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Chapter 1

Overview

his Manual will introduce the various application demonstrations on DE25-
Standard Development 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 and HPS are divided into two

categories:

B Pure use of FPGA fabric resources (Chapter 2)
B Pure use of HPS fabric resources (Chapter 3)

Finally, to complete the following demonstration, user needs to install the following

software in the computer:

B Intel Quartus® Prime Pro Edition Software Version 25.1.1 or later.
B Ashling* RiscFree* IDE for Altera

Note: To run the demo bath file with the Nios V CPU of the demonstration on
windows system, user need to install the Windows Subsystem for Linux (WSL)
first then you can run the batch file. Please refer to the link to install : Getting

Start Install WSL
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Chapter 2

Examples For FPGA

his chapter provides examples of advanced designs implemented by RTL or

Qsys on the DE25-Standard Development Kit. These reference designs cover

the features of peripherals connected to the FPGA, such as DDR4, temperature
monitor, PLL clock setting and Power monitor. All the associated files can be found in
the directory \Demonstrations\FPGA of DE25-Standard 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 This
demonstration shows how to use the Nios V processor to monitor board temperature
and monitor/control fan speed. Terasic Board Management IP is used in this

demonstration.

B System Block Diagram

Figure 2-1 illustrates the system block diagram for this demonstration. The Terasic
Board Management IP is responsible for directly monitoring and controlling the
temperature sensor and fan controller. The Nios V processor communicates with the
Board Management IP through the GPIO controllers.
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FPGA
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Controller management
Timer ¢ 12C Temperature
-«
PIO Fan Conlrol Controller Sensor

On-Chip
Memory

Figure 2-1 Block Diagram of the Nios V Demonstration

The program provides an interactive menu in the command-line window, as shown in
Figure 2-2. Through this menu, users can query board information, such as temperature
and fan speed, or set the fan speed manually.

Note: After entering a choice number, press ENTER to confirm the selection.

T CAWindows\systemI2emdes X +

Figure 2-2 Menu of Demo Program

In the Show Board Info menu, the program displays the FPGA/board temperature and
fan rotation speed. In the Set Fan Speed menu, the user can specify a fixed fan speed
or select Auto mode. In Auto mode, the Board Management IP automatically adjusts
the fan speed based on the FPGA and board temperatures.

B Demonstration File Location
® Hardware project directory: Board_Info_NiosV
® Bitstream used: golden_top.sof and Board_Info.elf
® Software project directory: Board_Info\software
® Demo batch file: Board_Info\demo_batch\test.bat
asicC DE25-Standard 6 www.terasic.com
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B |Install Ashling RiscFree IDE
Before executing this demo with RISC-V core, users need to install Ashling RiscFree
IDE for Intel® FPGAs to ensure that this batch file can be executed correctly.

B Demonstration Setup and Instructions
. Make sure Quartus Prime is installed on the Host PC.

2. Use the USB Cable to connect your PC and the FPGA board and install USB
Blaster Il driver if necessary.

3. Power on the FPGA board.
Execute the demo batch file “test.bat” under the batch file folder: Board_Info
_NiosV\demo_batch.

5. After the Nios V program is downloaded and executed successfully, a prompt
message will be displayed in command line window.

6. To monitor temperature and fan speed, enter ‘0’ and press Enter in the nios-
terminal, as shown in Figure 2-3.
7. To manually control the fan speed:

Enter ‘1’ and press Enter in the nios-terminal.
A fan control menu will appear.
Enter ‘1’ again and press Enter to enter manual control mode.

Input the desired fan speed and press Enter, as shown in Figure 2-3.

3] C:\Windows\system32\cmd.ex X (&

DE25-Standard Demo Program
[6] Show Board Info
[1] Set Fan Speed
Input your chioce:®
==== Temperature ====
FPGA: 31*C
Board 1: 28%C
Board 2: 36*C

==== Fan ====
Fan RPM: 3720

Show Board Info Test:PASS
DE25-Standard Demo Program

[0] Show Board Info

[1] Set Fan Speed

Input your chioce:|

Figure 2-3 Board Info Demo
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2.2 Board Information IP

This section will introduce an IP which can be placed in the Agilex FPGA and allows
users to obtain board status information such as temperature status and fan speed on
the DE25-Standard board.

The DE25-Standard board provides several sensors to monitor the status of the board,
such as FPGA/Board temperature, and fan speed status. The system primarily uses the
I?’C bus (FPGA_I2C) to communicate with on-board devices via the FPGA’s [?C
controller. It reads temperature data from the TMP442 (I?C slave address: 0x98),
including FPGA temperature, local board temperature, and remote board temperature.
The system also interfaces with the MAX6650 (I>C slave address: 0x90) to both
configure the fan speed and read the current fan speed.

An automatic fan speed control function (AutoFan) adjusts the fan speed based on the
temperature readings. This function can be enabled or disabled via the
Auto_Fan_Speed (0 or 1):

e When set to 0, the fan speed is controlled manually by the user.
e When set to 1, the fan speed is automatically determined by the AutoFan logic
and sent to the MAX6650 fan controller

The Block as shown in Figure 2-4.

BOARD_MANAGEMENT
Auto_Fan_Speed

KTACH
; - e—Set_Fan_Speed][15:0]

N
A

!

AutoFan_temp

Temperature Sensor —— > AutoFan
(TMP442)
PG aC 12C_Controller
FAN Controller ——p» FPGA_Temperature —»
(MAX6650)

Compare

—
Board Temperature —» S

————————— Board2_Temperature —»

————— Fan_Speed

Figure 2-4 Block diagram of the fan speed control demonstration
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User can placing a board information IP (BOARD_MANAGEMENT.v) provided by
Terasic in the Agilex FPGA, the board status can be obtained via 12C interface from the
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_management_ip/
BOARD_MANAGEMENT.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 Board information IP input
and output ports. The user only needs to provide the IP 50Mhz clock and the reset
control signal. The IP will automatically communicate with to get the board status value
via the 12C interface. When the logic level of the 12C_READY 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.

12C_scL
12C_SDA

To System Max
12C interface

|

Input Clock —— | RESET_N
andReset | CLK_50

Info_Valid
Board_Version[15:0]
MaxCode_Version[15:0]
Powerln_Voltage[15:0]
Fan_Speed[15:0]
Temp_Board[15:0]
Temp_Board2[15:0]
Temp_FPGA[15:0]
PIN_STATUS[15:0]
Shutdown_flag[15:0]

To User Logic

HHii

Figure 2-5 Pin out of the board information IP
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Table 2-1 Board information IP input and output ports

Direction |Width(Bit) Description

clk_50 Input 1 Clock input for IP, please input 50Mhz clock.
reset_n Input 1 Reset signal for IP, reset all logic.
Master 12C data . Please connect this signal to
I2C_SDA BIR 1
the FPGA_I2C_SDATpin.
Master 12C clock, 12C master output to salve.
[2C_SCL Output 1 Please connect this signal to the
FPGA_I2C_SCLK pin.
Information valid, logic high indicates board
[2C_READY Output 1
status updated ready.
Output 16 First fan speed of the board. The unit of the
Fan_Speed
output value is RPM.
Output 16 First ambient temperature of the development
Board_Temperature
board. The unit of the output value is Celsius.
Output 16 Second ambient temperature of the
Board2_Temperature development board. The unit of the output
value is Celsius.
Output 16 Core FPGA temperature of the development
FPGA_Temperature
board. The unit of the output value is Celsius.
Auto_Fan_Speed Input 1 1: enable audo speed control.0: user specify
fan speed
Set_Fan_Speed Input 16 Input rotational speed (unit: RPM)

Name

[I) 1%3 2$E 3?4 5‘II2 E‘IHJ

=

AMNAGEMENT|FPGA_Temperature[15..0]

43

=

AMNAGEMENT|Board_Temperature[15..0]

38

=

~..MAGEMENT|Board2_Temperature[15..0]

43

=

-..OARD_MANAGEMENT|Fan_Speed[15..0]

u_BOARD MANAGEMENT|Autc Fan Speed

#-..D MANAGEMENT|Set Fan_Speed[15..0]

a

1
1
1
!
i &
|
1
1
1

Figure 2-6 Waveform of the board status output
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2.3 SDRAM Test in Verilog

DE25-Standard system CD offers another SDRAM test with its test code written in
Verilog HDL. The memory size of the SDRAM bank tested is still 64MB.

