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Chapter 1

Introduction

This manual will introduce the various application demonstrations on HAN Pilot Platform. These
demonstrations cover most of the interfaces on HAN Pilot Platform. Let users familiarize using
these interfaces of the HAN Pilot Platform. Demonstration according to FPGA and HPS Fabrics are
divided into three categories:

B Pure use of FPGA fabric resources (Chapter 2)
B Pure use of HPS fabric resources (Chapter 3)
B Use both FPGA and HPS fabric resources (Chapter 4)

In addition, the PCle example of HAN Pilot Platform will be described separately in one chapter
(Chapter 5) because of its high content.

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

B Intel Quartus® Prime Design Software Version 18.1 or later.

B Intel SoC Embedded Design Suite (EDS)
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Chapter 2
Examples for FPGA

This chapter provides examples of advance designs implemented by RTL or Qsys on the HAN Pilot
Platform. These reference designs cover the features of peripherals connected to the FPGA, such as
DDR4, PCle, HDMI and USB Controller. All the associated files can be found in the directory
\Demonstrations\FPGA of HAN Pilot Platform system CD.

2.1 Factory Default Code

The HAN Pilot Platform has a default configuration bit-stream pre-programmed, which
demonstrates some of the basic features on board. This demo used LED,7-Segments, Switch, HDMI
transmitter display and fan control.

B Function Block Diagram

Figure 2-1 shows the function block diagram of this demonstration. This demo used fan controller
to control fan and used frame buffer read board picture from ON-CHIP-MEMORY and used scaler
scale the picture to 1920x1080 size, display the picture by HDMI TX.

FPGA

‘-

CPU_CLK

e ] )

VIP_CLK

Figure 2-1 Block Diagram of Default Demonstration
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B Design Tools
® Quartus Prime 18.1.0 Standard Edition

Demonstration Source Code:

e Project Directory: Demonstration\default_code

e Bit Stream: default_code.sof or default_code.jic

e Demonstration Batch File: default_code\demo_batch or default_code\demo_run_batch

NOTE: because the demo included software, and run on on-chip-memory, so use mem_init can
package elf to sof, so user can only program .sof or .sof and .elf to run demo.

The demo batch file includes following files:

Batch File: test.bat

® FPGA Configuration File: default_code.sof or default_code.jic

B Demonstration Setup

A

o ok w

~

Make sure Quartus Prime is installed on the host PC.

Connect HAN Pilot Platform to the host PC via USB cable. Install the USB-Blaster 11 driver if
necessary.

Connect the HDMI TX to displayer via HDMI cable.

Set MSEL[2:0] to 010, set SWO to 0, SW1 to 0.

Power on the HAN Pilot Platform.

Execute the demo batch file “test.bat” under the batch file folder \ default_code\demo_batch.
You will see the menu as shown in Figure 2-2.

Select your choice, and program FPGA or program flash.

When the demo is running, you can see the LED is blinking and flowing, and the displayer will
display the board picture as shown in Figure 2-3.

CAWINDOWS\system32\cmd.exe

to FPGA.
'L- l':l . - = Fa

’lease enter your cholse

Figure 2-2 Menu of Default Demonstration
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Figure 2-3 Board Picture of Default Demonstration

2.2 Nios 1l Control for Programmable PLL/ Temperature/

Power/ 9-axis

This demonstration shows how to use the Nios Il processor to program two programmable
oscillators (CDCM®6208 and TXC) on the FPGA board, how 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 3-axis gyroscope, 3-axis
accelerometer, and 3-axis magnetometer output with the on-board MPU-9250 Motion Tracking
device.

