPro Tools & Support for In-Systg
Figure 2-11 Open Project in CBPro
asiC Comet AB5 Kit 15 www.terasic.com
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3. As shown in Figure 2-12, click “Outputs” to open Output Clocks page.

[E Terasic_Si53408 - ClockBuilder Pro - O x

ClockBuilder Pro v % =

Design Dashboard w Configuring Si5340AB Rev D

Loaded Si5340 design from G\joe\Comet-A&5\revB\CD\Si5340B_Clock_Controller_revB_0Q25.3_testpass\TXT2MIF
“Terasic_Si5340B.slabtimeproj.

Zk Edit Configuration with Wizard il Field Programmer Detected
Design ID & Notes - Revision - Host Interface - "™ Target  Wired to PCB (serial)

Input Clocks 8 ZDM - Input Clock Select -

Interface: ‘ 12C Address 0x60 / 96d; 400 kHz; 3.3V ﬂ

[ Write Design to DUT | [ Open EVB GUI |

=4 Save Design to Project File ¢? Export
Your configuration is stored to a project file, which can You can export your configuration to a format suitable
be opened in ClockBuilder Pro at a later time. for in-system programming.

Figure 2-12 Click “Outputs” in CBPro

4. Inthe Output Clocks page, specified desired output frequencies and click “Finish”
button as shown in Figure 2-13.

ClockBuilder Pro vas e
Step 6 of 10 - Output Clocks v Configuring Si5340AB Rev D
Disabled N Divider / I (-]

Output Mode State Format Frequency DCO /ZDN -

outo  [Enabl._ [ [Stoplow [ [tvDs18v [ [156.25MHz B0 @ (o]

outt  [Enabl._ [ [Stoplow [ [tvDs18v [ |184.32 MHz v g @ -f

outz  [Enabl. [ [Stoplow [ [tvDs18v [ 18432 MHz g~0 @

outs  [Enabl_. [ [StopLlow [ [tvDs18v [ (1485 mHz el @

[ Clock Placement Wizard . ] [ FOTF Supported ... ]

@ Frequency Plan Valid @ Design OK Typical Pd 806 mW, Tj 39 = Write tc FP ] [ < Back ] [ MNext > ] [ Finish ] [ Cancel

Figure 2-13 Specify Output Clock Frequencies on CBPro

5. As shown in Figure 2-14, click “Export” in ClockBuilder Pro to open Si5340
Export Dialog.
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ClockBuilder Pro was %

SKYWORKS

Design Dashboard w Configuring Si5340AB Rev D

You did not make any changes to your 5i5340 design.

: Field Programmer Detected
Target: Wired to PCB (serial)

Interface: | 12C Address 0x60 / 96d; 400 kHz; 3.3V ﬂ

Zk Edit Configuration with Wizard

Design ID & Notes - Revision - Host Interface -
Input Clocks 8 ZDM - Input Clock Select -
Output Clocks - DCO - Planner - LOS - INTR

[ write Design to DUT | [ Open EVBGUI |

=) Save Design to Project File 'L" Export
Your configuration Is stored to a project file, which can You can export your configuration to a format suitable
be opened in ClockBuilder Pro at a later time. for in-system programming.

Design Report & Datasheet Addendum Documentation
You can view a design report (text) or create a S5i5341/40 Rev D Family Reference Manual
draft datasheet addendum (PDF) for your design. 5i5341/40 Rev D Datasheet
Si5340 Rev D EVB User's Guide
CBPro Release Notes - CBPro Documentation

-

& Skyworks Cloud Services o Ask for Help
You can create a custom part number for your design, Have a question about your design? Click here to get assistar
which can be used to order factory pre-programmed

devices. Or request a phase noise report for this design.

Figure 2-14 Click “Export” in CBPro

6. In the Si5340 Export dialog, select “Register File” tab. Then, select “Comma
Separated Values (CSV) File”, and check both items “include summary header”
and “include pre- and post-write control register writes” as shown in Figure 2-15.
Finally, click “Save to File...” button to save file as Si5340B-Registers.txt.

$i5340 Export - O X

Introduction | Register File | Settings File | Multi-Project Register/Settings ~ Regmep

About Register Export
This export will contain the registers that need to be written to the $i5340 to achieve your design/
configuration.

A command line version of this tool is available. Type CBProProjectRegistersExport --help from a
command prompt to learn more.

Options
Export Type:

@) Comma Separated Values (CSV) File
Each line in the file is an address,data pair in hexadecimal format. A comma separates the
address and data fields.
() € Code Header File
The register write sequence is expressed in C code via an array of address,data pairs. This can
be used directly in firmware code.
[7] Include summary header
If checked, an informational header will be included at the top of the file. Each line in the header
will be prefixed by the # character. The header will contain some basic information about the
design, tool, and a timestamp.
¥ Include pre- and post-write control register writes
Certain control registers must be written before and after writing the volatile configuration
registers. This ensures the device is stable during configuration download and resumes normal
operation after the download is complete. You can turn inclusion of this sequence off if your host
system is managing this process already.

[ Preview Export . ] L Sawve to File J

Figure 2-15 Save Register Files

asiC Comet AB5 Kit 17 www. terasic.com

===  Demonstration April 27, 2026
Manual



http://www.terasic.com/
http://www.terasic.com/

7. Launch Terasic ROM_MIF utility as shown in Figure 2-16. Click “Generate .MIF”
button and select Si5340B-Registers.txt file generated in previous step, then

Si5340B-Registers.mif is generated.

Terasic RON_M

Generate .MIF

Exit

Figure 2-16 Terasic ROM_MIF utility
8. Use Quartus Pro to open ROM IP file (si5340B_rom.ip) in Si5340B IP. Select
“‘Mem Init” tab, and click file name browse button to select the previous
generated file Si5340B-Registers.mif. Then, click “Generate HDL...” button to
regenerate ROM IP with new content. The ROM IP file is located in the System

CD folder:

CD\Demonstration\FPGA\Si5340B_Clock_Controller\Si5340B_IP

ROM: 1-PORT FPGA IP

rom_1port

—
Wicths/Blk Type/Clks r Regs/ClkeniAclrs rMem Init r Performance Optimization
! |

'~ Memory Initial Mode

Do you want to specify the initial content of the memory?: () ho, leave it blank
(® ‘Yes, use this file for the memory content data

(*f'ou can use a Hexadecimal (Intel-format) File [hex] or a Memory Initialization File [.mif])

File name:

1
[rtroter_revB_025 3_testpass/Si53408_IP/SiS3408_Registers mit] EI
—

[~ In-System Memory Content Editor

Allow In-System Memory Content Editor to capture and update content independently of the system clock

The 'instance D' of this RAM is: |MEM

~|
éi System Messages 50 - M|
Type Path Message
9 0 2 Info Messages

@ 5i5340B_rom.rom_1port_0|Targeting device family: Agilex 5

@ si5340B_rom.rom_1port_0|In 'Mem Init' tab, the intial contert of the memeory must be specified for a ROM

Hame rom_1port
Version 2022
Author Altera Corp)
Description The ROM: 1|
Group Basic Funi
Data Sheet (Cyclone 10 GX) hittps: ww:
Data Sheet (Arria 10) https: A
Data Sheet (Stratix 10) htps: fww: z
[l Il I Dl
4 % [-][-]
r:a Presets % | -0
Presets for rom_1port_0
Show presets for the selected board
[] Ciear preset filters
4 b,
Project
Click New... to create a preset
Library
No presets for ROM: 1-PORT FPGA IP 20.2.2
| Apply | | View | | Delete | New

[I 0 Errors, 0 Warnings

| Generate HOL... |

Figure 2-17 .mif file setting in ROM IP
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2.4 Clock Controller demo for Si5340B

This demonstration shows how to use Si5340B Control IP (written by Verilog) to
configure Si5340B clock generator to generate the desired frequency, and using
Quartus SignalTap Il tool to verify whether the output frequency of Si5340B is correct.

B System Block Diagram

Figure 2-18 shows the system block diagram of this demonstration. The Si5340B clock
generator is controlled by Si5340B IP through the 12C bus. In this demonstration,
Si5340B OUT1 (map to GTSR4B_REFCLK 156M25 p) frequency is changed from
156.25MHz to 184.32MHz when users press the Comet A65 Carrier board’s USER
BUTTON to active the Si5340B reconfigure process. Press Comet A65 SOM’s BUTTON
will reset Si5340B, and the Si5340B will output default frequency 156.25MHz.

A clock frequency measurement module is used to measure the frequency of
GTSR4B_REFCLK_156M25 p input clocks. The measured frequencies are displayed
in SignalTap Il tool. Users can use the SignalTap Il to observe the measured clock
frequency to verify whether the Si5340B output frequency is correct

Si53408B IP

BUTTON RESET _Content MIF

— " co i ;
(SoM) init File
USER BQWON RECONFIG e > Si53408
(Carrier) ’

S XCVR
refclock

Figure 2-18 Block Diagram of the Si5340 Clock Controller Demonstration

B Design Tools

® Quartus Prime 25.3.1 Pro Edition

B Demonstration File Locations

® Hardware project directory: Si5340B_Clock_Controller
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Bitstream used: golden_top.sof
Demo batch file: Si5340B_Clock_Controller\demo_batch\test.bat

Demonstration Setup and Instructions

Make sure Quartus Pro v25.3 is installed on the host PC.

Use the Type-C USB Cable to connect your PC and the FPGA board, install USB
Blaster Il driver if necessary.

Power on the Comet A65 Evaluation board.

Execute the demo batch file “test.bat” under the batch file folder:
Si5340B_Clock_Controller \demo_batch

Using Quartus Pro software to open the SignalTap Il file “stp1.stp” under the batch
file folder: Si5340B_Clock _Controller \demo_batch.

Switch to the SignalTap Il window to observe the clock registers and verify the
frequency. GTSR4B_REFCLK_156M25 p shows default output clock frequency
184,320,000 Hz, as shown in Figure 2-19.

E-fGTSR4B_REFCLK_156M25_5i5340_outl|FREQ[31..0] 184318485

Si53408_IP_inst|clk_ready

Figure 2-19 Signal Tap Il shows 184.32MHz

Press Comet A65 Carrier board’s USER BUTTON, to start Si5340 reconfigure
process. GTSR4B_REFCLK 156M25 p shows 184,320,000Hz as shown in
Figure 2-19.

Press Comet A65 SoM’s BUTTON to reset Si5340. GTSR4B_REFCLK_156M25 p
shows 156,250,000Hz (default frequency) as shown in

Pre-Syn | E-fGTSR4B REFCLK_156M25_5i5340_outl|FREQ[31..0] 156248504

Pre-Syn | Si5340B_IP_inst|clk_ready

Figure 2-20 SignalTap Il shows 156.25MHz

2.5 HDMI_out_RTL in Verilog

Comet A65 Evaluation board system CD offers HDMI (DVI

1.0-compliant) test with its

test code written in Verilog HDL. That is, the output test for the TFP410 IC includes 12C
configuration and the ability to output 1080p@60 with the specified Color Bar.
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B System Block Diagram
Figure 2-21 shows the function block diagram of this demonstration. The VPG (video

pattern generator) uses 50MHz in by PLL to generates 148.5MHz to do input. The
VPG generates a 1080p@60 video timing color bar, which is sent to the TFP410 and
then displayed on the HDMI monitor.

HDMI
‘monitor

Figure 2-21 Block Diagram of the HDMI TX Demonstration

For the TFP410 to output video, the TFP410_12C module must be used to configure the
device via 12C by setting bit 0 of register 0x08 (CTL_1_MODE) to 1, enabling normal
operation.

B Design Tools
® Quartus Prime 25.3.1 Pro Edition

B Demonstration Source Code
® Quartus Project directory: HDMI_out_RTL
® Bitstream used: golden_top.sof
B Demonstration Batch File
Demo Batch File Folder: HDMI_out_RTL\demo_batch.
The demo batch file includes following files:
® Demo Batch File : test.bat
® FPGA Configure File: golden_top.sof

B Demonstration Setup and Instructions
® Make sure both Quartus Pro and UBIII driver are installed on the host PC.

® Connect the HDMI cable to J13 (HDMI Out) on the Comet A65 Evaluation
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board.
® Use the Type-C USB Cable to connect your PC and the FPGA board, install
USB Blaster Il driver if necessary.
Power on the Comet A65 Evaluation board.