B System Block Diagram

Figure 2-7 shows the function block diagram of this demonstration. The SDRAM
controller uses 50 MHz as a reference clock and generates 100 MHz as the memory

clock.
FPGA
SDRAM [
N 1/
E Conrtoller
CLOCK_50 '

KEYO

b S , LED

Figure 2-7 Block Diagram of the SDRAM test in Verilog

RW__test module writes the entire memory with a test sequence first before comparing
the data read back with the regenerated test sequence, which is same as the data
written to the memory. KEYO triggers test control signals for the SDRAM, and the LEDs
will indicate the test result according to Table 2-2.

B Design Tools
® Quartus Prime 25.1.1 Pro Edition

B Demonstration Source Code
® Quartus Project directory: DRAM_RTL_Test

® Bitstream used: golden_top.sof

B Demonstration Batch File
Demo Batch File Folder: DRAM_RTL_Test\demo_batch
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The demo batch file includes following files:

® Demo Batch File : test.bat
® FPGA Configure File: golden_top.sof

B Demonstration Setup and Instructions

2.4

Please make sure both Quartus Il and USB-Blaster Il driver are installed on
the host PC.

Power on the board.

Execute the demo batch file “ test.bat” from the directoy
DRAM_RTL_Test\demo_batch.

Press KEYO on the board to start the verification process. When KEYO is
pressed, the LED [2:0] should turn on. When KEYO is then released, LED1
and LED22 should start blinking.

After approximately 8 seconds, LED1 should stop blinking and stay ON to
indicate the test is PASS. Table 2-2 lists the status of LED indicators.

If LED1 is not blinking, it means 50MHz clock source is not working.

If LED1 failed to remain ON after approximately 8 seconds, the SDRAM test
is NG.

Press KEYO again to repeat the SDRAM test.

Table 2-2 Status of LED Indicators

Shame | Dsscrpton

LEDO Reset
LED1 ON if the test is PASS after releasing KEYO0
LED2 Blinks

DDR4 SDRAM Test by Nios V

Many applications use a high performance RAM, such as a DDR4 SDRAM, to provide

temporary storage. In this demonstration hardware and software designs are provided

to illustrate how to perform DDR4 memory access in the Platform Designer (formerly

Qsys). We describe how the memory controller Agilex External Memory Interfaces is
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used to access the on-board DDR4 SDRAM on the FPGA board, and how the Nios V
processor is used to read and write the SDRAM for hardware verification. The DDR4
SDRAM controller handles the complex aspects of using the DDR4 SDRAM by
initializing the memory devices, managing the SDRAM banks, and keeping the devices
refreshed at the appropriate intervals.

B System Block Diagram

Figure 2-8 shows the system block diagram of this demonstration. In the Platform
Designer (formerly Qsys), one 25 MHz OSC and clock gernerator(Si5332B) are used.
The OSC and clock gernerator will provide a 150 Mhz clock to the on-board DDR4
SDRAM(DDRA4A) as the reference clock. There is a DDR4 Controller which is used in
the demonstrations. The controller is responsible for on-board DDR4 SDRAM (DDR4A).
The DDR4 controllers are configured as 1GB DDR4 controller. Depending on the FPGA
with different speed grade, the controller generates clocks with different speeds. For
details, please refer to $:z! A Z|<:EFE - . The Nios V processor is used to
perform the memory test. The Nios V program is running in the On-Chip Memory. APIO
Controller is used to monitor buttons status which is used to trigger starting memory
testing.

FPGA

Platform Designer

C; 50 MHz (formerIstys)/\
NIosV - “ On-Chip
Memory
oPLL
DDR4A REFCLK - PIO “ PIO
25MHz (150Mhz) Controller Controller
e 4
“ DDR4 “ DDR4A
Controller SODIMM

o
N

Figure 2-8 Block diagram of the DDR4 Basic Demonstration

System Interconection Fabric

The system flow is controlled by a Nios V program. First, the Nios V program writes test
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patterns into the whole 1GB of SDRAM. Then, it calls Nios V system function,
alt_dache_flush_all(), to make sure all data has been written to SDRAM. Finally, it reads
data from SDRAM for data verification. Maybe the process takes a long time, and there
is a quick test. The Nios V program writes a constant pattern into the address line and

data line and reads it back for verification. The program will show progress in Nios V
terminal when writing/reading data to/from the SDRAM. When verification process is

completed, the result is displayed in the Nios V terminal.

Design Tools
® Quartus Prime 25.1 Pro Edition

Demonstration Source Code
® Quartus Project directory: DDR4_Test_NiosV
® Nios V Eclipse: DDR4_Test_NiosV \software

Demonstration Batch File

Demo Batch File Folder: DDR4_Test NiosV \demo_batch

The demo batch file includes following files:

® Batch File for USB-Blaster Il: test.bat
® FPGA Configure File: golden_top.sof/
® Nios V Program: ddr4.elf

Demonstration Setup

Please follow below procedures to set up the demonstrations.

6.

Make sure Quartus Prime and Nios V are installed on your PC.

Use a USB Cable to connect the PC and the FPGA board and install USB Blaster

Il driver if necessary.

Power on the FPGA board.

Execute the demo batch  file “test.bat” under the  folder

“‘DDR4_Test_NiosV\demo_batch”.

After the Nios V program is downloaded and executed successfully, a prompt

message will be displayed in the command-line terminal.

For DDR4 full test, please input key ‘0’ and press ‘Enter’ in the command-line

asicC DE25-Standard 14 www.terasic.com
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terminal as shown in Figure 2-9. The program will display progressing and result
information.

For DDR4 quick test, please input key “1” and press ‘Enter’ in the command-line
terminal as shown in Figure 2-10. The program will display progressing and result
information. Press Button0O of the FPGA board to start SDRAM verify process. Note,

this test may take about few minutes to run.

Ox 00800004 in 97
Loading sectis

Loading sectis
Loading sectio
Loading sectio
i

sfer rate: 6 zee, 11831 byvte
ferior 1 (R » target) dets
0 Sending 1 to OpenQCD.
=== fAgilex :
LO] DDR4 Fu
L1 DDE4 Quick Test
r chioceg U

Ill-:l. ||" o =

Figure 2-9 Progress option [0] DDR4x2 Test
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Figure 2-10 Progress and Result Information for “DDR4 Quick Test”

2.5 Audio Recording and Playing

This demonstration shows how to implement an audio recorder and player on DE25-
Standard board with the built-in audio CODEC chip. It is developed based on Qsys and
Eclipse. Figure 2-11 shows the buttons and slide switches used to interact this
demonstration onboard. Users can configure this audio system through two push-

buttons and four slide switches:

® SWO0 is used to specify the recording source to be Line-in or MIC-In.

® SW3, SW4, and SW5 are used to specify the recording sample rate such as 96K,
48K, 44.1K, 32K, or 8K.

® Table 2-3 and Table 2-4 summarize the usage of slide switches for configuring the

audio recorder and player.
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Audio Source:
MIC or LINE IN

Figure 2-11 Buttons and switches for the audio recorder and player

Figure 2-11 shows the block diagram of audio recorder and player design. There are
hardware and software parts in the block diagram. The software part stores the Nios V
program in the on-chip memory. The hardware part is built under Qsys in Quartus Prime.
The hardware part includes all the other blocks such as the “AUDIO Controller”, which
is a user-defined Qsys component and it is designed to send audio data to the audio
chip or receive audio data from the audio chip.