B System Block Diagram

Figure 2-4 shows the system block diagram of this demonstration. The system requires a 50 MHz
clock provided from the board. The five peripherals (including temperature sensor, power monitor,
CDCM®6208, TXC, and MPU-9250) are all controlled by Nios Il through the PIO controller, and all
of them are programmed through 12C protocol which is implemented in the C code. The 12C pins
from chip are connected to Qsys System Interconnect Fabric through PIO controllers. The Nios Il
program toggles the P1O controller to implement the 12C protocol. The Nios Il program is running
in the on-chip memory.
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Figure 2-4 Block Diagram of

The program provides a menu in nios-terminal
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the Nios Il Basic Demonstration

, s shown in Figure 2-5 to provide an interactive

interface. With the menu, users can perform the test for the temperature sensor, power monitor,

external programmable PLL and 9-axis outputs
the choice number.

. Note, pressing ‘ENTER’ should be followed with

Bl Altera Mios [IEDS 18.1 [geed]

Uzing cable "DE1#-Advanced [USB-11". de
Rezetting and pausing target processop:
Initializing CPU cache {if present?

0K

Downloaded 146KB in
Uerified OK
Starting processor at address HBxBEA46024
nios2-terminal: connected to hardware t
nios2-terminal: "DE1B-Advanced [USB-11"
nios2-terminal: <{Use the IDE stop butte

B.2s (738.8BKBss>

HAN Pilot Platform Demo Program
Temperature

Power_Monitor
MPU9?258
THCA: HDMI/SFP+ CLK
THCE: DP-USB-FMC CLK
CDCH6208

Input your choice: g

=] ez |

vice 1. instance BxBA
OK

4

arget using JTAG UART on cahle
» device 1. instance 8

n or Ctrl-C to terminatel

Figure 2-5 Menu of Demo Program
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In temperature test, the program will display local temperature and remote temperature. The remote
temperature is the FPGA temperature, and the local temperature is the board temperature where the
temperature sensor located.

A power monitor IC (LTC2945) embedded on the board can monitor Arrial0 real-time current and
power. This IC can work out current/power value as multiplier and divider are embedded in it.
There is a sense resistor R176 (0.006 Q) for LTC2945 in the circuit, when power on the HAN Pilot
Platform, there will be a voltage drop (named ASENSE Voltage) on R176. Based on sense resistors,
the program of power monitor can calculate the associated voltage, current and power consumption
from the LTC2945 through the 12C interface. Please note the device 12C address is 0xD4.

The MPU-9250 consists of two dies, one die houses the 3-axis gyroscope and 3-axis accelerometer,
and the other die houses the a-axis magnetometer. Similarly, the MPU-9250 provides complete
9-axis output through the 12C interface.

In the external PLL programming test, the program will program the PLL first, and subsequently
will use TERASIC QSYS custom CLOCK_COUNTER IP to count the clock count in a specified
period to check whether the output frequency is changed as configured. For CDCM6208
programming, the program can control the CDCM6208 to configure the output frequency of
SATA/PCIE/DDR4A/DDR4B/DDR4H REFCLK according to your choice. Please note the device
I12C address is 0xA8. For TXC programming, the program can control the TXC to configure the
output frequency of HDMI/SFP+/FMC/DP/USB REFCLK according to your choice. There are five
TXC’s ICs for clock generator, divided into two group, TXCA and TXCB. The HDMI and SFP+
reference clock generators share the same 12C bus, REFCLKO_SCL/REFCLKO_SDA, and are
grouped into TXCA. The FMC, DP, and USB reference clock generators also share the same 12C
bus, REFCLK1_SCL/REFCLK1_SDA, and are grouped into TXCB.

B Demonstration File Location

Hardware project directory: Basic_Demo

Bitstream used: Basic_Demo.sof

Software project directory: Basic_Demo \software

Demo batch file: Basic_Demo\demo_batch\test.bat, test.sh

Demonstration Setup and Instructions

Make sure Quartus Prime is installed on the host PC.
Set MSEL[2:0] to 010
Power on the FPGA board.

A w0 e

Use the USB Cable to connect your PC and the FPGA board and install USB Blaster 11 driver if
necessary.

o

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

6. After the Nios Il program is downloaded and executed successfully, a prompt message will be
displayed in nios2-terminal.
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7. For temperature test, please input key ‘0’ and press ‘Enter’ in the nios-terminal, as shown in
Figure 2-6.