Execute the demo batch file “ test.bat” from the directory

HDMI_out RTL\demo_batch.

1080p@60 color bar should be visible on the monitor, as shown in Figure
2-22.

Figure 2-22 The video pattern in the HDMI TX demonstration

2.6 QTH Ivds x4 x4

This demo demonstrates the LVDS TX-RX loopback transmission using the two groups
of 4 lanes each arranged on the carrier board at connector QTH-030 (J3).

B System Block Diagram

In the project, there are two groups (Ilvds_top_inst and Ivds_bottom_inst) of 4-Lane
LVDS loopbacks, and each needs to be compiled separately. Figure 2-23 Show the
block diagram of the 4-Lane LVDS TX-RX loopback.
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FPGA

top_tx_in[15:0] TEST.

CLK_100. P ——» Ivds_* _inst(
2 TX-RX

=4channel,

top_tx_out[3:0] Datarate

=1250Mbps,
SERDES
=4

A

QTH-030
(Carrier-board's J3)
top_rx_in[3:0] Carrier-board's
~ USERLED

top_rx_out[15:0]

Figure 2-23 Block Diagram of the 4-Lane LVDS TX-RX Loopback
For hardware setup, a loopback board needs to be prepared as shown in Figure 2-24.
The main requirement is to connect pin5-6, pin7-8, pin11-12, pin13-14, and so on. .

VCCapa 1 2

31 1=

VDS pd 52 418 LVDS_p0

VDS _n0 T2 8= LVIOS_nl
57 8o

LVDS pi 1] 0z LVDS_p1

VO3 ni 13| 11 12 4 VDSl
151 12 14 7

LVDS_p2 17| 18 18 33 LVDS_p2

VDS 2 w7 18 = VDS il
31 19 20 55

LVDS_p3 il 22 ; LVDS_p3

VDS _n3 % | B ol I VDS _n3
a7 | & 28 33

VDS _pd 38 | &7 28 LVDS_pd

VDS 3 T 30 37 Ry
73 | 21 32 =

LVDS g5 35 | 34 3§ LVDS_pS

VOS_no 37| 2% 38 33 TVOS_nh
e 38

LVDS_pé z7 | 2@ 40 =7 LVDS_pé

VOS it | ¢ 41 3 VDS b
25 | 42 44 g

LVDS _p7 I7 | 45 48 a3 LVDS_p7

VOS_n7 @ |V 48 55 TVOS_n7

= g 50 =

B 3]

GPIO_DO 5z | 91 52 a1 GPIC_DO
GPTO_OT B 52 34 =g TGP0 0T
= 55 56 &5

57 58 VCCIP3
i o[ JCC2IP3
B1 A2
53 MH1  MHZ 53

MH3  MH4

= QSH-0300-FO-AK-TR —

Figure 2-24 loopback board
As shown in the block diagram, a 16-bit test pattern (0x8421) is provided as input to the
LVDS instance. After the LVDS is activated, a 16-bit data output will appear at the
Ivds_inst RX output (rx_out). This output is expected to be 0x8421. When the
comparison is successful, the USER_LED on the carrier board will blink. At the same
time, both the tx_in and rx_out data are sent to the bitslip_controller. The function of the
bitslip_controller is to compare whether tx_in and rx_out have the same value and to
detect if there is any bit shift in rx_out. If a bit misalignment is detected, it will generate
a “1” pulse to the rx_bitslip_ctrl port of the LVDS instance to perform a bit-shift
adjustment on the RX side. This project needs to be compiled separately for two groups.
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When you open the project, you can select the compiler option at the top level.
1. “define ENABLE_QTH_LVDS_TOP will compile the Ivds_top_inst group. The
corresponding FPGA pins and LVDS IP byte-pin settings are shown in Figure 2-25.

TX TX TX T¥ T¥ T¥ RX RX RX R RX RX
Lane channel GTH pin FPGA pin FPGA bank LVDSIPbyte LVD3IPpin  channel GTH pin FPGA pin FPGA bank  LVDS IP byte LVDS IP pin
] T¥0 GTH_30_p0 By ZAB 2 0405~ RX0  GQTH_30 pl BET 2AT 4 080
1 Tl GQTH_ 30 p4 BFO3 ZAT 4 0203 R¥1  QTH_30 p5 BESG 2AT 4 0001
2 T2 QTH_30p10 BRE1 ZAB 2 0807 R¥2 QTH_30pll EF36 24T 4 0403
3 T3 QTH_ 30pl2 BR&Y ZAB 2 “ooo1r R¥3 QTH 30 pl3 BF73 24T 4 tloir

Figure 2-25 ENABLE QTH_LVDS TOP Parameters
2. “define ENABLE_QTH_LVDS_BOTTOM will compile the Ivds_bottom_inst group.
The corresponding FPGA pins and LVDS IP byte-pin settings are shown in Figure
2-26.

TX TX TX TX TX TX R¥ R¥ R¥ R¥ R¥ R¥

Lane channel QTH pin FPGA pin FPGAbank LVDS IPbyte LVDS IPpin  channel QTH pin FPGA pin FPGA bank  LVDS IP byte  LVDS IP pin
0 TH0 QTH_30 p2 BEME1 2AB 3 ~0e07™ R¥0 OQTH_30 p3 BHgY 2AB 3 0203
1 Tl QTH_3016 BW7S 2AB 2 “o1r R¥1  QTH_3017 BK&2 ZAB 3 0403°
2 T¥2 GQTH_30 p8 EBR72 2AB 2 ~0809™ R¥2 QTH_30 p2 BPOZ 2AB 3 ~0001™
3 TH3 QTH_30pl4 BMT8 2AB 3 “o1r R¥X3  QTH_30p15 BH31 ZAB 3 ~0809™

Figure 2-26 ENABLE_QTH_LVDS_BOTTOM Parameters

B Design Tools
® Quartus Prime 25.3.1 Pro Edition

B Demonstration Source Code
® Quartus Project directory: QTH_Ivds_ x4 x4
® Bitstream used: golden_top_top.sof and golden_top bottom.sof

B Demonstration Batch File
Demo Batch File Folder: QTH_Ivds_x4_x4\demo_batch
The demo batch file includes following files:
® Demo Batch File1 : test_top.bat (golden_top_top.sof)
® Demo Batch File2 : test_bottom.bat (golden_top_bottom.sof)

B Demonstration Setup

® Make sure both Quartus Pro and UBIII driver are installed on the host PC.

® Insert your loopback board into the J3 connector on the Comet A65 Carrier
board.

® Connect the HDMI cable to J13 (HDMI Out) on the Comet A65 Evaluation
board.

® Use the Type-C USB Cable to connect your PC and the FPGA board, install
USB Blaster Il driver if necessary.

® Power on the Comet A65 Evaluation board.
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2.7

Execute the demo batch file from the
QTH_Ivds_x4_x4\demo_batch.

Check the USER LED on the carrier board; if it is blinking, it indicates that the
top LVDS data is correct.

Then run “test_bottom.bat” and check the USER LED on the carrier board; if

it is blinking, it indicates that the bottom LVDS data is correct.

“test_top.bat” directory

RTL_LPDDR4_AXI4 Test

This demonstration performs a memory test function using RTL code on the three
LPDDR4 modules of Comet A65 SoM board. The LPDDR4-A module is controlled by
FPGA fabric in this demo. The memory size of each LPDDR4 used in this test is 4GB.

B Function Block Diagram

Figure 2-27 shows the function block diagram of this demonstration. There are three
LPDDRA4 controllers IP (LPDDR4A, LPDDR4B and LPDDRA4C) in this project. All of the
controllers use 166.666MHz as a reference clock. The test program will write data into
LPDDRA4, after writing 4GB capacity, it will read the values from LPDDR4 and check
whether there is any error.

FPGA
EMIF_Qsys
LPDDR4A
SDRAM IS
EMIF
OCT ————> |PDDR4A
Ref (LK ——»
LPDDRag P
SDRAM SR
EMIF
OCT ———> |pDDR4B
Ref (LK ——»
LPoDRac PS8
SDRAM blia)]
EMIF
0T ———> | PDDRAC
Ref (LK ————»

AXI4_Lite

AXI4_Lite

AXI4_Lite

LPDDR4A
Driver
Calibration

RW_Test

LPDDR4B
Driver
Calibration

RW_Test

LPDDR4C
Driver
Calibration

RW_Test

<>

+—>

<>

Logic
Process

USER_BUTTON

Figure 2-27 Block diagram of the LPDDR4 RTL demonstration
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® EMIF_Qsys: It includes two LPDDR4 external memory interface (EMIF) IP which
will handle all the LPDDR4 protocols and timings. It provides standard AXI4 for
high-speed data transmission and AXI4-Lite for register configuration interfaces
externally.

e LPDDR4 Driver Calibration: LPDDR4 has an extremely high signal rate and
therefore must be calibrated at startup to compensate for signal delays and
impedance variations on the board. This module acts as an AXI-Lite Master, after
the system starts, it automatically gives instructions to the control registers of
EMIF_Qsys to trigger and monitor the built-in hardware calibration program. After
the calibration is successful, the reset signal will be released to the subsequent test
modules.

® AXI4 Master: This is the core logic to verify LPDDRA4. It acts as an AXI4 Master.
After the calibration is completed, it will sequentially execute the test process of
write, read and verify. It will generate a large amount of pseudo-random data, write
it to LPDDRA4 at high speed through the AXI4 bus, then read the data from the same
address, and perform real-time comparison internally to ensure the accuracy of the
data. After the test is completed, it will output the test pass and test complete
signals.

Reset & Debouncer: The debouncer module ensures that when users press
User_Button, a clean and noise-free pulse can be generated. The hyper pipe
module is responsible for safely synchronizing this reset signal to the high-speed
aclk frequency domain, preventing metastability issues and ensuring the reliability
of system reset.

B Design Tools
® Quartus Prime 25.3.1 Pro Edition

B Demonstration Source Code
® Project Directory: Demonstration\FPGA\LPDDR4_AXI4_RTL
®  Bit Stream: golden_top.sof
® Demonstration Batch File : LPDDR4_AXI4 RTL\demo_batch
The demo batch file includes following files:
€ Batch File: test.bat
€ FPGA Configuration File: golden_top.sof

B Demonstration Setup
Make sure Quartus Prime Pro Edition v25.3.1 is installed on the Host PC.
Connect the Comet A65 EVK board to Host PC via the Type-C USB cable. Install
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the USB-Blaster Ill driver if necessary.

3. Power on the Comet A65 EVK board.

4. Execute the demo batch file “test.bat” under the batch file folder
\LPDDR4_AXIl4_RTL\demo_batch.

5. Press USER_BUTTON (see Figure 2-28) to start LPDDR4 write & loopback verify
process. It will take about 1 second to perform the test.

6. The test result will show on USER_LED. If USER_LED is light on, it means the
three LPDDR4 are tested pass. If there is one LPDDRA4 tested fail, USER_LED will
blink.

7. User can press USER_BUTTON again to regenerate the test control signals for a
repeat test.

USER_LED

USER_BUTTON

oL

oo

| J 5 Y |

oo
|

|

Iy ‘i
[N
oo
B g

Figure 2-28 Location of the User Button and LED on the Comet A65 EVK board
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2.8 SLVS_EC _RX to HDMI_IMX537 Test

This design is implemented on Comet A65 EVK. It receives data from CMOS Image
Sensor IMX537 and outputs it to HDMI Transmitter TFP410 on the Comet A65 EVK. It
offers the following features:

® |Interfacing SLVS-EC CMOS Image Sensor IMX537 ( RAW12bit 8Lane 2472(H) x
2128(V) 53.7fps format )

® 4GB LPDDR4 memory interface
® Nios V/m soft processor core and peripheral interfaces — SPI, GPIO

® Video Processing (Scaler, Frame Buffer, Picture Combination and Video Timing
Generator)

® HDMI Interface — display the video on HDMI based Monitors through HDMI
Transmitter TFP410 (1080 60p format)

B Function Block Diagram

The basic system architecture consists of three main modules: Sensor Interface, Nios
V/m processor system and Video/Image Signal Processing (ISP) module. The following
Figure 2-29 show the system architecture of the reference design.