The audio chip is programmed through 12C protocol, which is implemented in C code.
The 12C pins from the audio chip are connected to Qsys system interconnect fabric
through PIO controllers. The audio chip is configured in master mode in this
demonstration. The audio interface is configured as 16-bit 1I2S mode. 18.432MHz clock
generated by the PLL is connected to the MCLK/XTI pin of the audio chip through the
audio controller.
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50MHz ——» NIOSV

RESET_n ——»

Clockto SDRAM +—  PLL

SDRAM
ﬁ Controller “ SRAAME —

ﬁ On Chip

Memory
JTAG
UART

AUDIO
Controller 4=) AuDIO

System Interconection Fabric

PIO LED/KEY
H Controller “ /SW/12C

<

Figure 2-12 Block diagram of the audio recorder and player

B Demonstration Setup, File Locations, and Instructions

Hardware project directory: Audio

Bitstream used: golden_top.sof

Software project directory: Audio\software

Connect an audio source to the Line-in port

Connect a Microphone to the MIC-in port

Connect a speaker or headset to the Line-out port
Load the bitstream into the FPGA (note *1)

Load the software execution file into the FPGA (note *1)
Configure the audio with SWO, as shown in Table 2-3
Press KEY3 to start/stop audio recording (note *2)
Press KEY2 to start/stop audio playing (note *3)

Table 2-3 Slide switches usage for audio source

Store Audio
Data

Nios V
Program

Slide Switches 0 — DOWN Position 1 — UP Position

'SWO Audio is from MIC-in Audio is from Line-in |
maﬂc DE25-Standard 18 www.terasic.com
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Table 2-4 Settings of switches for the sample rate of audio recorder and player

SW4 SW3
(0 — DOWN; (0 — DOWN; Sample Rate
1-UP) 1-UP)
0 0 0 96K
0 0 1 48K
0 1 0 441K
0 1 1 32K
1 0 0 8K
Unlisted combination 96K
Note:

(1). Execute Audio/demo_batch/test.bat to download .sof and .elf files.
(2). Recording process will stop if the audio buffer is full.
(3). Playing process will stop if the audio data is played completely.

2.6 Karaoke Machine

This demonstration uses the microphone-in, line-in, and line-out ports on DE25-
Standard to create a Karaoke machine. The SSM2603 CODEC is configured in master
mode. The audio CODEC generates AD/DA serial bit clock (BCK) and the left/right
channel clock (LRCK) automatically. The 12C interface is used to configure the audio
CODEC, as shown in Figure 2-13. The sample rate and gain of the CODEC are set in
a similar manner, and the data input from the line-in port is then mixed with the
microphone-in port. The result is sent out to the line-out port.

The sample rate is set to 48 kHz in this demonstration. The gain of the audio CODEC

is reconfigured via 12C bus by pressing the pushbutton KEYO, cycling within ten
predefined gain values (volume levels) provided by the device.
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—_—
-
—

Figure 2-13 Block diagram of the Karaoke machine demonstration

+-— Line-In

B Demonstration Setup, File Locations, and Instructions

° Project directory: i2sound

° Bitstream used: golden_top.sof

° Connect a microphone to the microphone-in port (pink color)

° Connect the audio output of a music player, such as a MP3 player or computer,
to the line-in port (blue color)

° Connect a headset/speaker to the line-out port (green color)

o Load the bitstream into the FPGA by executing the batch file ‘test.bat’ in the
directory i2sound\demo_batch

o Users should be able to hear a mixture of microphone sound and the sound
from the  music player

o Press KEYO to adjust the volume; it cycles between volume level 0 to 9

Figure 2-14 illustrates the setup for this demonstration.
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MP3/
Any Audio Output

o i)

— | — Bk

Microphone Speaker
T T T ; e

Clock/Data

Frequency
Generator

Figure 2-14 Setup for the Karaoke machine

2.7 IR Emitter LED and Receiver

Demonstration

DE25-Standard system CD has an example of using the IR Emitter LED and IR receiver.
This demonstration is coded in Verilog HDL.
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FPGA

DATA IRTX
KEY 0 - test pattern . Controller
IR RX h IR ‘
| Controller j Receiver
: : A

Six HEXs IR
Remote

Figure 2-15 Block diagram of the IR emitter LED and receiver demonstration

Figure 2-15 shows the block diagram of the design. It implements a IR TX Controller
and a IR RX Controller. When KEYO is pressed, data test pattern generator will generate
data to the IR TX Controller continuously. When IR TX Controller is active, it will format
the data to be compatible with NEC IR transmission protocol and send it out through
the IR emitter LED. The IR receiver will decode the received data and display it on the
six HEXs. Users can also use a remote control to send data to the IR Receiver. The
main function of IR TX /RX controller and IR remote control in this demonstration is
described in the following sections.

B |IR TX Controller

Users can input 8-bit address and 8-bit command into the IR TX Controller. The IR TX
Controller will encode the address and command first before sending it out according
to NEC IR transmission protocol through the IR emitter LED. The input clock of IR TX
Controller should be 50MHz.

The NEC IR transmission protocol uses pulse distance to encode the message bits.
Each pulse burst is 562.5us in length with a carrier frequency of 38kHz (26.3us).

Figure 2-16 shows the duration of logical “1” and “0”. Logical bits are transmitted as
follows:
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® Logical '0'—a 562.5us pulse burst followed by a 562.5us space with a total
transmit time of 1.125ms

® Logical '"1'—a 562.5us pulse burst followed by a 1.6875ms space with a total
transmit time of 2.25ms

Logical "1” Logical "0"

»id
L

562 25us ‘ 562 25us 562 25us

2.25ms 1.1 25ms

>
v
F
v

Figure 2-16 Duration of logical “1”and logical “0”

Figure 2-17 shows a frame of the protocol. Protocol sends a lead code first, which is a
9ms leading pulse burst, followed by a 4.5ms window. The second inversed data is sent
to verify the accuracy of the information received. A final 562.5us pulse burst is sent to
signify the end of message transmission. Because the data is sent in pair (original and
inverted) according to the protocol, the overall transmission time is constant.

cooo0o000041 1t 11t 11 1 1 1 01 101 01 01 001 0 10

iLSB LSB

g g = :LSB
= 4. : Address(Logical Inverse, : Command(Logical Inverse’
DRLEIN Sl Address > (Logl ) »ie Command »ie (Log L

27ms »>ie 27ms >

>
v

Figure 2-17 16 Typical frame of NEC protocol

Note: The signal received by IR Receiver is inverted. For instance, if IR TX Controller
sends a lead code 9 ms high and then 4.5 ms low, IR Receiver will receive a 9 ms low
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and then 4.5 ms high lead code.

B IR Remote

When a key on the remote control shown in Figure 2-18 is pressed, the remote control
will emit a standard frame, as shown in Table 2-5. The beginning of the frame is the
lead code, which represents the start bit, followed by the key-related information. The
last bit end code represents the end of the frame. The value of this frame is completely
inverted at the receiving end.

Figure 2-18 The remote control used in this demonstration

Table 2-5 Key Code Information for Each Key on the Remote Control

Key | Key Code Key | Key Code Key | Key Code Key @ Key Code

@ 0xOF 0x13 @ 0x10 @ 0x12

o 0x01 o 0x02 e 0x03 A 0x1A

o 0x04 o 0x05 e 0x06 v 0x1E

o 0x07 e 0x08 o 0x09 ‘A oxiB

0x11 o 0x00 @ 0x17 v 0x1F

@ 0x16 @ 0x14 @ 0x18 2 | oxoc
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End
Inv Key Code | Code
Lead Code 1bit |Custom Code 16bits| Key Code 8bits 8bits 1bit

<
<

<
<

v

B
Ll »

>

y

Figure 2-19 The transmitting frame of the IR remote control

B IR RX Controller

The following demonstration shows how to implement the IP of IR receiver controller in
the FPGA. Figure 2-20 shows the modules used in this demo, including Code Detector,
State Machine, and Shift Register. At the beginning the IR receiver demodulates the
signal inputs to the Code Detector. The Code Detector will check the Lead Code and
feedback the examination result to the State Machine.

The State Machine block will change the state from IDLE to GUIDANCE once the Lead
Code is detected. If the Code Detector detects the Custom Code status, the current
state will change from GUIDANCE to DATAREAD state. The Code Detector will also
save the receiving data and output to the Shift Register and display on the 7-segment.
Figure 5 20 shows the state shift diagram of State Machine block. The input clock should
be 50MHz.

IR Signal Code Detector _— Shift Register &P

Figure 2-20 Modules in the IR Receiver controller
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P

End Code Lead Code

Custom Code

Figure 2-21 State shift diagram of State Machine block

B Design Tools
® Quartus Prime 25.1.1 Pro Edition

B Demonstration Source Code
® Quartus Project directory: IR
® Bitstream used: golden_top.sof

B Demonstration Batch File
Demo Batch File Folder: IR\demo_batch

The demo batch file includes following files:

® Batch File for USB-Blaster Il: test.bat
® FPGA Configure File: golden_top.sof

B Demonstration Setup and Instructions
® Please make sure both Quartus Il and USB-Blaster |l driver are installed on
the host PC.
® Power on the board.
® Load the bitstream into the FPGA by executing IR\demo_batch\ test.bat
® Keep pressing KEY[0] to enable the pattern to be sent out continuously by
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the IR TX Controller.