& Altera Nios 1 EDS 18.1 [gecd] [E=NEER

HAM Pilot Platform Demo Program
Temperature
Power_Monitor
MPU2258
THCA: HDMI-SFP+ CLK
THCB: DP-USB-FMC CLK
CDCM6208
Input your choice:@
Local Temperature:38
Remote Temperature:29
Temperature Test:PASS
HAM Pilot Platform Demo Program
Temperature
Power_Monitor
MPU9258
THCA: HDMI/SFP+ CLK
THCB: DP-USB-FMC CLK
CDCM6288
Input your choice: g

Figure 2-6 Temperature Demo

8. For power monitor test, please input key ‘1’ and press ‘Enter’ in the nios-terminal, the Nios Il
console will display the values of voltage, current and power as shown in Figure 2-7.

& Altera Nios Il EDS 18.1 [gecd] [E=RER

HAM Pilot Platform Demo Program
Temperature
Power_Monitor
MPU?258
THZCA: HDMI~SFP+ CLK
THCE: DP-USB-FMC CLK
CDCH62@8

Input your choice:zdi
[Configuration ok?
==== Power Monitor Test ====
12.883 U
1.584 A
=19.889 U
Powver Monitor Test:PASS

HAM Pilot Platform Demo Program
Temperature
Power_Monitor
MPU?258
TECA:= HDMI~ASFP+ CLK
THCE: DP-USB-FMC CLK
CDCMe288

Input your choice:

Figure 2-7 Power Monitor Demo

9. For 9-axis test, please input key ‘2’ and press ‘Enter’ in the nios-terminal, the Nios Il console
will display the values of 9-axis as shown in Figure 2-8.
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@ Altera Nios I EDS 181 [geea] ==

=== HAN Pilot FPlatform Demo Program
Temperature
Power_Monitor
MPU2258
THCA: HDMI~/SFP+ CLK
THCGEB: DP-/USB-/FMC CLK
CDCM6288
Input vour choice:2
?-axis info
= -8.834, ay = B8.373, az = 18.381
= -A.828, gy = B.882, gz = A.811
mx = —23.565, my = -A.538, mz = —14.881
MPU2258 Test:PASS
= === HAN Pilot FPlatform Demo Program
Temperature
Power_Monitor
MPU2258
THCGA: HDMI~SFP+ CLK
THCEB: DP-USB-/FMC CLK
CDCHM6288
Input your choice:

Figure 2-8 MPU-9250 Demo

10. For programmable PLL TXCA test, please input key ‘3’ and press ‘Enter’ in the nios-terminal
first, then select the desired output frequency of HDMI/SFP+ REFCLK, as shown in Figure
2-9.

& Altera Nios 11 EDS 18.1 [geed] [E=NEER
e —————————————————

======= HAN Pilot Platform Demo Program == B
Temperature
Power_Monitor
MPU22L8
THCA: HDMI-SFP+ CLK
THCB: DP-USB-FMC CLK
CDCHMG6208
Input your choice:3
===== THCA Programming ==
HDMI :180.888AA8 MH= SFP:644.531258
HDMI :135.8800A8 MH= SFP:644.531258
HDMI :148 .580088 MHz SFP:644.531258
HDMI :300.8000A8 MHz SFP:644.531258
HDMI :6B0.800008 MHz SFP:644.5%31258
HDMI :150.8880A8 MH= SFP:644.531258
[Other] exit
pleaze select HDMI-SFP CLK CASE:2
TAC-HDMI REG UWrite success
THAC—SFP REG Write success
HDMI.~148 .58BMH= ref clock test PASS (clkl1=998. clk2=2965. expected clk2=2964>
SFP/644.531MHz ref clock test PASS <clk1i=798. clk2=12866, expected clk2=12864>
: HDMI~SFP+ CLK Test:PASS
HAN Pilot Platform Demo Program =======
Temperature
Pover_Monitor
MPU2250
THCA:= HDMI-SFP+ CLK
THCB: DP/USB-FMC CLK
CDCM62B8
Input your choice: g -

m

Figure 2-9 TXCA Demo

11. For programmable PLL TXCB test, please input key ‘4’ and press ‘Enter’ in the nios-terminal
first, then select the desired output frequency of DP/USB/FMC REFCLK, as shown in Figure
2-10.
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&8 Altera Nios I1 EDS 18.1 [geed] [E=
L ———————————————