Agilex5 FPGA

~ Onchip . GPIO | ] | 1
’ Memory l { Nios V/m ‘ { /0 ‘ { JTAG UART ’ SP| Master ‘—b SPI I/F
A A A A A
: = -
Sensor Interface Video ISP
v
from { ‘ ) ‘ ) (
| GTSPMA/FEC  SLVS-ECv30 Frame Buffer ‘ Picture Video Timing | to
{39 Direct PHY ’ M ‘ Controller | Combination ~ Generator  ~ HDMI
ensor ) L { 3
" LPDDR4 Memory Controller | > IL/';DDR”'

Figure 2-29 System Block Diagram

® Sensor Interface: The sensor interface consists of SLVS-EC v3.0 RX IP and GTS
PMA/FEC Direct PHY. GTS PMA/FEC Direct PHY is generated by Quartus Prime
software. Users can contact Macnica for SLVS-EC v3.0 RX IP license to compile
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the design.

4.752Gbps 118.8MHz

Reference Design

Reset
Sequencer

GTS PMA/FEC SLVS-EC v3.0
DirectPHY RXIP

CDR Reference r’l]s-:-eF [5 ;C\
Clock 16 x SPC| ! 9
" U
 serial data Parallel Data Pixel Data I/F !
i 1
1 H ]
| rx_coreclkin g pma_clk 1
i rx_clkout : st_clk :
i i 1
| | \
H H | ’
| |

Figure 2-30 Sensor Interface

® Video/lmage Signal Processing: It is a sub-system component used to process
data from image sensor using Video/Image ISP IPs and transmits the processed
data to HDMI Transmitter. Scaler scales input data to convert 2472 x 2128 to 1254
x 1080. Frame Buffer Controller controls LPDDR4 Memory Controller. Picture
Combination embeds input data of 1254x1080 into an image size of 1920x1080.
Video Timing Generator generates display synchronization signals based on the
set display resolution. The synchronization signals are horizontal sync, vertical
sync, and data enable. The input video data is also synchronized with these sync
signals.

® Nios V/Im Processor System: SPI Controller is used for IMX537 access. GPIO
Controller for IMX537 access. Avalon-MM bridge module for SPI Master and SLVS
EC v3.0 RX IP control.

B Design Tools
® Quartus Prime 25.3.1 Pro Edition
® Ashling RiscFree IDE for Intel FPGA v25.3.1

B Demonstration Source Code
® Project Directory: Demonstration\FPGA\SLVS_EC_RX_to_HDMI_IMX537
® Bit Stream: slvs_ec_rx_to_hdmi_time_limited.sof
® Nios V Project workspace: SLVS_EC_RX_to HDMI_IMX537/software
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® Nios V bin file: demo1.elf

B Demonstration Batch File
Demo batch directory: SLVS_EC_RX_to_ HDMI_IMX537/demo_batch
The demo batch file includes following files:
® Batch File: test.bat
® FPGA Configuration File: slvs_ec_rx_to_hdmi_time_limited.sof
® Nios V bin file: demo1.elf

B Demonstration Setup
® Make sure the SW6 on the Comet A65 Carrier board is set to ON, select 148.5
MHz clock for SLVS-EC.
® Connect the USB Blaster Ill connector (J5) of the board to the host PC USB
port through USB Type-C cable. Make sure the Quartus Pro v25.3.1 and USB
Blaster Il driver are installed.
® Connect HDMI connector (J13) of the board to HDMI monitor through HDMI
cable.
Connect IMX537 camera to the SLVS-EC connector (J20) of the board.
Connect the DC 12V Power supply to the board and power it on.
Execute the test.bat to program .sof and .elf to the board.

Once the configuration is completed, the video will be displayed, as shown in
Figure 2-31.
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MX537 Aspect Ratio = 1.2:1

Figure 2-31 SLVS_EC_RX to HDMI_IMXS537 demo test
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2.9 SLVS_EC _RX to HDMI_IMX901 Test

This
Tran

The
V/m

design receives data from CMOS Image Sensor IMX901 and outputs it to HDMI
smitter TFP410 on the Comet A65 EVK. It offers the following features:

Interfacing SLVS-EC CMOS Image Sensor IMX901 (RAW12bit 4Lane 8016(H) x
2112(V) 35.0fps format)

4GB LPDDR4 memory interface
Nios V/m soft processor core and peripheral interfaces — SPI, GPIO

Video Processing (Scaler, Frame Buffer, Picture Combination and Video Timing
Generator)

HDMI display the video on HDMI based Monitors through HDMI Transmitter
TFP410 (1080 60p format)

Function Block Diagram

basic system architecture consists of three main modules: Sensor Interface, Nios
processor system and Video/Image Signal Processing (ISP) module. The following

Figure 2-32 show the system architecture of the reference design.

Agilex5 FPGA

Onchip . GPIO ‘ ' |
Mermory ‘ ’ Nios V/m [ o ‘ { JTAG UART SPI Master ‘—> SPII/F
A R S R B S
Sensor Interface Video ISP
v
II;‘:me GTSPMA/FEC | | SLVS-ECv3.0 | _ Scaler | Scaler| Frame Buffer Picture  Video Timing to
S 9 . Direct PHY RXIP \ Pre Post Controller Combination Generator HDMI
ensor |
[ LPDDR4 Memory Controller > lL/I::DDM
Figure 2-32 System Block Diagram

® Sensor Interface: The sensor interface consists of SLVS-EC v3.0 RX IP and GTS

PMA/FEC Direct PHY. GTS PMA/FEC Direct PHY is generated by Quartus Prime
software. Users can contact Macnica for SLVS-EC v3.0 RX IP license to compile

the design.
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Figure 2-33 Sensor Interface

® Video/lmage Signal Processing: It is a sub-system component used to process
data from image sensor using Video/Image ISP IPs and transmits the processed
data to HDMI Transmitter. Scaler Pre scales input data to convert 8016 x 2112 to
4008 x 2112. Scaler Post scales input data to convert 4008 x 2112 to 1920 x 506.
Frame Buffer Controller controls LPDDR4 Memory Controller. Picture Combination
embeds input data of 1920 x 506 into an image size of 1920 x 1080. Video Timing
Generator generates display synchronization signals based on the set display
resolution. The synchronization signals are horizontal sync, vertical sync, and data
enable. The input video data is also synchronized with these sync signals.

® Nios V/Im Processor System: SPI Controller is used for IMX901 access. GPIO
Controller for IMX901 access. Avalon-MM bridge module for SPI Master and SLVS
EC v3.0 RX IP control.

B Design Tools
® Quartus Prime 25.3.1 Pro Edition
® Ashling RiscFree IDE for Intel FPGA v25.3.1

B Demonstration Source Code
® Project Directory: Demonstration\FPGA\SLVS_EC_RX_to_HDMI_IMX901
® Bit Stream: slvs_ec_rx_to_hdmi_time_limited.sof
® Nios V Project workspace: SLVS_EC_RX_to_ HDMI_IMX901/software
® Nios V bin file: demo1.elf
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B Demonstration Batch File
Demo batch directory: SLVS_EC_RX_to HDMI_IMX901/demo_batch
The demo batch file includes following files:
® Batch File: test.bat
® FPGA Configuration File: slvs_ec_rx_to_hdmi_time_limited.sof
® Nios V bin file: demo1.elf

B Demonstration Setup
® Make sure the SW6 on the Comet A65 Carrier board is set to ON, select 148.5
MHz clock for SLVS-EC.
® Connect the USB Blaster Ill connector (J5) of the board to the host PC USB
port through USB Type-C cable. Make sure the Quartus Pro v25.3 and USB
Blaster Il driver are installed.
® Connect HDMI connector (J13) of the board to HDMI monitor through HDMI
cable.
Connect IMX901 camera to the SLVS-EC connector (J20) of the board.
Connect the DC 12V Power supply to the board and power it on.
Execute the test.bat to program .sof and .elf to the board.

Once the configuration is completed, the video will be displayed, as shown in
Figure 2-34.

3
=
:

e
o
]
x
2
[}
=
0
=
=
5
e~

e T
IMX901 Aspect Ratio = 3.8:1

Figure 2-34 SLVS _ EC_RX to HDMI_IMX901 demo test
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Chapter 3

PCJ Express Reference

Design for Windows

Cl Express is commonly used in consumer, server, and industrial applications,

to link motherboard-mounted peripherals. From this demonstration, it will show
how the PC Windows and FPGA communicate with each other through the PCI
Express interface. GTS AXI Multichannel DMA IP for PCI Express IP is used in this
demonstration. For detail about this IP, please refer to Altera document ug-847470-

857392.

3.1 PCI Express System Infrastructure

Figure 3-1 shows the infrastructure of the PCI Express System in this demonstration.

It consists of two primary components: FPGA System and PC System. The FPGA
System is developed based on GTS AXI Multichannel DMA IP for PCI Express. The
application software on the PC side is developed by Terasic based on Altera’s PCle

kernel mode driver.

FPGA Windows

Interconnection Fabric for
Avalon Memory-Mapped Interface

Rasic]

www.terasic.com

— Application

)

TERASIC_PCIE_MCDMAJII

Wdapill0o.dll

User Mode

Kernel Mode

Multi Channel DMA IP

for PCI Express

Windrv6.sys

T

Figure 3-1 Infrastructure of PCl Express System
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3.2 PC PCIl Express Software SDK

The FPGA System CD contains a PC Windows based SDK to allow users to develop
their 64-bit software application on 64-bits Windows 10. The SDK is located in the
"CDROM\Demonstrations\FPGA\PCle_SW_KIT\Windows" folder which includes:

® PCl Express Driver
® PCl Express Library
® PCl Express Examples

The kernel mode driver assumes the PCle vendor ID (VID) is 0x1172 and the device ID
(DID) is 0x09CA4. If different VID and DID are used in the design, users need to modify
the PCle vendor ID (VID) and device ID (DID) in the driver INF file accordingly.

The PCI Express Library is implemented as a single DLL named
TERASIC_PCIE_MCDMA.dII. This file is a 64-bit DLL. With the exported software API,
users can easily communicate with the FPGA. The library provides the following
functions:

® Basic data read and write
® Data read and write by DMA

For high performance data transmission, MCDMA is required as the read and write
operations, which are specified under the hardware design on the FPGA.

3.3 PCI Express Software Stack

Figure 3-2 shows the software stack for the PCI Express application software on 64-bit
Windows. The PCle library module TERASIC_PCIE_MCDMA.dII provides DMA and
direct I/O access allowing user application program to communicate with FPGA. Users
can develop their applications based on this DLL. The altera_pcie_win_driver.sys kernel
driver is provided by Altera.
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64-bits Windows

User Application

TERASIC_PCIE_MCDMAII

User Mode

Kernel Mode

altera_pcie_win_driver.sys | === altera_pcie_win_driver.inf

Figure 3-2 PCI Express Software Stack

Install PCI Express Driver on Windows

The PCle driver is locate in the folder:

"CDROM\Demonstrations\FPGA\PCle_SW_KIT\Windows\PCle_Driver"

The folder includes the following four files:

Altera_pcie_win_driver.cat
Altera_pcie_win_driver.inf
Altera_pcie_win_driver.sys
WdfCoinstaller01011.dll

To install the PCI Express driver, please execute the steps below:
1.
2.
3.

Install the board on the PCle slot of the host PC.

Make sure the Altera Programmer and USB-Blaster Il driver are installed.
Because the Windows 10 enforces driver signatures by default and the OpenCL
drivers for our development kits are not "signed" for Windows 10. So, for
Windows10, please refer to the link to disable driver signature enforcement and
reboot system.

Execute test.bat in "Demonstrations\FPGA\PCle Fundamental\demo_batch"
to configure the FPGA.

Restart windows operation system.

Click the Control Panel menu from Windows Start menu. Click the Hardware
and Sound item before clicking the Device Manager to launch the Device
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Manager dialog. There will be a PCI Device item in the dialog, as shown in
Figure 3-3. Move the mouse cursor to the PCI Device item and right click it to

select the Updated Driver Software... items.