Observe the six HEXs according to Table 2-6.

Release KEY[O0] to stop the IR TX.

Point the IR receiver with the remote control and press any button.
Observe the six HEXs according to Table 2-6.

Table 2-6 Detailed Information of the Indicators

HEX5 Inversed high byte of DATA(Key Code)
HEX4 Inversed low byte of DATA(Key Code)

HEX3 High byte of ADDRESS(Custom Code)
HEX2 Low byte of ADDRESS(Custom Code)

HEX1 High byte of DATA(Key Code)

HEXO0 Low byte of DATA (Key Code)

2.8 ADC_NiosV Reading

This demonstration illustrates steps to evaluate the performance of the 8-channel 12-
bit analog-to-digital converter (ADC) LTA2528. The DC 5.0V on the 2x5 header is used
to drive the analog signals by a trimmer potentiometer. The voltage should be adjusted
within the range between 0 and 3.3V. The 12-bit voltage measurement is displayed on
the NIOS terminal.

Figure 2-22 shows the block diagram of this demonstration. Nios V uses SPI (4-Wire
Serial) IP to communicate with the LTA2528. Nios V program is running on on-chip
memory. For Nios V processors users, Intel provides the HAL system library header file
that defines the SPI core registers. The SPI core does not match the generic device
model categories supported by the HAL, so it cannot be accessed via the HAL API or
the ANSI C standard library. Intel provides a routine to access the SPI hardware that is
specific to the SPI core.
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FPGA

Qsys

?
11t

NIOS V
50 MHz

“ On-Chip
Memory

JTAG

Timer

System Interconection Fabric

“ ADC A/D
Controller Converter

PLL

2x5
Header

<

Figure 2-22 Block diagram of ADC reading

Figure 2-23 depicts the pin arrangement of the 2x5 header. This header is the input
source of ADC convertor in this demonstration. Users can connect a trimmer to the
specified ADC channel (ADC_INO ~ADC_IN7) that provides voltage to the ADC convert.
The FPGA will read the associated register in the convertor via serial interface and
translates it to voltage value to be displayed on the Nios Terminal.

ns

VCes ADC_INO
ADC_IN1 ADC_IN2

KNo o O—

ADC_IN3 ADC_IN4
oo O—

ADCIN5
ADC_IN7

ADC_IN6
70 O8 [t

2x5 Box Header
Figure 2-23 Pin distribution of the 2x5 Header for the ADC

Figure 2-24 shows the block diagram of ADC chip TLA2518. The TLA2518 is an easy-
to-use, 1000ksps, 8-channel, multiplexed, 12-bit, 1-MSPS, successive approximation
register analog-to-digital converter (SAR ADC). The TLA2518 communicates via an SPI
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compatible interface and supports averaging multiple data samples with a single start

of conversion.

AINO / GPIOO
AIN1/GPIO1
AIN2 / GPIO2
AIN3 / GPIO3
AIN4 / GPIO4
AIN5 / GPIO5
AIN6 / GPIO6
AIN7 / GPIO7

AVDD

DECAP

MUX

AD<ADC >

Programmable

A ing Fil
veraging Filters SP! Interface
le—— Sequencer
le——| PinCFG
le— GPO Write
—» GPIRead
TLA2518

Figure 2-24 TLA2518 Block Diagram

B System Requirements

® DE25-Standard board x1

® Trimmer Potentiometer x1
® Wire Strip x3

B Demonstration File Locations

Bitstream used: golden_top.sof

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

Hardware project directory: ADC_NiosV

Software project directory: ADC_NiosV\software
Demo batch file : ADC_NiosV\demo batch\test.bat

DVDD
cs
SCLK

Sbo
SDI

GND

IDE for Intel® FPGAs 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).
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B Demonstration Setup
Please follow below procedures to set up the demonstrations.

1. Connect the trimmer to one of eight for ADC channel on the 2x5 header, as shown
in Figure 2-25, as well as the +5V and GND signals. The setup shown below is
connected to ADC channel 0. Note, the input voltage do no exceeds 3.3V.

2. Set SWJ[2:0] to position down/down/down to specify channel 0.

Connect a USB cable to the Type-C USB connector (J16) on the DE25-Standard
board and the host PC.

4. Execute the demo batch file test.bat to load the bitstream and software execution
file to the FPGA.

5. The Nios Terminal will display the voltage of the channel 0, as shown in Figure
2-26.

6. Provide any input voltage to other ADC channels and set SW[2:0] to the

corresponding channel if user want to measure other channels.

Figure 2-25 Hardware setup for the ADC reading demonstration
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Loading section .text, size ©x1499U lma OxuU@31l
Loading section .rodata, size 8xa®® lma Bx5Ucb®
Loading section .rwdata, size @x18e@ Llma Ox56f90
Start address 0x@00URaf8, load size 9UESE
Transfer rate: 394 KB/sec, 15681 bytes/write.
[Inferior 1 (Remote target) detached]

ADC Demo

ch=2.98V (Be77h)

che=2.99v (8e7%h)

che=2.98V (0e78h)

ch=2.98V (Be77h)

che=2.98v (8e77h)

che=2.98V (0e77h)

ch=2.98V (Be78h)

che=2.98v (@e77h)

che=2.98V (0e77h)

ch®=2.99V (Be7%h)

che=2.99v (@e7bh)

che=2.99vV (Be7bh)

ch®=2.98V (Be77h)

che=2.99v (@e7bh)

che=2.98V (0e78h)

ch®=2.99V (BeT7ah)

Figure 2-26 ADC Channel 0 reading

2.9 TV Box Demonstration

This demonstration turns DE25-Standard board into a TV box by playing video and
audio from a DVD player using the HDMI output and the TV decoder on the DE25-
Standard board. Figure 2-27 shows the block diagram of the design.

When the demonstration bitstream is loaded into FPGA. The 12C_AV_Config and
[2C_HDMI_Config block will configure the TV decoder and HDMI transmitter chip via
12C bus.

The register values of the TV decoder are used to configure the TV decoder via the
[2C_AV_Config block, which uses the I12C protocol to communicate with the TV decoder.
The TV decoder will be unstable for a time period upon power up, and the Lock Detector
block is responsible for detecting this instability. The ITU-R 656 Decoder block extracts
YcrCb 4:2:2 (YUV 4:2:2) video signals from the ITU-R 656 data stream sent from the
TV decoder. It also generates a data valid control signal, which indicates the valid period

of data output. the video signal for the TV decoder is interlaced; de-interlacing needs to
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be performed on the data source. The SDRAM Frame Buffer and a field selection
multiplexer (MUX), which is controlled by the VGA Controller, are used to perform the
de-interlacing operation. The VGA Controller also generates data request and odd/even
selection signals to the SDRAM Frame Buffer and filed selection multiplexer (MUX).
The YUV422 to YUV444 block converts the selected YcrCb 4:2:2 (YUV 4:2:2) video
data to the YcrCb 4:4:4 (YUV 4:4:4) video data format.

Finally, the YcrCb_to_RGB block converts the YcrCb data into RGB data output. The
VGA Controller block generates standard HDMI synchronous signals to HDMI
transmitter chip.

The figure also shows the TV decoder (ADV7180) and the HDMI transmitter (ADV7513)

chip used.

oD G
YUV 4:2:2 SDRAM F P A
ITU-R 656
TD_DATA D Frame Control
oder | Data Valid Buffer Even
—_— —
P o TRequest
g g HDMI_TX_D
B kol
e e
DLYO N o [N} HDMI_TX_CLK
Initiation DLYT HDMI_TX_HS
Delay === > VGA _
Timer —_DLY2_ MUX VGA_Y Controller  HDMI_TX_VS
L HDMI_TX_DE L]
TD_HS g
Decoder — ——————» e To control < Transmitter
The initial =
TD_VS Detector 9] 8-BIT
ADV7180 ———— P sequence ] RGB ADV7513
YUV 4:2:2 YCbCr
To YUV 4:2:2 To
YUV 4:4:4 1 RGB
AV_12C_SCLK HDMI_I2C_SCLK
'gc-g“' ¢ i 12C_HDMI
onfig Config
AV_READY MUX

_ FPGA_I2C_SDAT I /f I FPGA_I2C_SDAT _

o FPGA_12C_SCLK FPGA_I2C_SCLK

v

Figure 2-27 Block diagram of TV box demonstration

B Demonstration Source Code

® Project directory: TV
® Bitstream used: golden_top.sof
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B Demonstration File Locations

Demo batch directory: \TV\demo_batch
The folder includes the following files:
® Baich file: test.bat
® FPGA configuration file : golden_top.sof

B Demonstration Setup
Please follow below procedures to set up the demonstrations.