= HAN Pilot Platform Demo Program -
[B]1 Temperature
[1]1 Power_Monitor
[21 MPU9?258
[31 THCA: HDMI/SFP+ CLK
[4]1 THCB: DP-USB-FMC CLK
[51 CDCM6288
Input your choice:4
THACB Programming = =
[B]1 DP:150.808B6B68 MH= USB:150.888808 FMC:150. 8006880
DP:270.0006868 MH= USB:270.888008 FMC:270.000000
DP:270.0006866 MH= USB:270.888808 FMC:297.8008080
DP:270.00068686 MH= USB:644.531258 FMC:100. A006A0
DP:270.00068686 MH= USB:644.531258 FMC:125.A0068080
DP:270.00068686 MH= USB:644.531258 FMC:150. 8006880
DP:270.00068688 MH= USB:644.531258 FMC:644.531250
[Other] exit
pleasze select DP-USB-FMC CLK CASE:4
THC-DP REG UWrite success
THC-USE REG UWrite success
TRC-FMC REG UWrite success
DP-270.000006BMH= ref clock test PASS <(clki=%9%. clk2=538%, expected clk2=53%4>
USB/644.531258MH= ref clock test PASS (clki=998. clk2=12863. expected clk2=12B864
>
[FMC/125.088888MH= ref clock test PASS (clki1=998. clk2=2495, expected clk2=2495>
THCB: DP-USB-FMC CLK Test:PASS
= HAN Pilot Platform Demo Program =
[B]1 Temperature
[1]1 Power_Monitor
[21 MPU9?258
[31 THCA: HDMI/SFP+ CLK
[41 THCB: DP-USB-FMC CLK
[51 CDCM6288
Input your choice: -

m

Figure 2-10 TXCB Demo

12. For programmable PLL CDCM®6208 test, please input key ‘5’ and press ‘Enter’ in the
nios-terminal first, then select the desired output frequency of SATA/ PCIE/ DDR4A/ DDR4B/
DDR4H REFCLK, as shown in Figure 2-11.

@ Altera Nios I EDS 18.1 [gec4] [l
L ———————S———

HAN Pilot Platform Demo Program -

Temperature

Power_Monitor

MPU?258

TXCA: HDMI/SFP+ CLK

TXCB: DP-USB/FMC CLK

CDCH6 288
Input your choice:5

CDCMA2A8 Programming =====
[B8]1 SATA_DEVICE:1568.808 MH= SATA_HOST:150.8688 MHz OB_PCIE:188.888 MH=
DDR4B:266 .666 MHz DDR4A:266.666 MHz= DDR4H:266.666 MH=
[11 SATA_DEVICE:1568.8608 MHz= SATA_HOST:158.8688 MHz OB_PCIE:188.888 MHz
(DDR4B:133.333 MHz DDR4A:133.333 MH= DDR4H:133.333 MH=
[Other] exit
please select CLK CASE:B
CDCME2@8 REG Write success
READ CDCM6288. ..
req[B]l-reg[28]1 read and verify successt?
SATA DEVICE-158.888MHz ref clock test PASS <clki=998. clk2=2995, expected clk2=2
294>
SATA HOST/15@.AABMH= ref clock test PASS (clk1=998. clk2=2995. expected clk2=299%
42
PCIE-188.08BMH=z ref clock test PASS {(clki=998. clk2=19%6. expected clk2=1996>
DDR4B-266 .666MHz »ref clock test PASS {clki=998,. clk2=5323, expected clk2=5322>
DDR4A /266 .666MHz ref clock test PASE (clki=998. c1k2=5322, expected clk2=5322>
DDR4H 266 .666MHz ref clock test PASS <clkl=998,. clk2=5323, expected clk2=5322>
CDCM6288 Test:PASS
= HAN Pilot Platform Demo Program = =