;&' Computer Management

File Action View Help

oz 7EE HERE B EX®

;a-l Computer Management (Local
v [[’& System Tools

@ Task Scheduler

{2] Event Viewer

| Shared Folders

,k- Local Users and Groups

@ Performance

:.'.-_ Device Manager
v g Storage

= Disk Managernent

ﬁ,} Services and Applications

% LAB2D
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Disk drives

Display adapters
Firmware

Human Interface Devices
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I SV drivers

Figure 3-3 Screenshot of launching Update Driver Software... dialog
7. Inthe How do you want to search for the driver software dialog, click Browse

my computer for driver software item, as shown in Figure 3-4
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B Update Drivers - PCI Device

How do you want to search for drivers?

—) Search automatically for updated driver software ;
i Windows will search your computer and the Internet for the latest driver software |
for your device, unless you've disabled this feature in your device installation

settings.

—» Browse my computer for driver software
Locate and install driver software manually.

Cancel

Figure 3-4 Dialog of Browse my computer for the driver software
8. Inthe Browse for driver software on your computer dialog, click the Browse
button to specify the folder where altera_pcie_din_driver.inf is located, as shown
in Figure 3-5. Click the Next button.

& B Update Drivers - PCI Device

Browse for drivers on your computer

Search for drivers in this location:

| D COROM\Demonstration\FPGAVPCle_SW_KIT\Windows] - Browse...

Include subfolders

—» Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

Mext Cancel

Figure 3-5 Browse for the driver software on your computer
9. When the Windows Security dialog appears, as shown Figure 3-6, click the
Install button.
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B Update Drivers - PCI Device

Installing drivers...

6 Windows Security

X  Windows can't verify the publisher of this driver software

— Don't install this driver software
You should check your manufacturer's website for updated driver software

for your device.

—> Install this driver software anyway
Only install driver software cbtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal

information.

Figure 3-6 Click Install in the dialog of Windows Security
10. When the driver is installed successfully, the successfully dialog will appear, as

shown in
11. Figure 3-7. Click the Close button.
B Update Drivers - Altera PCI AP| Driver

Windows has successfully updated your drivers

Windows has finished installing the drivers for this device:

[31 Altera PCl API Driver

Close

Figure 3-7 Altera PCI API Driver installation is completed
12. Once the driver is successfully installed, users can see the Altera PCl API
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Driver under the device manager window, as shown in Figure 3-8.
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Figure 3-8 Altera PCI API Driver in Device Manager

B Create a Software Application
All the files needed to create a PCle software application are located in the directory

CDROM\demonstration\PCle_SW_KIT\Windows\PCle_Library. It includes the following

files:

® TERASIC_PCIE_MCDMA.h

® TERASIC_PCIE_MCDMA.dIl (64-bit DLL)

Below lists the procedures to use the SDK files in users’ C/C++ project:

1. Create a 64-bit C/C++ project.

2. Include TERASIC_PCIE_MCDMA.h in the C/C++ project.

3. Copy TERASIC_PCIE_MCDMA.dIl to the folder where the project.exe is located.

4. Dynamically load TERASIC_PCIE_MCDMA.dIl in C/C++ program. To load the DLL,
please refer to the PCle fundamental example below.

5. Call the SDK API to implement the desired application.

Users can easily communicate with the FPGA through the PCle bus through the

TERASIC_PCIE_MCDMA.dIl API. The details of API are described below:
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3.4 PCI Express Library API

Below shows the exported API in the TERASIC _PCIE_MCDMA.dIl. The API prototype
is defined in the TERASIC_PCIE_MCDMA.h.
Note: the Linux library terasic_pcie_mcdma.so also use the same API and header file.

B PCIE_Open

Function:

Open a specified PCle card with vendor ID, device ID, and matched card index.

Prototype:

PCIE_HANDLE PCIE_Open(
Uint16_t wVendorlD,
Uint16_t wDevicelD,
Uint16_t wSubVendorlD,
Uint16_t wSubDevicelD,
Uint16_t wCardIndex);

Parameters:

wVendorlD:
Specify the desired vendor ID. A zero value means to ignore the vendor ID.
wDevicelD:
Specify the desired device ID. A zero value means to ignore the device ID.
wSubVendorlD:
Specify the desired subsystem vendor ID. A zero value means to ignore the
subsystem vendor ID.
wSubDevicelD:
Specify the desired subsystem device ID. A zero value means to ignore the
subsystem device ID.
wCardIndex:
Specify the matched card index, a zero based index, based on the matched vendor|
ID and device ID.
Return Value:

Return a handle to the specified PCle card. A positive value is return if the PCle card
is opened successfully. A value zero means failed to connect the target PCle card.
This handle value is used as a parameter for other functions, e.g. PCIE_Read32.
Users need to call PCIE_Close to release handle once the handle is no longer used.

B PCIE_Close
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Function:
Close a handle associated to the PCle card.

Prototype:
void PCIE_Close(
PCIE_HANDLE hPCIE);

Parameters:

hPCIE:
A PCle handle return by PCIE_Open function.

Return Value:
None.

B PCIE_Read32

Function:
Read a 32-bit data from the FPGA board.

Prototype:
bool PCIE_Read32(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint32_t *pdwData);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
pdwData:
A buffer to retrieve the 32-bit data.

Return Value:
Return true if read data is successful; otherwise false is returned.

B PCIE_Write32

Function:
Write a 32-bit data to the FPGA Board.
Prototype:
Comet AB5 Kit 42 www. terasic.com
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bool PCIE_Write32(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint32_t dwData);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
dwData:
Specify a 32-bit data which will be written to FPGA board.

Return Value:
Return true if write data is successful; otherwise false is returned.

B PCIE_Read8

Function:
Read an 8-bit data from the FPGA board.

Prototype:
bool PCIE_Read8(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint8_t *pByte);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
pByte:
A buffer to retrieve the 8-bit data.

Return Value:
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Return true if read data is successful; otherwise false is returned.

m PCIE_Write8

Function:
Write an 8-bit data to the FPGA Board.

Prototype:
bool PCIE_Write8(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
uint8_t Byte);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
Byte:
Specify an 8-bit data which will be written to FPGA board.

Return Value:

Return true if write data is successful; otherwise false is returned.

B PCIE_DmaRead

Function:

Read data from the memory-mapped memory of FPGA board in DMA.

Prototype:
bool PCIE_DmaRead(
PCIE_HANDLE hPCIE,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pBulffer,
uint64_t dwBufSize64
);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
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LocalAddress:
Specify the target memory-mapped address in FPGA.
pBuffer:
A pointer to a memory buffer to retrieved the data from FPGA. The size of buffer|
should be equal or larger the dwBufSize.
dwBufSize64:
Specify the byte number of data retrieved from FPGA.

Return Value:
Return true if read data is successful; otherwise false is returned.

B PCIE_DmaWrite

Function:
Write data to the memory-mapped memory of FPGA board in DMA.

Prototype:
bool PCIE_DmaWrite(
PCIE_HANDLE hPCIE,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pData,
uint64_t dwDataSize64
);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
LocalAddress:
Specify the target memory mapped address in FPGA.
pData:
A pointer to a memory buffer to store the data which will be written to FPGA.
dwDataSize64:
Specify the byte number of data which will be written to FPGA.

Return Value:

Return true if write data is successful; otherwise false is returned.

B PCIE_ConfigRead32

Function:
Read PCle Configuration Table. Read a 32-bit data by given a byte offset.

Prototype:
asic Comet AB5 K|t 45 www.?erasm.com
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bool PCIE_ConfigRead32 (
PCIE_HANDLE hPCIE,
uint32_t Offset,
uint32_t *pdwData
);

Parameters:

hPCIE:
A PCle handle return by PCIE_Open function.

Offset:
Specify the target byte of offset in PCle configuration table.

pdwData:
A 4-bytes buffer to retrieve the 32-bit data.

Return Value:

Return true if read data is successful; otherwise false is returned.

3.5 PCle Reference Design Fundamental

The application reference design shows how to implement fundamental control and data
transfer in DMA. In the design, basic I/O is used to control the BUTTON and LED on
the FPGA board. High-speed data transfer is performed by the DMA.

B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\Demonstrations\FPGA\PCle Fundamental\demo_batch

The folder includes following files:

® FPGA Configuration File: golden_top.sof

® Download Batch file: test.bat

® Windows Application Software folder: windows_app, includes
< PCIE_FUNDAMENTAL.exe
< TERASIC_PCIE_MCDMA.dII

B Demonstration Setup

1. Install the FPGA board on your PC.

2. Configure FPGA with golden_top.sof by executing the test.bat.

3. Install the PCle driver if necessary. The driver is located in the folder:
CDROM\Demonstration\PCle_SW_KIT\Windows\PCle_Driver.
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4. Restart Windows.

5. Make sure that Windows has detected the FPGA Board by checking the Windows
Device Manager as shown in Figure 3-9.

A Computer Management

v "[f} Systemn Tools
@ Task Scheduler
{4] Event Viewer
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J& Local Users and Groups
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[ Computer
= Disk drives
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=2 |IDE ATASATAPI controllers
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‘ ITAG cables
F Jungo
£ Keyboards

Fo N

Figure 3-9 Screenshot for PCle Driver
6. Go to windows_app folder, execute PCIE_ FUNDMENTAL.exe. A menu will appear

as shown in Figure 3-10.

CACDROM\Demonstration\FF X + >

== Terasic: PCIe Demo Program ==

[8]: Led control

[1]: Button Status Read
[2]: LInk Information
[3]: DMA Memory Test

[99]: Quit
Plesae input your selection:
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Figure 3-10 Screenshot of Program Menu
7. Type 0 followed by the ENTER key to select Led Control item, then input 3 (hex
0x03) will make all LEDs on as shown in Figure 3-11. If input 0 (hex 0x00), all LEDs
will be turned off.

C:\CDROM\Demonstration\FF X + ~

== Terasic: PCIe Demo Program ==

: Led control

: Button Status Read

: LInk Information
[3]: DMA Memory Test
[99]: Quit
Plesae input your selection:®
Please input led conrol mask:3
Led control success, mask=3h

: Led control
: Button Status Read
: LInk Information
[3]: DMA Memory Test
[99]: Quit
Plesae input your selection:

Figure 3-11 Screenshot of LED Control

8. Type 1 followed by the ENTER key to select Button Status Read item. The button
status will be reported as shown in Figure 3-12.
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: Led control
: Button Status Read
: LInk Information
: DMA Memory Test
[99]: Quit
Plesae input your selection:®
Please input led conrol mask:3
control success, mask=3h

: Led control

: Button Status Read

: LInk Information

: DMA Memory Test
[99]: Quit
Plesae input your selection:1
Button status mask:=8h

[8]: Led control

[1]: Button Status Read

[2]: LInk Information

[3]: DMA Memory Test

[99]: Quit

Plesae input your selection:|

Figure 3-12 Screenshot of Button Status Report
9. Type 3 followed by an ENTER key to select the DMA Testing item. The DMA test

result will be reported as shown in Figure 3-13.

C\CDROM\Demonstration\FF %

control success, mask=3h

: Led control

: Button Status Read

: LInk Information

: DMA Memory Test
[99]: Quit
Plesae input your selection:1
Button status mask:=8h

: Led control

: Button Status Read

: LInk Information
1: DMA Memory Test
[99]: Quit
Plesae input your selection:3

: Led control
: Button Status Read
: LInk Information
3]: DMA Memory Test
[99]: Quit
Plesae input your selection:

Figure 3-13 Screenshot of DMA Memory Test Result
10. Type 99 followed by the ENTER key to exit this test program
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B Development Tools

® Quartus Prime 25.3.1 Pro Edition

® Visual C++ 2019

B Demonstration Source Code Location

® Quartus Project: Demonstrations\PCle_Fundamental

® C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCIE_FUNDAMENTAL
B FPGA Application Design

Figure 3-14 shows the system block diagram in the FPGA system. In the Platform
Designer (formerly Qsys), the PIO controller is used to control the LED and monitor the
Button Status, and the On-Chip memory is used for performing DMA testing. The PIO
controllers and the On-Chip memory are connected to the PCl Express Hard IP
controller through the Memory-Mapped Interface.