1. Connect a DVD player’s composite video output (yellow plug) to the Video-in RCA
jack (J8) on the DE25-Standard board, as shown in Figure 2-28. The DVD player
has to be configured to provide:

NTSC output
60Hz refresh rate
4:3 aspect ratio

Non-progressive video

Connect the HDMI output of the DE25-Standard board to a HDMI interface monitor.
Connect a USB cable to the Type-C USB connector (J16) on the DE25-Standard
board and the host PC.

4. Load the bitstream into the FPGA by executing the batch file ‘test.bat’ from the
directory \TV\demo_batch\. Press KEYO0 on the DE25-Standard board to reset the
demonstration.

5. Figure 2-28 Setup for the TV box demonstration
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DVD Player

ITU-R 656

Yuv422  DE-Interlace
Decoder

Figure 2-28 Setup for the TV box demonstration

2.10 VVP_MIPI CSI2 IMX519 for DE25-
Standard

This demonstration shows how to implement a MIPI CSI-2 Camera Module Demo on
DE25-Standard Boards. The Altera VVP (Video and Vision Processing) suite is used to
decoder Bayer pattern and display video on the HDMI monitor. The Nios V processor is
used to configure two 12C devices on the Camera Module. These two devices are Image
Sensor and VCM(Voice Coil Motor).

B Function Block Diagram

Figure 2-29 shows the Function block diagram of the VVP_MIPI_CSI2_IMX519
demonstration. The CSI2_DPHY_SYS (implement in csi2_dphy_sys.qsys) system is
used to get raw data from the MIPI CSI-2 camera module. The system includes Altera
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MIPI DPHY IP and CSI-2 IP. The CSI-2 output video format is AXl4 Video stream by 4
pixels in parallel. The video content is 10-bit raw data in Bayer pattern with resolution
1920x1080.

The SYSTEM (implement in system.gsys) contain NIOS V system and VVP_SYSTEM
Subsystem. The VVP_SYSTEM (implemented in vpp_sysem.qsys) sub-system is
developed based on Altera’s Video and Image Processing (VIP) suite. The Demosaic
IP is used to decoder Bayer Pattern to RGB video. Note, the Demosaic IP only supports
Lite mode, so the other IP also be configure as lite mode to consistent with the
Demosaic IP. The Pattern Generator IP is used for debug purpose for make sure HDMI
Display work well when MIPI camera malfunction. The Switch IP is used to select input
video source from camera or pattern generator (color bar). The Bits Per Color Sample
IP is used to convert 10 bit color samples (30-bits RGB) to 8 bit color samples (24-bits
RGB). The Pixel in Parallel IP is used to convert 4 pixel in parallel to 1 pixel in parallel.
The Frame Buffer IP is used to work as frame buffer between Camera input and HDMI
output. The IP is configured as a 1920x1080 frame buffer and DDR4 is used as physical
memory buffer. The cvo and fr2cv IP are used to convert the video stream for HDMI

display.
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Figure 2-29 Block diagram of VVP_MIPI_CSI2_IMX519 demonstration

HDMI
Monitor

The NIOS V Processor is running on on-chip memory. In this demo, Nios V processor

has two major tasks. First task is to configure the Image Sensor IMX519 and VIM (Voice
Coil Motor) AK7375 in the MIPI CSI-2 Camera Module via 12C controller. The second
task is used to configure the VVP IP via Avalon memory mapped interface. The Nios V

Project is located in the software folder. The NIOS Program will show demo

configuration menu for user to change register setting as shown Figure 2-30 and Table

2-7 shows the function detail about the menu.
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Camera Demo Config Menu
[@]Camera: RelInit
[1]Camera: Exposure
[2]Camera: Color Balance
[3]Camera: Analog Gain
[4]Camera: Global Digital Gain
[5]Camera: Test Pattern

[6]Camera: Solid Test Pattern Color

[7]1Camera: Dump Setting

[8]Focus: Set Position

[9]Focus: Scan

[1eJvwP: Switch (@:color bar, 1: Camera, 2: SDI Pattern)
99: Quit

Please input your selection:|

Figure 2-30 Camera Demo Configuration Menu

Table 2-7 The functional keys of the digital camera demonstration

[0]Camera: Relnit Reconfigure image sensor register

HIE Setup image sensor exposure time. Note, it will
xposure
P effect frame rate.

Setup image sensor digital gain for red and blue
[2]Camera: Color Balance
channel.

[3]Camera: Analog Gain Setup image sensor analog gain.

[4]Camera: Global Digital

) Setup image sensor global digital gain
Gain
Enable/Disable Camera to output build-in test

[5]Camera: Test pattern
pattern.

[6]Camera: Solid Test Pattern _
Setup color for Solid Test pattern.

Color
[7]Camera: Dump Setting Dump sensor major register setting.
[8]Focus: Set Position Set VCM position for image focus.
To adjust the VCM position, increase the value by
[9]Focus: Scan 64 each time, starting from 0 and going up to
4095. This allows the user to scan for the optimal
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focus position.

B The default camera settings
In this demonstration, the default camera settings are:
® Resolution: 1080P (1920x1080)
® Frame Rate: 60 fps
® Pixel Data: RAW10
® Mode: 2X2 Bayer Pattern
Users can change the settings base on their requirements.

B Design Tools
® Quartus Pro V25.1.1
® Ashling RiscFree IDE for Intel FPGA V25.1.1

B Demonstration Source Code
® Project directory: Demonstrations\FPGA\VVP_MIPI_CSI2_IMX519
® Nios V project workspace: VVP_MIPI_CSI2_IMX519\software
® Demo batch file folder: VVP_MIPI_CSI2_IMX519\demo_batch

Note: The resource package only includes the demo_batch folder; the Quartus
project is not provided. If you need it, please contact our support team.

B Demonstration Setup for DE25-Stanard

1. Connect a USB Type-C cable between the host PC and the USB connector (J16)
on the DE25-Standard board (See Figure 2-31).
Connect MIPI CSI-2 Camera Module to MIPI Connector (J13) on FPGA board.
Connect the HDMI output port (J2) on the FPGA board to a HDMI monitor.
Power on the FPGA board.
Execute the demo batch file “test.bat” under the batch file folder
VVP_MIPI_CSI2_IMX519\demo_batch.
The HDMI Monitor will start showing the video captured from the camera.

a s D

7. Nios V terminal will show the demo configuration menu as shown in Figure 2-30.
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8. Table 2-7 summarizes the functional keys.

Figure 2-31 VVP_MIPI_CSI2_IMX519 demonstration setup for DE25-Standard

2.11 MIPL_CSI2_CAMERA RTL

This section provides instructions on how to store Camera capturing image
(480P@60Hz) in a larger on-chip memory(Frame-Buffer), this Memory is expecting to
store up to one Frame image, and how to extract Frame-Buffer address data to convert
RAW data to RGB data, and output the RGB data to LCD with 480P@60 Hz timing.

Figure 4-1 illustrates the functional block diagram of the MIPI-Camera demonstration.
This design block incorporates a dual-port RAM control module capable of managing
on-chip memory and performing image data read/write operations. The camera module
inputs data to the FPGA at a rate of 2 data bits per clock cycle. Subsequently, the Intel
D-PHY and CSI-2 modules decode the incoming video signal into the AXI Stream format,
which is then converted into the required raw data format. These raw data are initially
stored in the on-chip RAM. Upon completion of a frame write operation, the ON-
CHIP_FRAM module retrieves the data from the dual-port RAM and processes it
through a RAW-to-RGB conversion, transforming the raw data into RGB data. The RGB
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data is then outputted in conjunction with the signal timing generated by the
HDMI_Controller to the LCD. Within this block, other modules, such as Auto_Focus,
MIPI 12C Config, HDMI 12C Config, and Sound gen, execute their respective functional
instructions and respond to BUTTON operations. A detailed description of all module
functions is provided below.