Temperature

Power_Monitor

HPU?258

TRCA: HDMI/SFP+ CLK

TXCB: DP-USB-/FMC CLK

CDCHM6288
Input your choice: -

m

Figure 2-11 CDCM6208 Demo
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2.3 Nios DDR4 SDRAM Test

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 QSYS. We describe how the Altera’s “Arria 10 External Memory
Interfaces” IP is used to access the two DDR4-Sodimm on the FPGA board, and how the Nios Il
processor is used to read and write the SDRAM for hardware verification. The DDR4 SDRAM
controller handles the complex aspects of using DDR4 SDRAM by initializing the memory devices,
managing SDRAM banks, and keeping the devices refreshed at appropriate intervals.

B System Block Diagram

Figure 2-12 shows the system block diagram of this demonstration. The QSY'S system requires one
50 MHz and two 266.667MHz clock source. The two 266.667 MHz clock source is provided by
CDCM®6208 clock generator on the board. The 50MHz is used by 10 PLL to generate 200MHz for
Nios Processor and On-chip Memory. The two 266.667MHz clock are used as reference clocks for
the DDR4 controllers. There are two DDR4 Controllers are used in the demonstrations. Each
controller is responsible for one DDR4 SDRAM. Each DDR4 controller is configured as a 1 GB
DDR4-1066MHz controller. The DDR4A controllers are designed as 1GB rather 4GB is due to
address space limitation of Nios Il processor. Nios Il processor is used to perform memory test. The
Nios Il program is running in the On-Chip Memory. A PIO Controller is used to monitor buttons
status which is used to trigger starting memory testing.

P - M2§2L3 ]
PIO
. 50MHz opLL B3

Controller
N )
 266.667TMHz

i Cmm—
Controller SODIMM
—_— :

DDR4 ’
R Timer — DDR4
— -P = i

System Interconection Fabric

Figure 2-12 Block Diagram of the DDR4 Basic Demonstration

The system flow is controlled by a Nios Il program. First, the Nios Il program writes test patterns
into the whole 1 GB of SDRAM. Then, it calls Nios Il system function (alt_dache_flush_all) to
make sure all data has been written to SDRAM. Finally, it reads data from SDRAM for data
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verification. The program will show progress in JTAG-Terminal when writing/reading data to/from
the SDRAM. When verification process is completed, the result is displayed in the JTAG-Terminal.

B Design Tools

® Quartus Prime 18.1.0 Standard Edition
® Nios Il Software Build Tools for Eclipse 18.1

B Demonstration Source Code

® Quartus Project directory: NIOS_DDR4
® Nios Il Eclipse: NIOS_DDRA4 \software
® Nios Il Project Compilation

B Nios Il Project Compilation

Before you attempt to compile the reference design under Nios Il Eclipse, make sure the project is
cleaned first by clicking ‘Clean’ from the ‘Project’ menu of Nios II Eclipse.

B Demonstration Batch File

Demo Batch File Folder: NIOS_DDR4 \demo_batch
The demo batch file includes following files:

® Batch File for USB-Blaster II: test.bat, test.sh
® FPGA Configure File: NIOS_DDRA4.sof

® Nios Il Program: DDR4_Test.elf

B Demonstration Setup
Please follow below procedures to setup the demonstration.

Make sure Quartus Prime and Nios |1 are installed on your PC.
Make sure DDR4 SODIMM are installed on the FPGA board.

1
2
3. Set MSEL[2:0] to 010,
4
5

Power on the FPGA board.

Use USB Cable to connect PC and the FPGA board and install USB Blaster Il driver if

necessary.