On-Chip InputPI0  Output PIO _m

Memory for Button for LED

User Logic ‘ l

Interconnection Fabric for
AXI Memory-Mapped Interface

]

GTX AXI Multi Channel DMA
P for PCl Express

PCle Gen4 x4 Edge

Figure 3-14 Hardware block diagram of the PCle reference design

FPGA-Platform Designer
Button

B Windows Based Application Software Design
The application software project is built by Visual C++ 2019. The project includes the

following major files:
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T T

PCIE_FUNDAMENTAL.cpp | Main program

PCIE.c Implement dynamically load for

PCIE.h TERASIC_PCIE_MCDMA.dII
TERASIC_PCIE_MCDMA.h | SDK library file, defines constant and data structure

The main program PCIE_FUNDAMENTAL.cpp includes the header file "PCIE.h" and
defines the controller address according to the FPGA design.

#define DEMO_PCIE_USER_BAR PCIE_EaR4
#define DEMO_PCIE_IO_LED_ADDR 0x400000
#define DEMO PCIE_I0_BUTTON ADDE  0x800040
#define DEMO_PCIE_MEM_ADDR 0x100000
#define MEM_SIZE (512%1024) //512KE

The base address of BUTTON and LED controllers are 0x800040 and 0x800000 based
on the PCIE_BARA4, respectively. The on-chip memory base address is 0x100000
relative to the DMA controller.

Before accessing the FPGA through PCI Express, the application first calls the
PCIE_Load to dynamically load the TERASIC_PCIE_MCDMA.dIl. Then, it calls
PCIE_Open to open the PCI Express driver. The constant DEFAULT_PCIE_VID and
DEFAULT_PCIE_DID used in the PCIE_Open are defined in
TERASIC_PCIE_MCDMA.h. If developers change the Vendor ID and Device ID and
PClI Express IP, they also need to change the ID value defined in
TERASIC_PCIE_MCDMA.h. If the return value of PCIE_Open is zero, it means the
driver cannot be accessed successfully. In this case, please make sure:

® The FPGAIs configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE Wrlte32{hPCIe, DEMO_PCIE_TUSERE_BAR, DEMO_PCIE IO_LED ADDE, {(uint32_t) Mask);

The button status query is implemented by calling the PCIE_Read32 API, as shown
below:
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bFazs = PCIE_Read32{hPCIe, DEMO_PCIE_USER_BAR, DEMO_PCIE_IO_BUTTON_ADDE, &Status);

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:

PCIE DmaWrite(hPCIe, Localaddr, pWrite, nTestiize);
PCIE_DmaRead(hPCTe, Localfddr, pRead, nTestiize):

hFass
hFass

3.6 PCle Reference Design - LPDDR4

The application reference design shows how to add the LPDDR4 Memory Controllers
for the LPDDR4-A, LPDDR4-B and LPDDR4-C Components into the PCle Quartus
project based on the PCle_Fundamental Quartus project and perform 4GB data DMA
for all components. Also, this demo shows how to call “PCIE_ConfigRead32” API to
check PCle link status.

B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\Demonstrations\FPGA\PCle DDR4\demo_batch

The folder includes following files:

® FPGA Configuration File: golden_top.sof

® Download Batch file: test.bat

® Windows Application Software folder: windows_app, includes
< PCIE_DDRA4.exe
< TERASIC_PCIE_MCDMA.dII

Demonstration Setup
Install the FPGA board on your PC.
Configure the FPGA with the golden_top.sof by executing the test.bat.
Install the PCle driver if necessary.
Restart Windows
Make sure that Windows has detected the FPGA Board by checking the Windows
Control panel.

A |

6. Go to windows_app folder, execute PCIE_DDR4.exe. A menu will appear as shown
in Figure 3-15.
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CACDROM\Demonstration\FF X + -
== Terasic: PCIe Demo Program ==

: Led control
: Button Status Read
: Link Info
: DMA On-Chip Memory Test
: DMA LPDDRU-A Component Memory Test
: DMA LPDDRU-B Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:

Figure 3-15 Screenshot of Program Menu

7. Type 2 followed by the ENTER key to select the Link Info item. The PCle link

information will be shown as in Figure 3-16. Gen4 link speed and x4 link width are

expected.
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C\CDROM\Demonstratiom\FF X + v
== Terasic: PCIe Demo Program ==

: Led control
: Button Status Read
: Link Info
: DMA On—-Chip Memory Test
: DMA LPDDRU4-A Component Memory Test
: DMA LPDDRU-B Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:2
Vender ID:1172h
Device ID:89Cudh
Current Link Speed is Gend

Negotiated Link Width is xi
Maximum Payload Size is 256-byte

: Led control
: Button Status Read
: Link Info
: DMA On-Chip Memory Test
: DMA LPDDRU4-A Component Memory Test
: DMA LPDDRU-B Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:

Figure 3-16 Screenshot of Link Info

8. Type 3 followed by the ENTER key to select DMA On-Chip Memory Test item. The

DMA write and read test result will be reported as shown in Figure 3-17.
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CACDROM\Demonstration\FF X + >

Device ID:@9Cuh

Current Link Speed is Genl
Negotiated Link Width is xi
Maximum Payload Size is 256-byte

[@]: Led control

[1]: Button Status Read

[2]: Link Info

[3]: DMA On—Chip Memory Test

[u]: DMA LPDDRU-A Component Memory Test
[5]: DMA LPDDRU-B Component Memory Test
[6]: DMA LPDDRU-C Component Memory Test
[99]: Quit

Plesae input your selection:3

DMA Memory Test, Address = 0x100000, Size = Ox80000 Bytes...
Generate Test Pattern...

DMA Write...

DMA Read... (100000 - 180088)

Readback Data Verify...

DMA-Memory Address = ©x100000, Size = 0x80000 bytes pass

: Led control

: Button Status Read

: Link Info

: DMA On—Chip Memory Test

: DMA LPDDRU-A Component Memory Test

: DMA LPDDRU-B Component Memory Test
[6]: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:|

Figure 3-17 Screenshot of On-Chip Memory DMA Test Result

9. Type 4 followed by the ENTER key to select the DMA LPDDR4-A component
Memory Test item. The DMA write and read test result will be reported as shown in
Figure 3-18.
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CA\CDROM\Demonstration\FF X + -

DMA Write...

DMA Read... (100000 - 180000)

Readback Data Verify...

DMA-Memory Address = 0x100080, Size = Ox80000 bytes pass

: Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA LPDDRU-A Component Memory Test
: DMA LPDDRU-E Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:i

DMA Memory Test, Address = Ox1000000080, Size = Ox100EAOEOO Bytes. ..
Generate Test Pattern...

DMA Write...

DMA Read... (1000000000 - 1100000000)

Readback Data Verify...

DMA-Memory Address = 0x1000800000, Size = Ox1000OBOOO bytes pass

: Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA LPDDRU-A Component Memory Test
: DMA LPDDRU-E Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:|

Figure 3-18 Screenshot of the LPDDR4-A Memory DMA Test Result

10. Type 5 followed by the ENTER key to select the DMA LPDDR4-B Component
Memory Test item. The DMA write and read test result will be reported as shown in
Figure 3-19.
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CA\CDROM\Demonstration\FF X + -

DMA Write...

DMA Read... (1000000000 - 1100000000)

Readback Data Verify...

DMA-Memory Address = 0x1000800000, Size = Ox10000BOOO bytes pass

: Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA LPDDRU-A Component Memory Test
: DMA LPDDRU-E Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:5

DMA Memory Test, Address = 0x1100000080, Size = Ox1000POEOO Bytes...
Generate Test Pattern...

DMA Write...

DMA Read... (1100000000 — 1200000000)

Readback Data Verify...

DMA-Memory Address = 0x1100800000, Size = Ox1000OBOOO bytes pass

: Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA LPDDRU-A Component Memory Test
: DMA LPDDRU-E Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:|

Figure 3-19 Screenshot of the LPDDR4-B Component Memory DMA Test Result

11. Type 6 followed by the ENTER key to select the DMA LPDDR4-C Component
Memory Test item. The DMA write and read test result will be reported as shown in
Figure 3-20.
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CACDROM\Demonstration\FF X + -

Generate Test Pattern...

DMA Write...

DMA Read... (1100000000 — 1200000000)

Readback Data Verify...

DMA-Memory Address = 0x1100000008, Size = 0x100000000 bytes pass

Led control

: Button Status Read

: Link Info

: DMA On—Chip Memory Test

: DMA LPDDRU-A Component Memory Test

: DMA LPDDRU-B Component Memory Test
[6]: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:6
DMA Memory Test, Address = 0x1200000000, Size = Ox100000000 Bytes...
Generate Test Pattern...
DMA Write...

DmaReadWrite_Block failed.nAccXferSize=127U63U2U0, DataSize6U=L29U967296

DMA Memory:PCIE_DmalWrite failed

: Led control
: Button Status Read
: Link Info
: DMA On—Chip Memory Test
: DMA LPDDRU-A Component Memory Test
: DMA LPDDRU-BE Component Memory Test
: DMA LPDDRU-C Component Memory Test
[99]: Quit
Plesae input your selection:

Figure 3-20 Screenshot of the LPDDR4-C Component Memory DMA Test Result

12. Type 99 followed by the ENTER key to exit this test program.

B Development Tools
® Quartus Prime 25.3.1 Pro Edition
® Visual C++ 2019

B Demonstration Source Code Location

® Quartus Project: Demonstrations\PCIE_DDRA4

® Visual C++ Project: Demonstrations\PCle_ SW_KIT\Windows\PCle_ DDR4
B FPGA Application Design

Figure 3-21 shows the system block diagram in the FPGA system. In the Platform
Designer (formerly Qsys), the PIO controller is used to control the LED and monitor the
Button Status, and the On-Chip memory is used for performing DMA testing. The PIO
controllers and the On-Chip memory are connected to the PCl Express Hard IP

controller th

asiC
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User Logic

FPGA-Platform Designer

LPDDR4-A LPDDR4-B LPDDR4-C
Component Component Component
Memory Memory Memory

Button

On-Chip  InputPI0  OutputPIO __,m

Memory for Button for LED

Interconnection Fabric for
AXI Memory-Mapped Interface

]

GTX AXI Multi Channel DMA

IP for PCI

Express

PCle Gen4

x4 Edge

Figure 3-21 Hardware block diagram of the PCle_DDR4 reference design

B Windows Based Application Software Design
The application software project is built by Visual C++ 2019. The project includes the

following major files:

[ wame | Descrpon

PCIE_DDRA4.cpp Main prog

ram

PCIE.c

PCIE.h

Implement dynamically load for
TERASIC_PCIE_MCDMA.dII

TERASIC_PCIE_MCDMA.h

SDK library file, defines constant and data structure

The main program PCIE_DDRA4.cpp includes the header file "PCIE.h" and defines the
controller address according to the FPGA design.