B Function Block Diagram

2
FPGA
CAM_data/clk . HDMI_I2C
D-PHY/CSI-2 HDMI I2C Config ¢
Sound gen 125 N
(with 1KHZ sine-tone)
HDMI TX .
HDMI_vs/hs/de/clk R ) Henter
on-chip HDMI_controller

MIPI LAREE e > Frame Buffer (with pattem gen)

Camera module
(IMX519_AK7375) |

RAWto RGB ——p Auto_Focus

! v

MIPI 12C Config

. t t

BUTTONO BUTTONT BUTTON2 BUTTON3

HDMI_data

XNW
|

>
>

CAM_RC
<

<

v

Figure 2-32 Block diagram of this demonstration.

® D-PHY/CSI-2 (csi2_dphy_sys.qsys): This module integrates Intel's D-PHY and
CSI-2 IPs into a QSYS system, enabling the conversion of 2-data, 1-clock MIPI
streams into AXI streams.

® AXI_Stream_Analyze (AXI_Stream_Analyze.v): This module further analyzes
the AXI stream, extracting raw data, counting pixels within each frame, and
identifying frame start markers.

® On-chip Frame Buffer (FRAME_RAM.ip): This module is a dual-port RAM
controller that manages a 640x480x10-bit on-chip RAM for image data read and
write operations.
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® RAW to RGB (RAW2RGB_J.v): This module converts RAW data to RGB data. It
also outputs real-time RED and BLUE gain values for each frame, which are
intended as white balance adjustment parameters for the MIPI 12C Config block.

® HDMI_controller (vpg.v): This module serves as the LCD signal timing generator,
capable of producing 480P@60Hz signal timing. It also provides a color bar video
pattern output.

® Auto_Focus (FOCUS_ADJ.v): This module performs high-frequency component
statistics on the current image. As the VCM drives the camera lens' movement,
real-time statistics of the image's high-frequency sum are calculated at each step.
The lens is positioned to maximize the high-frequency component, thereby
completing the autofocus operation.

® Sound gen (AUDIO_IF.v): This module generates a 1 KHz sine wave and
transmits it to the HDMI IC (AD7513) via the 12S interface.

® MIPI 12C Config (IMX519_AK7375.v/IIMX519_AK7375_ctl.v): IMX519_AK7375.v
includes 12C settings for the IMX519 camera (slave address=0x34), such as
configuring the output to 480P@60Hz, and 12C settings for the AK7375 VCM (slave
address=0x18), such as setting the VCM step. Buttons 0 to 2 are mapped to the
White Balance, Auto Focus, and Reset to Initial functions, respectively.
IMX519_AK7375 ctl.v  transmits the  corresponding parameters to
IMX519_AK7375.v.

® HDMI I12C Config (12C_HDMI_Config.v): This module configures the AD7513
(HDMI TX) I2C settings controller, setting registers individually through its own 12C
bus. (12C Slave Address = 0x72)

We provide the demonstrations on DE25-Standard board. The following are the
descriptions of the platforms’ set up, as well as the test steps.
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B Hardware Setting Up
1. As shown in figure below, connect the DE25-Standard board to the camera
module and HDMI monitor for image capturing and display.

Figure 2-33 Hardware setup for DE25-Standardboard.

2. Connect power cable and USB type-C cable to the DE25-Standardboard.

B Design Tools
® Quartus Il v25.1.1 pro

B Demonstration Source Code
® Quartus project directory: Demonstration\FPGA\RTL_MIPI_CSI2_IMX519

® Bitstream used: golden_top.sof

B Demonstration Batch File
® Demo batch file folder:
Demonstration\FPGA\ RTL_MIPI_CSI2_IMX519\demo_batch
Note: The resource package only includes the demo_batch folder; the Quartus
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project is not provided. If you need it, please contact our support team.

B Demonstration Setup
Power on the FPGA board.

2. Execute the demo batch file “test.bat” from the directory\
RTL_MIPI_CSI2_IMX519\demo_batch.

3. LEDR2~4 light up, stand for the settings of HDMI-TX IC and Camera-module 12C
are completed.

4. LEDRO blink, stand for HDMI_TX_CLK are generated correcitly.

5. Camera-module capturing image displays on HDMI monitor.

6. This demonstration also simply demonstrates the HDMI-Audio function, it will
produce a 1K sine wave voice.

7. Table 2-8 summarizes the functional keys(buttons) and details of each LED status.

Table 2-8 The functional keys of the digital camera demonstration

ame | Doscrptin

LEDRO Blink (HDMI TX PIXE CLOCK /74.25M)

LEDR2 ' Lights up when HDMI IC(ADV7513) I12C setting is successful
LEDR3 Lights up when Auto-Focus finish

LEDR4 Lights up when ArduCam IMX519 12C setting is successful
KEYO0  White Balance

KEY1 | Auto Focus

KEY2 | Reset to Initial

SW3 “1” (upward) displaying color bar on LCD screen
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Chapter 3
Examples for HPS SoC

his chapter provides several C-code examples based on the Intel SoC Linux

These examples demonstrate major features connected to HPS interface on

Agilex board such as users LED/KEY and Network Communication. All the
associated files can be found in the directory CD/Demonstrations/SOC of the DE25-
Standard System CD.

To install the demonstrations on the Host computer: Copy the directory Demonstrations
into a local directory of your choice. ARM Toolchain is required for users to compile the
c-code project.

3.1 HPS LED/KEY

This demonstration shows how to use the system call with built-in LED and GPIO driver
to control the LED and KEY which are connected to HPS GPIO ports. The built-in GPIO
driver is included the DE25-Standard Linux BSP.

® How to control LED
Here is an example procedure to control the HPS LED:

Open LED device: Open device file “/sys/class/leds/hps_led0/brightness”.

2. Turn on/off LED: Write data to the device file for LED control. Write “1” to turn on
LED, write “0” to turn off LED.

3. Close LED device: Close the device file.

B How to Read Button Status

User space GPIO driver is used to read button status. Since linux 4.8 the GPIO sysfs
interface is deprecated. User space should use the character device instead. This
library encapsulates the ioctl calls and data structures behind a straightforward API.
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Here is an example procedure to read the HPS Button Status:

. Open button character device: Open character device file “/dev/gpiochipQ”.
2. Configure line 1 (HPS_KEY is connected to GPIO1_lO1 in schematic) of
/dev/gpiochip0 as Input GPIO
3. Read line 1 status from the button character device.
4. Close button character device: Close the character device file.

B Function Block Diagram

Figure 3-1 shows the function block diagram of the HPS LED/KEY demonstration. LED
and KEY are connected to GPIO1 Controller. The built-in GPIO driver offers access
interfaces for user application program. System call open, write and close are used to
control LED, and open, ioctl and closed are used to control the button.

FPCA SOC ARM Program

HPS Linux User Mode

User APP

HPS LED C4—
GPIOT

Controller - Linux kernel Mode

GPIO Driver {3 System Call

Figure 3-1 Function block diagram of HPS LED/KEY demonstration

B Function Implement
The c project include main.c, gpio_lib.c and led_lib.c files. The main.c implements the
demo main flow. The gpio_lib.c implement the KEY control functions. The led_lib.c

implements LED control functions.

The led _lib implement three LED functions. With the file descriptor return by
led_fd_open function, user can use led fd write to trun on/off the LED. Call
“led_fd_write(fd_led, “1”, 2) “ will turn on the LED, and Call “led_fd_write(fd_led, “0”, 2)
“ will turn off the LED. Library APl is described as following:

® intled_fd_open (unsigned int led):
The led_fd_open function is used to open the LED device file with the specified
LED number as parameter. The function return a file descriptor for the LED device.
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® intled_fd_write (int fd, const void *buf, size_t count):
The led_fd_write function is used to write data to the LED device file. It is used to
turn on/off the LED.

® intled_fd_close(int fd):
The led_fd_close function is used to close a file descriptor.

The gpio_lib implement three button functions described as following:

® GPIO_HANDLE* gpio_open_line(char *dev_name, int line, int direction):
The gpio_open_line will open the character device file specified by *dev_name,
and query the line information. All relative information are stored in a data structure
GPIO_HANDLE which is dynamic created by malloc . The function returns a pointer
points to a data structure GPIO_HANDLE.

® bool gpio_get_line_value(GPIO_HANDLE *pHandle, unsigned int
*pValue):

The gpio_get_line_value reads HPS KEY status. The status is return via pValue. If

HPS button is pressed, *pValue return 0, otherwise 1 is return.