#define
$define
#define
tdefine
fdefine
#define
#define

#define
#define
$define
#define

DEMO PCIE USER BAR
DEMO PCIE IO LED ADDR
DEMO_PCIE_IO BUTTON_ADDR
DEMO PCIE ONCHIP MEM ADDR
DEMO PCIE LPDDR4A MEM ADDR
DEMO PCIE LPDDR4E MEM ADDR
DEMO_PCIE_LPDDR4C_MEM ADDR

ONCHIP MEM TEST SIZE
LPDDR4A MEM TEST SIZE
LPDDR4B MEM TEST SIZE
LPDDRAC_MEM TEST SIZE

DCIE PAR4
0xB800000
0x800040
0x100000
0x1000000000
0x1100000000
0x1200000000

(512*1024) //512KB
(4ull*1024*1024*%1024) //4GB
(4ull*1024+*1024+%1024) //4GBE
(4ull*1024*1024*1024) //4GB

The base address of BUTTON and LED controllers are 0x800040 and 0x800000 based
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on PCIE_BAR4, respectively. The on-chip memory base address is 0x100000 relative
to the DMA controller. The above definitions are the same as those in the PCle
Fundamental demo.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load
to dynamically load the TERASIC_PCIE_MCDMA.dII. Then, it calls PCIE_Open to open
the PCI Express driver. The constant DEFAULT _PCIE_VID and DEFAULT_PCIE_DID
used in the PCIE_Open are defined in TERASIC_PCIE_MCDMA.h. If developers
change the Vendor ID and Device ID and PCI Express IP, they also need to change the
ID value defined in TERASIC_PCIE_MCDMA.h. If the return value of PCIE_Open is
zero, it means the driver cannot be accessed successfully. In this case, please make

sure:

® The FPGAIs configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE_Write33(hPCle, DEMO_PCIE_USER_BAR, DEMO_PCIE_I0_LED ATDR, (uint32_t) Mask);

The button status query is implemented by calling the PCIE_Read32 API, as shown
below:

bFazs = PCIE_Read32{hPCIe, DEMO_PCIE_USER_BAR, DEMO_PCIE_IO_BUTTON_ADDE, &Status);

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:

PCIE DmaWrite(hPCIe, Localaddr, pWrite, nTestiize);
PCIE DImaReadihPCle, Localaddr, pREead, nTest2ize);

bPass
bFass

The PCle link information is implemented by PCIE_ConfigRead32 API, as shown below:
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Horead conflz - link status
if (PCIE ConfigRead?2(hPCle, 0xB0, &Datal2)) |
switch ((Data3? == 162 & 0x0F) §
case 1:
printfi"Current Link Speed 1s Genlin");
hreak;
case 2:
printfi"Current Link Speed 1z Gendin"):
break;
case 3:
printf{"Current Link Speed 1s Gen?'in");
break;
case 4:
printfi"Current Link Speed i1z Gend'in");
break;
defanlt:
printf{"Current Link Speed 1z Unkncowm'n'):
hreak;
i
switch ((Data3? == 200 & 0x3F) §
case 1:
printfi"Negotiated Link Width 15 =zlin");
break;
case 2:
printf{"Negotiated Link Width iz x2'n");
hreak;
case 4:
printf({"Negotiated Link Width is xd'in");
break;
Ccase b
printfi"Negotiated Link Width 15 =z8Wn");
hreak;
case 16:
printf{"Negotiated Link Width iz xlé6'n");
break;
defanlt:
printfi"Negotiated Link Width 15 Unknowm'n");
hreak;
1
}oelse |
hPass = false;
1
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Chapter 4
PCJ Express Reference

Design for Linux

Cl Express is commonly used in consumer, server, and industrial applications,

to link motherboard-mounted peripherals. From this demonstration, it will show

how the PC Linux and FPGA communicate with each other through the PCI
Express interface. GTS AXI Multichannel DMA IP for PCI Express IP is used in this
demonstration. For detail about this IP, please refer to Altera document ug-847470-
857392.

4.1 PCI Express System Infrastructure

Figure 4-1 shows the infrastructure of the PCI Express System in this demonstration.
It consists of two primary components: FPGA System and PC System. The FPGA
System is developed based on GTS AXI Multichannel DMA IP for PCI Express. The
application software on the PC side is developed by Terasic based on Altera’s PCle
kernel mode driver.

FPGA Linux

‘II.IIIIIIIII‘

Interconnection Fabric for
Avalon Memory-Mapped Interface

terasic_pcie_mcdma.so

A

Multi Channel DMA IP

for PCI Express

User Mode

Kernel Mode

v

ifc_mcdma_chardev.ko

T

Figure 4-1 Infrastructure of PCl Express System
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4.2 System Requirement

® Host PC: A host computer with an available PCle 4.0 slot.

® Operating System: Ubuntu 24.04 LTS is recommended.

® Linux Kernel: Version 6.6 is required.

Note: Ubuntu 24.04 LTS might default to a newer kernel (e.g., v6.8). If your kernel
version is newer than v6.6, you might need to manually install and configure your
system to boot with Kernel v6.6.x. Please refer to the IP User Guide Section 6.3.3
Installing the Required Kernel Version (if Working with Ubuntu 24.04) for instructions.

You can check your current kernel version using ‘uname -r’.

4.3 PC PCI Express Software SDK

The FPGA System CD contains a PC Linux based SDK to allow users to develop their
64-bit software application on 64-bits Linux. Ubuntu 24.04 is recommended. The SDK
is located in the “CDROM/Demonstrations/FPGA/PCle_SW_KIT/Linux” folder which
includes:

® PCI Express Driver
® PCl Express Library
® PCIl Express Examples

The kernel mode driver assumes the PCle vendor ID (VID) is 0x1172 and the device ID
(DID) is 0x09CA4. If different VID and DID are used in the design, users need to modify
the PCle vendor ID (VID) and device ID (DID) in the driver config_file file accordingly.

The PCI Express Library is implemented as a single .so file named
terasic_pcie_mcdma.so. This file is a 64-bit library file. With the library exported
software API, users can easily communicate with the FPGA. The library provides the

following functions:

® Basic data read and write
® Data read and write by DMA

For high performance data transmission, MCDMA is required as the read and write
operations are specified under the hardware design on the FPGA.
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B Set the Boot Parameters
Follow the below step to modify the default hugepages setting in grub files:

1. Edit /etc/default/grub file.
2. Append the highlighted parameters in GRUB_CMDLINE_LINUX line in
/etc/default/grub file.

GRUB_CMDLINE_LINUX=" rd.lvm.lv=centos/root\
rd.lvm.lv=centos/swap rhgb default_hugepagesz=1G hugepagesz=1G\
hugepages=5 panic=1 iommu=pt

3. For ubuntu 24.04:
After editing the /etc/default/grub, please update grub.cfg by "sudo update-grub"

4.4 PCIl Express Software Stack

Figure 4-2 shows the software stack for the PCI Express application software on 64-bit
Linux. The PCle library module terasic_pcie_mcdma.so provides DMA and direct I/O
access for user application program to communicate with FPGA. Users can develop
their applications based on this .so library file. The ifc_uio.ko kernel driver is provided
by Intel.

64-bits Linux

User Application

terasic_pcie_mcdma.so

User Mode

Kernel Mode

Figure 4-2 PCI Express Software Stack
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Install PCI Express Driver on Linux
To make sure the PCle driver can meet your kernel of Linux distribution, the driver

ifc_uio.ko should be recompiled before it is used. The PCle driver project is locate in
the folder:

"CDROM/Demonstrations/FPGA/PCle_SW_KIT/Linux/PCle_Driver"

The folder includes the following files:

ifc_pci_uio.c

ifc_pci_uio.h
common/include/regs/pio_reg_registers.h
common/include/regs/qdma_regs_2 registers.h
common/include/ifc_mcdma.h
common/include/ifc_mcdma_utils.h
common/include/mcdma_ip_params.h
common/mk/common.mk
common/mk/env.mk
common/src/ifc_mcdma_utils.c

Makefile

load_driver

unload

config_file

To compile and install the PCI Express driver, please execute the steps below:
1.
2.
3.

Install the board the PCle slot of the host PC

Make sure Quartus Programmer and USB-Blaster Il driver are installed

Open a terminal and use "cd" command to go to the folder

"CDROM/Demonstrations/FPGA/PCle_Fundamental/demo_batch".

Set QUARTUS_ROOTDIR variable pointing to the Quartus installation path. Set

QUARTUS_ROOTDIR variable by tying the following commands in terminal.

Replace “/home/user/altera_pro/25.3.1/quartus” to your quartus installation path.
export QUARTUS_ROOTDIR=/home/user/altera_pro/25.3.1/quartus

Execute "sudo -E sh test.sh" command to configure the FPGA

Restart the Linux operation system. In Linux, open a terminal and use “cd”
command to goto the PCle_Driver folder

Type the following commands to compile and install the driver ifc_uio.ko, and
make sure driver is loaded successfully and FPGA is detected by the driver as
shown in Figure 4-3.

® make
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® sudo sh load_driver
® dmesg|tail-n 10

3 $ sudo dmesg | tail -n 1
.545091] Bluetooth: RFCOMM TTY layer initialized

.545189] Bluetooth: RFCOMM socket layer initialized

.545114] Bluetooth: RFCOMM ver 1.11

.769681] rfkill: input handler disabled

.B82787] igc ©000:06:00.0 enol: NIC Link is Up 1eee@ Mbps Full Duplex, Flow

.225894] ifc_uio: loading out-of-tree module taints kernel.
.2259@1] ifc_uio: module verification failed: signature and/or required ke
.226261] ifc_uio Intel(R) PCIe end point driver - version 1.8.0.2
.226264] Copyright (c) 2A19-2A, Tntel Corporation.
.226386] ifc_uio 6999121:99.6: enabling device (@@ee -> 8802)
; ' |

Figure 4-3 Screenshot of install PCle driver

B Create a Software Application

All the files needed to create a PCle software application are located in the directory
CDROM/Demonstrations/FPGA/PCle_SW_KIT/Linux/PCle_Library. It includes the
following files:

® TERASIC_PCIE_MCDMA.h
® terasic_pcie_mcdma.so (64-bit library)

Below lists the procedures to use the library in users’ C/C++ project:

1. Create a 64-bit C/C++ project.

2.  Include TERASIC_PCIE_MCDMA.h in the C/C++ project.

3. Copy terasic_pcie_mcdma.so to the folder where the project execution file is
located.

4. Link terasic_pcie_mcdma.so in C/C++ program. To load the
terasic_pcie_mcdma.so, please refer to the PCle fundamental example below.

5. Call the library API to implement the desired application.

Users can easily communicate with the FPGA through the PCle bus through the
terasic_pcie_mcdma.so API. The details of API are described below sections.

4.5 PCI Express Library API

The API is the same as Windows Library. Please refer to the section 3.4 PCI Express

Library API in this document.
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4.6 PCle Reference Design Fundamental

The application reference design shows how to implement fundamental control and data
transfer in the DMA. In the design, basic I/O is used to control the BUTTON and LED
on the FPGA board. High-speed data transfer is performed by the DMA.

Demonstration Files Location

The demo file is located in the batch folder:

CDROM/Demonstrations/FPGA/PCle_Fundamental/demo_batch

The folder includes following files:

|
1.

FPGA Configuration File: golden_top.sof

Download Batch file: test.sh

Linux Application Software folder : linux_app, includes
< PCIE_FUNDAMENTAL

<~ terasic_pcie_mcdma.so

Demonstration Setup
Install the FPGA board on your PC.
Open a terminal and use "cd" command to goto
"CDROM/Demonstrations/FPGA/PCle_Fundamental/demo_batch".
Set QUARTUS_ROOTDIR variable pointing to the Quartus installation path. Set
QUARTUS_ROOTDIR variable by tying the following commands in terminal.
Replace /home/user/altera_pro/25.3.1/quartus to your quartus installation path.
export QUARTUS _ROOTDIR=/home/user/altera_pro/25.3.1/quartus
Execute "sudo -E sh test.sh" command to configure the FPGA

Restart Linux

Install PCle driver. The driver is located in the folder:
CDROM/Demonstration/PCle_SW_KIT/Linux/PCle_Driver.

Type “Ispci -nn | grep 1172:09¢4” to make sure the Linux has detected the FPGA

board as shown in Figure 4-4 below.

$ 1lspci -nn | grep 1172:09c4

:00.0 Unassigned class [ff@@]: Altera Corporation Device [ ] (rev 01)

Figure 4-4 Ispci output

8. Goto linux_app folder, execute "sudo ./PCIE_FUNDAMENTAL". A menu will appear
as shown in Figure 4-5.
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2] user@localhost: linux_app X + >

$ sudo ./PCIE_FUNDAMENTAL
== Terasic: PCIe Demo Program ==

[@]: Led control

[1]: Button Status Read

[2]: LInk Information

[3]: DMA Memory Test

[99]: Quit

Plesae input your selecticn:l

Figure 4-5 Screenshot of Program Menu
9. Type 0 followed by the ENTER key to select the Led Control item, then input 3 (hex

0x03) will turn all leds on as shown in Figure 4-6. If input 0 (hex 0x00), all led will
be turned off.
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2] user@localhost: linux_app + >

$ sudo ./PCIE_FUNDAMENTAL
== Terasic: PCIe Demo Program ==

Led control
: Button Status Read
LInk Information
: DMA Memory Test
T Quit
Plesae input your selection:@
Please input led conrol mask:3
Led control success, mask=3h

Led control
: Button Status Read
LInk Information
: DMA Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-6 Screenshot of LED Control

10. Type 1 followed by the ENTER key to select the Button Status Read item. The button

status will be reported as shown in Figure 4-7.
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2] user@localhost: linux_app + >

$ sudo ./PCIE_FUNDAMENTAL
== Terasic: PCIe Demo Program ==

Led control

Button Status Read

LInk Information

DMA Memory Test

T Quit
Plesae input your selection:@
Please input led conrol mask:3
Led control success, mask=3h

Led control

Button Status Read
LInk Information
DMA Memory Test

Led control
Button Status Read
LInk Information
DMA Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-7 Screenshot of Button Status Report

11. Type 3 followed by the ENTER key to select the DMA Testing item. The DMA test
result will be reported as shown in Figure 4-8.

B user@localhost: linux_app x4+ v

Plesae input your selection:@
Please input led conrol mask:3
Led control success, mask=3h

[e]: Led control

[1]: Button Status Read

[2]: LInk Information

[3]: DMA Memory Test

[99]: Quit

Plesae input your selection:1
Button status mask

: Led contrel
: Button Status Read
: LInk Information

: DMA Memory Test
[99]: Quit
Plesae input your selection:3
DMA-Memory (Size = 524288 byes) pass
[e]: Led control
[1]: Button Status Read
[2]: LInk Information
[3]: DMA Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-8 Screenshot of DMA Memory Test Result
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12. Type 99 followed by the ENTER key to exit this test program

Development Tools
Quartus Prime 25.3.1 Pro Edition
GNU Compiler Collection, Version 13.3.0 is recommended

Demonstration Source Code Location
Quartus Project: Demonstrations/PCle_Fundamental

C++ Project: Demonstrations/PCle_SW_KIT/Linux/PCIE_FUNDAMENTAL

FPGA Application Design

Figure 4-9 shows the system block diagram in the FPGA system. In the Platform
Designer (formerly Qsys), the PIO controller is used to control the LED and monitor the
Button Status, and the On-Chip memory is used for performing DMA testing. The PIO
controllers and the On-Chip memory are connected to the PCl Express Hard IP

controller through the Memory-Mapped Interface.

a2
FPGA-Platform Designer

!

Input P10
for Button

On-Chip
Memory

Output PI0

for LED
User Logic

Interconnection Fabric for
AXI Memory-Mapped Interface

]

GTX AXI Multi Channel DMA
IP for PCl Express

—

PCle Gen4 x4 Edge

LED

Figure 4-9 Hardware block diagram of the PCle reference design

B Linux Based Application Software Design
The application software project is built by GNU Toolchain. The project includes the

following major files:
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T T

PCIE_FUNDAMENTAL.cpp | Main program
TERASIC_PCIE_MCDMA.h | SDK library file, defines constant and data structure

The main program PCIE_FUNDAMENTAL.cpp defines the controller address according
to the FPGA design.

#define DEMO_PCIE_USER_BAR PCIE_Ea&R4
#define DEMO_PCIE_I0_LED_ADDR 0400000
#define DEMO_PCIE_IO_BUTTON_ADDE  0x8200040
#define DEMO_PCIE_MEM_ADDR 0x100000
#define MEM_ZIZE (512*1024y f/512KEE

The base address of BUTTON and LED controllers are 0x800040 and 0x800000 based
on PCIE_BAR4, respectively. The on-chip memory base address is 0x100000 relative
to the DMA controller.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load
to dynamically load the terasic_pcie_mcdma.so. Then, it call PCIE_Open to open the
PCI Express driver. The constant DEFAULT_PCIE_VID and DEFAULT_PCIE_DID used
in PCIE_Open are defined in TERASIC_PCIE_MCDMA.h. If developers change the
Vendor ID and Device ID and PCI Express IP, they also need to change the ID value
defined in TERASIC_PCIE_MCDMA.h. If the return value of PCIE_Open is zero, it
means the driver cannot be accessed successfully. In this case, please make sure:

® The FPGAIs configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE_Write32(hPCIe, DEMD_PCIE_USER_BAR, DEMO_PCIE_IO_LED_ADDE, (ulnt32_t) Maszk);

The button status query is implemented by calling the PCIE_Read32 API, as shown
below:

bFazs = PCIE_Read32{hPCIe, DEMO_PCIE_USER_BAR, DEMO_PCIE_IO_BUTTON_ADDE, &Status);
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The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:

PCIE DmaWrite(hPCIe, Localaddr, pWrite, nTestiize);
PCIE DImaReadi hPCIe, Localaddr, pEead, nTestiize);

bFass
bPass

4.7 PCle Reference Design - DDR4

The application reference design shows how to add LPDDR4 Memory Controllers for
the LPDDR4-A, LPDDR4-B and LPDDR4-C Components into the PCle Quartus project
based on the PCle_Fundamental Quartus project and perform 4GB data DMA for all
components. Also, this demo shows how to call “PCIE_ConfigRead32” API to check
PCle link status.

B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\Demonstrations\FPGA\PCle DDR4\demo_batch

The folder includes following files:

® FPGA Configuration File: golden_top.sof

® Download Batch file: test.sh

® Linux Application Software folder : linux_app, includes
< PCIE_DDR4
<~ terasic_pcie_mcdma.so

B Demonstration Setup

1. Install the FPGA board on the PCle Slot of your PC.

2. Open a terminal and use "cd" command to go to
"CDROM/Demonstrations/FPGA/PCle_DDR4/demo_batch".

3. Set QUARTUS_ROOTDIR variable pointing to the Quartus installation path. Set
QUARTUS_ROOTDIR variable by tying the following commands in the terminal.
Replace /home/user/altera_pro/25.3.1/quartus to your Quartus installation path.

export QUARTUS_ROOTDIR=/home/user/altera_pro/25.3.1/quartus

4. Execute "sudo -E sh test.sh" command to configure the FPGA
5. Restart Linux
6. Install PCle driver.
7. Make sure that Linux has detected the FPGA Board.
8. Go to the linux_app folder, execute "sudo ./PCIE_DDR4". A menu will appear as
shown in Figure 4-10.
Rdaste] oo N i 2 2o
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2] user@localhost: linux_app + >

$ sudo ./PCIE_DDR4
== Terasic: PCIe Demo Program ==

Led control
: Button Status Read
Link Info
: DMA On-Chip Memory Test
: DMA LPDDR4-A Component Memory Test
: DMA LPDDR4-B Component Memory Test
: DMA LPDDR4-C Component Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-10 Screenshot of Program Menu
9. Type 2 followed by the ENTER key to select the Link Info item. The PCle link

information will be shown as in Figure 4-11. Gen4 link speed and x4 link width are

expected.
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2] user@localhost: linux_app X + >

== Terasic: PCIe Demo Program ==

[@]: Led control

[1]: Button Status Read

[2]: Link Info

[3]: DMA On-Chip Memory Test

[4]: DMA LPDDR4-A Component Memory Test
[5]: DMA LPDDR4-B Component Memory Test
[6]: DMA LPDDR4-C Component Memory Test
[99]: Quit

Plesae input your selection:2

Vender ID:1172h

Device ID:09C4h

Current Link Speed is Gen4

Negotiated Link Width is x4

Maximum Payload Size is 256-byte

Led control
Button Status Read
Link Info
DMA On-Chip Memory Test
DMA LPDDR4-A Component Memory Test
DMA LPDDR4-B Component Memory Test
DMA LPDDR4-C Component Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-11 Screenshot of Link Info

10. Type 3 followed by the ENTER key to select DMA On-Chip Memory Test item. The

DMA write and read test result will be report as shown in Figure 4-12.
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2 user@localhost: linux_app

[@]: Led control

[1]: Button Status Read

[2]: Link Info

[3]: DMA On-Chip Memory Test

[4]: DMA LPDDR4-A Component Memory Test

[5]: DMA LPDDR4-B Component Memory Test

[6]: DMA LPDDR4-C Component Memory Test

[99]: Quit

Plesae input your selection:3

DMA Memory Test, Address = 8x108880, Size = ©x8880© Bytes..

Generate Test Pattern...

DMA Write...

DMA Read... (109888 - 1800080)

Readback Data Verify...

DMA-Memory Address @xleeeee, Size ox80000 bytes pass
[@]: Led control

[1]: Button Status Read

[2]: Link Info

[3]: DMA On-Chip Memory Test

[4]: DMA LPDDR4-A Component Memory Test
[5]: DMA LPDDR4-B Component Memory Test
[6]: DMA LPDDR4-C Component Memory Test
[99]: Quit

Plesae input your selection:l

Figure 4-12 Screenshot of On-Chip Memory DMA Test Result

11. Type 4 followed by the ENTER key to select the DMA LPDDR4-A component
Memory Test item. The DMA write and read test result will be reported as shown in
Figure 4-13.
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Led control
Button Status Read
Link Info
DMA On-Chip Memory Test
DMA LPDDR4-A Component Memory Test
DMA LPDDR4-B Component Memory Test
DMA LPDDR4-C Component Memory Test
: Quit
Plesae input your selection:4
DMA Memory Test, Address = ©x100000e000, Size = ©x100000000 Bytes...
Generate Test Pattern...

DMA Write...

DMA Read... (10000000080 - 1100000008)

Readback Data Verify...

DMA-Memory Address oxloeeeeeeen, Size = Ox1eePELEOO bytes pass

Led control
Button Status Read
Link Info
DMA On-Chip Memory Test
DMA LPDDR4-A Component Memory Test
DMA LPDDR4-B Component Memory Test
DMA LPDDR4-C Component Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-13 Screenshot of LPDDR4-A component Memory DAM Test Result

12. Type 5 followed by the ENTER key to select the DMA LPDDR4-B Component
Memory Test item. The DMA write and read test result will be reported as shown in
Figure 4-14.
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Led control
Button Status Read
Link Info
DMA On-Chip Memory Test
DMA LPDDR4-A Component Memory Test
DMA LPDDR4-B Component Memory Test
DMA LPDDR4-C Component Memory Test
: Quit
Plesae input your selection:5
DMA Memory Test, Address = @xl1leeeeeeee, Size = ©x100000000 Bytes...
Generate Test Pattern...

DMA Write...

DMA Read... (11000800080 - 1200000008)

Readback Data Verify...

DMA-Memory Address @xlleeeeeeen, Size = Ox1leePeLELO bytes pass

Led control
Button Status Read
Link Info
DMA On-Chip Memory Test
DMA LPDDR4-A Component Memory Test
DMA LPDDR4-B Component Memory Test
DMA LPDDR4-C Component Memory Test
[99]: Quit
Plesae input your selection:l

Figure 4-14 Screenshot of LPDDR4-B Component Memory DAM Test Result

13. Type 6 followed by the ENTER key to select the DMA LPDDR4-C Component
Memory Test item. The DMA write and read test result will be reported as shown in
Figure 4-15.
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: Led control
: Button Status Read
: Link Info
: DMA On-Chip Memory Test
: DMA LPDDR4-A Component Memory Test
: DMA LPDDR4-B Component Memory Test
: DMA LPDDR4-C Component Memory Test
: Quit
Plesae input your selection:é

DMA Memory Test, Address = @x1266€00000,

Generate Test Pattern...
DMA Write...
DMA Read...

(1200000000 - 1300000000)
Readback Data Verify...
DMA-Memory Address = 8x1200€06000, Size

: Led control
: Button Status Read
: Link Info
: DMA On-Chip Memory Test
: DMA LPDDR4-A Component Memory Test
: DMA LPDDR4-B Component Memory Test
: DMA LPDDR4-C Component Memory Test
[99]: Quit
Plesae input your selection:l

Size = ©9x100000008 Bytes...

= @xleeeeeeee bytes pass

Figure 4-15 Screenshot of LPDDR4-C Component Memory DAM Test Result

14. Type 99 followed by the ENTER key to exit this test program.

Development Tools
Quartus Prime 25.3.1 Pro Edition
GNU Compiler Collection, Version 13.3.0 is recommended

FPGA Application Design

Demonstration Source Code Location
Quartus Project: Demonstrations/PCIE_DDR4
C++ Project: Demonstrations/PCle_SW_KIT/Linux/PCle_DDR4

Figure 4-16 shows the system block diagram in the FPGA system. In the Platform
Designer (formerly Qsys), the PIO controller is used to control the LED and monitor the
Button Status, and the On-Chip memory is used for performing DMA testing. The PIO
controllers and the On-Chip memory are connected to the PCl Express Hard IP

controller through the Memory-Mapped Interface.
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FPGA-Platform Designer

LPDDR4-A LPDDR4-B
Component Component
Memory Memory

User Logic ‘ ‘

Button

!