® void gpio_close_line(GPIO_HANDLE *pHandle):
The gpio_close_line will release resource and close the open character device file.

B Flow Control Implement

The flow control is implemented in main.c. The LED is blinking, and keep lighten when
HPS KEY is pressed. The GPIO functions implemented in gpio_lib.c are used to monitor
HPS KEY status. The LED functions implemented in led_lib.c is used to turn on/off the
HPS LED.

Figure 3-2 shows the procedure in main.c file, you can find it's very clear.
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line_kew = gpio_open_linel "/dev/zpiochipl", 1/*line 1 for EEYH/, 0 /*input®/3;)
4+
fd_led = led_fd_openfio_led);)

loop = 20;
while {loop == 0% {4
Hlepio_get_waluel io_kew, fvaluei;y)
epio_get_line_wvaluefline_kew, &kev walue); // kev_walue iz low actiwvey
if (lkey_walue || bLedLight))
led_fd_write(fd_led, "1", 2); 7/ light led,
else)
led_fd_write(fd_led, "0, 2y; // unlight led,
printf{ "kev: %xin", kev_walue);y
bLedLight = bLedLight?false:true;)
usleep( 500%1000%; #F 0.5 second)
loop--;4
b
4
led_fd_close( fd_led);)
gpio_close_linedline_kew); |

Figure 3-2 LED/KEY implemented in ¢ code

B Demonstration Source Code
e  Build tool: ARM GNU/Linux Toolchain
e Project directory: \Demonstration\SoC\hps_led_key
e Binary file: hps_led_key
e Build command: make (‘'make clean' to remove all temporal files)
e Execute command: sudo ./hps_led_key
B Demonstration Setup
1. Connect a USB cable to the Micro USB connector (J10) on the FPGA Board and
the Host PC.
2. Copy the executable file "hps_led_key" into the microSD card under the
"Ihome/root" folder in Linux.
3. Insert the DE25-Standard Board Linux BSP micro SD card into the DE25-Standard
Board.
Power on the DE25-Standard Board.
5. Launch Putty to establish the connection between the UART port of DE25-Standard
Board and the Host PC.
6. In the Putty UART terminal, type “root” to login Linux.
7. Copy the executable file "hps_led_key" into the "/home/root" folder in Linux.
8. Type “./hps_led_key” in the UART terminal to start the program.
9. You will see the key status is shown in Putty UART terminal as shown in Figure 3-3.
10. Press HPS KEY will make key value become 0 and HPS LED keep lighten.
11. The program will be automatically terminated in 20 seconds, or press CTRL+C to
terminate the program immediately.
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Figure 3-3 LED/KEY test

3.2 SPI Interfaced Graphic LCD

This demonstration shows how to control the Graphic LCD by using the Linux SPI driver
and GPIO drivers. The GPIO driver is used to control the LCD reset, backlight and mode.
The SPI driver is used to delivery command and display data.

B Function Block Diagram

Figure 3-4 shows the function block diagram of this demonstration. The LCD interfaces
includes SPI and GPIO. The bot interfaces are connected to the SPIM0, GPIO1
controller in HPS on this board. The SPI interface is used to transfer Data or Command
from HPS to LCD. Because the LCD is write-only, only three SPI signals
LCM_SPIM_CLK, LCM_SPIM_SS, and LCM_SPIM_MOSI are required. The
LCM_D_C signal is used to indicate the signal transferred on the SPI bus is Data or
Command. When LCM_D_C signal is pulled high, it means the signal on SPI bus is
Data. When LCM_D_C signal is pulled low, it means the signal on SPI bus is Command.
The LCD_RST_n is the reset control signal of LCD. This signal is low active. The
LCM_BK signal is used to turn on/off the black light of the LCD. When this signal is
pulled high, LCD backlight is turned on.

FPGA SoC ARM Program
HPS Linux User Mode
JJLCSPRM_CLK . UserAPP
LCM_SPIM_SS
< - = SPIM Controller
_ LCM_SPIM_MOSI Linux Kernel Mode
Graphic fu
[Wepll LCM D C

" LCM RST n SPI GPIO
LCM_BK

Figure 3-4 Block Diagram of the Graphic LCD Demonstration
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B LCD Control
Developer needs to initialize the LCD before sending any display data. The initialization
includes:

e  Common output mode select (Code: 0xCO~0xCF)
e Power sontrol set (Code: 0x28~0x2F)

e Display start line set (Code: 0x40~0x7F)

e Page address set (Code: 0xB0~0xB8)

e Column address set (Code: 0x00 to 0x18)

o Display ON/OFF (Code: OXAE~0xAF)

For details of command sets, please refer to the ST7567 datasheet in the System CD.
After the LCD is initialized, developer can start transferring display data. Due to the
display area is divided into 8 page, developer must first specify target page and column
address before starting to transfer display data. Figure 3-5 shows the relationship
between image data bits and LCD display pixels when page = 0, column = 0, and start
line = 0.

Image Data LCD Pixel

Col 0 Col 1 Col 2
I W S WS . 7 e P

BYE 1
BYE2 ||

BYE 127 |E

Figure 3-5 Relation between LCD display pixel and image data bits

B SPIM Controller

In this demonstration, the HPS SPIMO controller is driven by the SPI driver
"/dev/spidev1.0". Please refer to the function "LCDHW_Init" in LCD_Hw.c for details.
The spidev driver is already built in Terasic Linux BSP.
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B C-code Explanation
This demonstration includes the following major files:

e Gpio_lib.c: GPIO API for LCD IO control via GPIO Driver.

e LCD_ HW.c: API to access LCD hardware via SPI and GPIO Drivers.
e LCD Diriver.c: LCD configuration API

e LCD_Lib.c: Top-level LCD control API

e lcd_graphic.c: Graphic and font APIs for LCD

e font.c: Font bitmap resource used by lcd_graphic.c

e main.c: Main program for this demonstration

The main program main.c calls "LCDHW _Init" to initialize the SPIMO and GPIO
controllers, which are used to control the LCD. It then calls "LCDHW_BackLight" to turn
on the backlight of LCD. "LCD_Init" is called to initialize LCD configuration. Finally, the
APIls in lcd_graphic.c are called to draw graphic on the LCD.

APIs in lcd_graphic.c don’t drive LCD to draw graphic pixels directly. All graphic pixels
are stored in a temporary image buffer called "Canvas". When APl "DRAW_Refresh" is
called, all drawing data in the Canvas is transferred to LCD. In this demonstration, main
program calls "DRAW_Clear" to clear LCD Canvas first. "DRAW_Rect" and
"DRAW_Circle" are called to draw geometry in Canvas. "DRAW_PrintString" is called
to draw font in Canvas. Finally, "DRAW_Refresh" is called to move Canvas data onto
LCD.

B Demonstration Source Code
e  Build tool: ARM GNU/Linux Toolchain
e Project directory: \Demonstration\SoC\hps_lcd
e Binary file: hps_lcd
e Build command: make (‘'make clean' to remove all temporal files)
e Execute command: sudo ./ hps_lcd

B Demonstration Setup

1. Connect the USB cable to the Type-C connector (J16) on the FPGA board and host
PC.

2. Make sure the executable file "hps_lcd" is copied into the SD card under the
/home/root folder in Linux.

3. Insert the booting micro SD card into the FPGA board.
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4. Power on the FPGA board.

5. Launch PuUTTY to connect to the UART port of the FPGA board and type "root" to
login Linux.

6. In the UART terminal of PuTTY, type "./hps_lcd" to start the LCD demo, as shown
in Figure 3-6.

root@agilexS:~# ./hps lecd
Graphic LCD Demo

root@agilexs:~# |

Figure 3-6 Launch LCD Demonstration

7. Users should see the LCD displayed as shown in Figure 3-7.

Figure 3-7 LCD display for the LCD Demonstration

3.3 12C Interfaced G-sensor

This demonstration shows how to control the G-sensor by accessing its registers
through the built-in 12C kernel driver in embedded Linux.