LPDDR-C o
Component On-Chip InputPI0  OutputPI0 __

Memory Memory  forButton  forLED

Interconnection Fabric for
AXI Memory-Mapped Interface

]

GTX AXI Multi Channel DMA
IP for PC Express

]

PCle Gen4 x4 Edge

Figure 4-16 Hardware block diagram of the PCle_DDR4 reference design

B Linux Based Application Software Design
The application software project is built by GNU Toolchain. The project includes the

following major files:

[ wame | Descrpon

PCIE_DDR4.cpp

Main program

TERASIC_PCIE_MCDMA.h

SDK library file, defines constant and data structure

The main program PCIE_DDR4.cpp defines the controller address according to the

FPGA design.
#define DEMO_PCIE_USER_BAR PCIE_BAR4
#define DEMO_PCIE_IO_LED_ATDR 0x&00000

#define DEMO_PCIE_IO_EUTTON_ADDE  0x300040
#define DEMO_PCIE_ONCHIP MEM_ADDE  0x100000
#define DEMO_PCIE_DDRAA MEM_ADDE  0x1000000000
#define DEMO_PCIE DDRAE MEM_ADDE  0x1200000000

#define ONCHIP_MEM_TERT_SIZE (512*%1024y //512ER
#define DDE44 MEM_TEST SIZE (Bull*1024*1024*1024; //BGE
#define DDE4B_MEM_TEST 3IZE (Bull*1024%1024*1024 5 //BGE

The base address of BUTTON and LED controllers are 0x800040 and 0x800000 based
on PCIE_BARA4, respectively. The on-chip memory base address is 0x100000 relative

to the DMA controller. The above definition is the same as those in PCle Fundamental
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demo.

Before accessing the FPGA through PCI Express, the application first calls the
PCIE_Load to dynamically load the terasic_pcie_mcdma.so. Then, it calls the
PCIE_Open to open the PCI Express driver. The constant DEFAULT_PCIE_VID and
DEFAULT_PCIE_DID used in the PCIE_Open are defined in
TERASIC_PCIE_MCDMA.h. If developers changes the Vendor ID and Device ID and
PCI Express IP, they also need to change the ID value defined in
TERASIC_PCIE_MCDMA.h. If the return value of the PCIE_Open is zero, it means the
driver cannot be accessed successfully. In this case, please make sure:

® The FPGA s configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE_Write33(hPCle, DEMO_PCIE_USER_BAR, DEMO_PCIE_I0_LED ATDR, (uint32_t) Mask);

The button status query is implemented by calling the PCIE_Read32 API, as shown

below:

bFazs = PCIE_Read32{hPCIe, DEMO_PCIE_USER_BAR, DEMO_PCIE_IO_BUTTON_ADDE, &Status);

The memory-mapped memory read and write test is implemented via PCIE_DmaWrite
and the PCIE_DmaRead API, as shown below:

bPass
bFass

PCIE DmaWrite(hPCIe, Localaddr, pWrite, nTestiize);
PCIE DImaReadihPCle, Localaddr, pREead, nTest2ize);

The PCle link information is implemented by PCIE_ConfigRead32 API, as shown below:
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A read conflz - link status
if (PCIE ConfigRead?2(hPCle, 0x30, &Datazdyy
switch ((Data3? == 160 & 0x0F) ¢
case 1:
printfi"Current Link Speed iz Genlin"):
break;
case 2:
printf({"Current Link Speed 1s Gend'n");
break;
case 3:
printfi"Current Link Speed 1z Gen2'n");
break;
case 4:
printf{"Current Link Speed 15 Gend'in"):
hreak;
defaunlt:
printf{"Current Link Speed 1s Tnknown'n"):
break;
1
switch ((Data3? == 200 & 0x3F)
case 1:
printf{"Negotiated Link Width iz xl.n");
hreak;
case 2:
printf({"Negotiated Link Width 15 x2'n");
break;
case 4:
printfi"Negotiated Link Width 15 =zd'n");
hreak;
case B:
printf{"Negotiated Link Width 1z z8.n");
break;
case 16:
printfi"Negotiated Link Width 15 xzla'n");
hreak;
defanlt:
printfi"Negotiated Link Width 15 Unknowm'n");
break;
1
}oelse |
hPass = false;
I
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Chapter 5
Transceiver Verification

his chapter describes how to quickly verify the FPGA transceivers via the
QSFP+ connector.

5.1 Transceiver Test Code

The transceiver test code is used to verify the transceiver channels for the QSFP+ ports
through an external loopback method. The transceiver channels are verified with the
data rates 10.3125 Gbps with PRBS31 test pattern

5.2 Loopback Fixture

To enable an external loopback of the transceiver channels, QSFP+ loopback fixtures,
as shown in Figure 5-1, are required. This loopback fixture is manufactured by Molex,
with part number 74763-0025.

Figure 5-1 QSFP+ Loopback Cable

Figure 5-2 shows the FPGA board with one QSFP+ loopback fixture installed.
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Figure 5-2 QSFP+ Loopback fixture installed on the board

5.3 Testing by Transceiver Test Code

The transceiver test code is available in the folder System CD\Tool\Transceiver_Test.
Figure 5-3, Figure 5-4 and Figure 5-5 shows the GTS PMA/FEC Direct PHY settings
in the test code. The data rate of each transceiver channel is set to 10312.5 Mbps and
the PMA modulation type is NRZ. So the 40Gbps QSFP+ loopback test code is
implemented (4 channels in total). Also, the GTS Reference and System PLL setting is
shown in Figure 5-6.
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GTS PMA/FEC Direct PHY IP

intel_directphy_gts

T Mode

Direct PHY Cperation Made:  |Basic Configuration -

* Common Datapath Options

PMA configuration rules; Basic -
Mumber of PMA lanes: 4 -
Datapath clocking mode: System PLL -
SystemMVIO PLL frequency:  [322 265625 MHz
PMA mode: Duplex -

PMA data rate: 103125 Mbps
P& parallel clock frequency: 322 265625 MHz
PRA wicth: 32 -

[ | Provide separate interface for each PMA

[ | Enable refclock to core

|* TX/RX Common PMA Options

Loopback mode; dizabled -

Figure 5-3 The Transceiver PHY setting
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l/ TX Datapath Options r RX Datapath Options r FEC Options r PCS Options r Avalon Memory-Mapped Interface | Ex;

[~ TxPma

PRES generator mode;

|DISABLE

|v|

[~ TX PLL Settings

Output freguency:
WCO frequency:
|| Enable TX PLL cascade mode
[ ] Enable TX PLL fractional mode
T¥ PLL integer mode reference clock freguency:

T PLL fractional mode reference clock freguency:

5156.250000

10312.500000

MHz

MHz

|‘1 56.250000

|V|MH2

MHz

[~ TX PMA Interface

TH PMA interface FIFO moce:
|:| Enakle tx_pmaif_fifo_empty port
|:| Enakble tx_pmaif_fifo_pempty port

[ Enable tx_pmaif_fifo_pfull port

|Elastic

|v TX Core Interface

[~ T core Interface FIF0

Enable tx_cadence_slow_clk_locked port
T¥ core Interface FIFO Mocle:

Enable TX double width transfer

[] Enable tx_fifo_full port

[ Enahle tx_fifo_empty port

[_] Enable tx_fifo_pfull port

[ Enable tx_fifo_pempty port

|:| Enakle custom cadence generation ports and logic

Phase compensation

[~ TX Clock options

Selected tx_clkout clock source:
tx_clkout clock div by
Freguency of tx_clkout:

[_] Enable tx_clkout2 port

|Sysﬂ-|\f'l0 PLL Clock

2

161.132812

[* TX User Clock Setting

TH user clock div by:

T user clock Freguency:

|1 0o

103125

MHz

Figure 5-4 Transceiver TX Data Path Options
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|’ T¥ Datapath Options |’ RX Datapath Options |/ FEC Options |/ PCS Options |’ Avalon Memory-Mapped It

[* Rx PmA

PRES monitar mocle: |DISABLE

[|Enable rx_cdr_divelk

|~ Rx CDR Settings

Output frequency: 5156.250000

WECO frequency: 10312500000

RX COR reference clock frequency: |1 56.250000

CDR lock mode: |auto

|:| Enakle rx_set_locktoref port

[* Rx PMA Interface

R PMA interface FIFC mode: |EIas‘tic

|:| Enable rx_pmaif_fifo_smpty port
|:| Enable rx_pmaif_fifo_pempty port

|:| Enable rx_pmaif_fifo_pfull port

|' RX Core Interface

|~ RX Core Interface FIFO

RX core interface FIFO mode: Phase compensation

Enable RX double width transfer
[ ] Enable rx_fifo_full port

[] Enakle rx_fifo_empty port

[ ] Enable rx_fifo_pfull port

[] Enable rx_fifo_pempty port

[ Enable rx_fifo_rd_en port

~ RX Clock Options

Selected rx_clhout clock source: |sys.IHVIO PLL clock

rx_clkout clock div by: |2

Freguency of rx_clkout: 161.132812

[ ] Enable rx_clkout2 port

Hz

[~ Rx User Clock Setting

R user clock div by: 100

RX user clock Freguency: 103.125

MHz

Rasic

www.terasic.com

Figure 5-5 Transceiver RX Data Path Options
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GTS System PLL Clocks IP

irtel_systemclk_gts

'~ System PLL
(SystempLL |
Use case of System PLL: |TRAMNSCEINVER_USE_CASE -
Mode of System PLL: ETHERMET_FREGQ_322_156 -
Output frequency CO: J32 SR5RES MH=z
Refelk frequency: 156.250000 w | MHz

Figure 5-6 The GTS System PLL Clock setting

The FPGA transceiver PMA setting used are shown in the table below.

Direction ltem Value

TX pre_tap_2 0
pre_tap 1 0
main_tap 45
post_tap 1 4

RX Auto Default

Here are the procedures to perform transceiver channel test:

1. Copy the Transceiver_Test folder to your local disk.

2. Ensure that the FPGA board is NOT powered on.

3. Plug-in the QSFP+ loopback fixtures.

4. Connect your FPGA board to your PC with an USB cable.

5. Power on the FPGA board

6. Execute 'test.bat" in the Transceiver_Test folder under your local disk.

7. The batch file will download .sof and .elf files, and start the test immediately.
The test result is shown in the command shell terminal, as shown in Figure
5-7. Note, the result show “error count = 0” means the test is pass.

8. To terminate the test, press the BUTTON on the SOM module.

Rdaste] oo N i 2 2o
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C:\Windows\system32\cmd.ex X + -

Transceiver for QSFP+ testing...

Press the button on the SOM board can terminate the testing.

Init...

Time Elapsed (d h:m:s): © 0:0:0
QSFP UB xcvr 18.3125Gpbs xu, Numbers of bit tested: (0.000E+88) xu

CH-0 error count:@
CH-1 error count:®
CH-2 error count:0
CH-3 error count:0@

Time Elapsed (d h:m:s): 8 0:0:5

QSFP UB xcvr 10.3125Gpbs xt, Numbers of bit tested: (5.156E+18) xu
CH-@ error count:@
CH-1 error count:@
CH-2 error count:@
CH-3 error count:@

Time Elapsed (d h:m:s): © 0:0:16
QSFP UB xcvr 10.3125Gpbs xU, Numbers of bit tested: (1.831E+11) xu
CH-8 error count:@
CH-1 error count:@
CH-2 error count:@
CH-3 error count:@

Figure 5-7 QSFP+ Transceiver Loopback Test in Progress
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Chapter 6

Additional Information

6.1 Getting Help

Here are the addresses where you can get help if you encounter problems:

B Terasic Technologies

No.80, Fenggong Rd., Hukou Township, Hsinchu County 303035. Taiwan

Email: support@terasic.com

Web: www.terasic.com

Comet A65 Evaluation Kit Web: http://comet-a65.terasic.com/

B Revision History

Date Version Changes
2025.11 First publication
2025.12 V1.0 Major revision based on comprehensive review and
proofreading corrections
2025.12 V2.0 New added Chapter 4&5 for PCle reference design
2026.04 V2.1 Upgrade Quartus v25.3 to v25.3.1, update few
figures for 12V 2x3 power connector
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