B Function Block Diagram

Figure 3-8 shows the function block diagram of this demonstration. The G-sensor on
the FPGA SoC board is connected to the 12C controller in HPS. The G-Sensor 12C 7-bit
device address is 0x53. The system 12C bus driver is used to access the register files
in the G-sensor. The G-sensor interrupt signal is connected to the PIO controller. This

demonstration uses polling method to read the register data.
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~

FPGA SOC DDR4: ARM Program

-

HPS Linux User Mode

12C CLK

l

G-Sensor 12C_SDA
12C address: 0x53

12C Controller ARM User APP

Linux Kernel Mode
Interrupt

PIO Controller DDR4 Controller 4
12C Driver

A 4

Figure 3-8 Block diagram of the G-sensor demonstration

B 12C Driver
The procedures to read a register value from G-sensor register files by the existing 12C
bus driver in the system are:

. Open I12C bus driver "/dev/i2c-0": file = open("/dev/i2c-0", O_RDWR);
2. Specify G-sensor's 12C address 0x53: ioctl(file, 12C_SLAVE, 0x53);
Specify desired register index in g-sensor: write(file, &Addr8, sizeof(unsigned
char));
4. Read one-byte register value: read(file, &Data8, sizeof(unsigned char));

The G-sensor I2C bus is connected to the 12C0 controller, as shown in the Figure 3-9.
The driver name given is '/dev/i2c-0'".

K127 HPS_12C_SCL
12C1_SCL

M127 HPS_12C_SDA

12C1_SDA

Figure 3-9 Connection of HPS I2C signals

The step 4 above can be changed to the following to write a value into a register.
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write(file, &Data8, sizeof(unsigned char)):

The step 4 above can also be changed to the following to read multiple byte values.

read(file, &szData8, sizeof(szData8)); // where szData is an array of bytes

The step 4 above can be changed to the following to write multiple byte values.

write(file, &szData8, sizeof(szData8)); // where szData is an array of bytes

B G-sensor Control
The ADI ADXL345 provides 12C and SPI interfaces. 12C interface is selected by setting
the CS pin to high on the DE25-Standard board.

The ADI ADXL345 G-sensor provides user-selectable resolution up to 13-bit £ 16g. The
resolution can be configured through the DATA_FORAMT(0x31) register. The data
format in this demonstration is configured as:

e  Full resolution mode
e 1 16g range mode

o Left-justified mode

The X/Y/Z data value can be derived from the DATAXO0(0x32), DATAX1(0x33),
DATAY0(0x34), DATAY1(0x35), DATAZ0(0x36), and DATAX1(0x37) registers. The
DATAXO represents the least significant byte and the DATAX1 represents the most
significant byte. It is recommended to perform multiple-byte read of all registers to
prevent change in data between sequential registers read. The following statement
reads 6 bytes of X, Y, or Z value.

read(file, szData8, sizeof(szData8)); // where szData is an array of six-bytes

B Demonstration Source Code
® Build tool: ARM GNU/Linux Toolchain
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Project directory: \Demonstration\SoC\hps_gsensor
Binary file: gsensor

Build command: make (‘make clean' to remove all temporal files)

Execute command: ./gsensor [loop count]

Demonstration Setup

Please follow below procedures to set up the demonstrations.

6. Connect a USB cable to the Type-C USB connector (J16) on the DE25-Standard
board and the host PC.
7. Copy the executable file "gsensor" into the microSD card under the "/home/root"
folder in Linux.
Insert the booting microSD card into the DE25-Standard board.
Power on the DE25-Standard board.
10. Launch PuTTY to establish connection to the UART port of DE25-Standard board.
Type "root" to login Linux.
11. Execute "./gsensor" in the UART terminal of PUuTTY to start the G-sensor polling.
12. The demo program will show the X, Y, and Z values in the PuTTY, as shown in
Figure 3-10.
I|'.l£'
mJg
T
£ I|'.|£‘
Figure 3-10 Terminal output of the G-sensor demonstration
13. Press "CTRL + C" to terminate the program.
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3.4 Build C/C++ Project

This section describes how to recompile the above C/C++ project included in the
System CD.

First, user need to download and install ARM GNU/Linux tool chain:

5. Login Linux or WSL on Windows.
Type “cd ~”
Type
“‘wget https://developer.arm.com/-/media/Files/downloads/gnu/11.2-

2022.02/binrel/gcc-arm-11.2-2022.02-x86_64-aarch64-none-linux-gnu.tar.xz”
. Type “tar xf gcc-arm-11.2-2022.02-x86_64-aarch64-none-linux-gnu.tar.xz”
9. Type “export PATH="pwd'/gcc-arm-11.2-2022.02-x86_64-aarch64-none-
linux-gnu/bin:$PATH”
10. Type “export CROSS_COMPILE=aarch64-none-linux-gnu-”
11. Type “git clone https://github.com/altera-opensource/intel-socfpga-hwlib” to

download HPS hardware library.

Here is the procedure to compile the example projects in System CD:
1. Login Linux or WSL on Windows.
2. Type “cd ~”
3. Type ‘“export PATH="pwd'/gcc-arm-11.2-2022.02-x86_64-aarch64-none-
linux-gnu/bin:$PATH”
Type “export CROSS_COMPILE=aarch64-none-linux-gnu-"
Copy the CD Demo project into the Linux System and go to the project folder.

Type “make” to build project as shown in Figure 3-11.

ed_lib.h led_lib.o main.c main.o

Figure 3-11 Build C/C++ Project
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Chapter 4

Program the
Configuration File into

QSPI Flash

here is a flash on the board for placing the bitstream files designed by the
user. After the FPGA is powered up, the bit-stream file can be loaded into the
FPGA from the flash.

This chapter will introduce how to program the factory default code into the flash on
the board. It will also introduce how to convert the your own .sof file into a .jic file and
program it into the flash.

B MSEL switch setting

Before program the flash on the board, please make sure the MSEL pin of the FPGA
is set to AS mode. So that user can program the flash via FPGA and JTAG interface.
Please refer to the Figure 4-1 to set the SW10 to AS mode: MSEL[2:0] = “001”.
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Figure 4-1 Position of slide switches SW10 for Configuration Mode

B Program the Factory image file

The flash on the Board had programmed the factory file when shipped.
After power on, user can check if the user LEDR][9] is flashing, and after 10 seconds
of booting. If not, please refer to following steps to re-program the flash with the

factory code.

® Connect the USB cable to USB blaster Il connector of the Board.
® Make sure MSEL switch is set to AS mode.
® Copy the factory code to host from the path:
System CD\Demonstration’\SoC_FPGA\GHRD\output_files\program _qspi_flash\
® Execute “flash_program.bat” as shown in Figure 4-2 to erase and

program the flash.
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BN CH\WINDOWS \system32emd.exe — O X

Figure 4-2 Program the factory code to the board

B Programming User’s own design into Flash
If users wants to program their own bitstream file into the flash of the board, Terasic

had provided some batch files that help the user to convert the .sof file into a .jic file

and then program it into the flash.

Users can obtain these tools from the following path:
System CD/Demonstration/FPGA/LED_Blink/demo_batch

There are some files under this path, and the detailed functions are shown in Figure
4-3 and Table 4-1:

» demo_batch

Mame
s
=| convert

Perscnal | flash.cdf
=| flash_program
| golden_top.jic
| golden_top.sof
ol test

Figure 4-3 Batch files for programming flash
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Table 4-1 File descriptions of the flash programming tool

File Name Functions

This batch file can convert the golden_top.sof to

convert.bat ..
golden_top.jic

flash.cdf The flash programming configuration file

flash_program.bat | This batch file will program the .jic file into flash

golden_top.jic The file that can be programmed into flash

golden_top.sof The bitstream file of User’s design

This batch file can program the golden_top.sof into

test.bat the batch file of FPGA

The following are the steps on how to use this tool to program the user's own
bitstream file into flash.

Copy this demo_batch folder to host PC

2.  Rename the user's own .sof file to golden_top.sof and overwrite it into the
demo_batch folder to replace the original golden_top.sof.
3. Execute convert.bat to convert golden_top.sof to golden_top.jic.
4. Confirm that the MSEL switch on the board is set to AS Mode.
5. Connect the USB cable to USB blaster |l connector of the Board.
6. Execute flash_program.bat to program the golden_top.jic file into flash.
7. Turn the power off and on of the board again to check whether your design is
running on the FPGA.
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Chapter 5

Additional Information

5.1 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

DE25-Standard Development Kit Web: de25-standard.terasic.com

B Revision History

Date ‘ Version Changes
2025.06 First publication
2025.10 V1.1 1. Change Quartus version from

25.1 to 25.1.1 for rev.D board
2. Add MIPI demo for section
2.10 and 2.11
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