Execute the demo batch file “test.bat” under the folder “NIOS DDR4\demo batch”.

7. After Nios Il program is downloaded and executed successfully, a prompt message will be
displayed in nios2-terminal.

8. Press KeyO~Keyl of the FPGA board to start SDRAM verify process. Press KeyO for continued
test.

9. The program will display progressing and result information, as shown in Figure 2-13.

o

IC HAN Pilot Platform 13 www.terasic.com
as Demonstration Manual October 8, 2019

www.terasic.com




.
@ Altera Nios I EDS 18.1 [geed] (=] B s

DDR4 Test?! Size=A:1824MB-/B:1824MB

any BUTTOM on the board to start test [BUTTONB for continued test]
> DDR4 Testing, Iteration: 1

/B Calibration Duration:B.736 seconds,. status=5h

== DDR4-A Testing...

write. ..

i@ 28 38x 48x 58 68x 78x 80x ?8x 188x

read verify...

[18:: 28:x 38:x 48 50x 68x 78x 88x 70x 1002

DDR4 test:Pass. 137 seconds

== DDR4-B Testing...

urite. ..

i@ 28:x 38:x 48x 58x 68 78x 80x 28x 106:x

read verify...

i@ 28 38x 48x 58 68x 78x 80x ?8x 188x

Press any BUTTON on the board to start test [BUTTONB for continued test]

Figure 2-13 Progress and Result Information for the DDR4 Demonstration

2.4 RTL DDR4 SDRAM Test

This demonstration performs a memory test function on the one DDR4 SO-DIMM (DDR4A) and
one DDR4 Component (DDR4B) on the HAN Pilot Platform. The memory size of DDR4
SO-DIMM is 4GB and DDR4 Component is 1GB.

B Function Block Diagram

Figure 2-14 shows the function block diagram of this demonstration. There are two DDR4 SDRAM
controllers. The controller uses 266.667 MHz as a reference clock. It generates one 1066MHz clock
as memory clock from the FPGA to the memory and the controller itself runs at quarter-rate in the
FPGAi.e. 266.667 MHz.

FPGA

— DDR4 (A)

T —— Button0
—Ref.CLK Logic |l -

—— Ref_CLK Process

! e LED
— 0CT ——————— A__; _
Sl € Wil
DDR4B SDRAM

Figure 2-14 Block Diagram of DDR4 x2 Demonstration

B Design Tools

® Quartus Prime 18.1.0 Standard Edition

® Demonstration Source Code:

0 HAN Pilot Platform 14 www.terasic.com
asiC Demonstration Manual October 8, 2019

www.terasic.com




e Project Directory: Demonstration\RTL_DDR4
e Bit Stream: RTL_DDR4.sof

B Demonstration Batch File

Demo Batch File Folder: RTL_DDR4 \demo_batch
The demo batch file includes following files:
® Batch File: test.bat

® FPGA Configuration File: RTL_DDRA4.sof

B Demonstration Setup

1. Make sure Quartus Prime is installed on the host PC.

2. Connect HAN Pilot Platform to the host PC via USB cable. Install the USB-Blaster Il driver if
necessary.

3. Set MSEL[2:0] to 010,

4. Power on the HAN Pilot Platform.

5. Execute the demo batch file “test.bat” under the batch file folder \ RTL_DDR4\demo_batch.

6. Press KEYO on HAN Pilot Platform to start the verification process. When KEYO is released,

LEDO, LED1 should start blinking. After approximately 2 seconds, LED1 and LED2 should
stop blinking and stay on to indicate the DDR4 (A) and DDR4 (B) have passed the test,
respectively. Table 2-1 lists the LED indicators.

7. 1f LEDO or LED1 does not start blinking upon releasing KEYO, it indicates local_cal_success of
the corresponding DDRA4 fails.

8. If LEDO or LED1 fail to remain on after 2 seconds, the corresponding DDR4 test has failed.

9. Press KEYO again to regenerate the test control signals for a repeat test.

Table 2-1 LED Indicators

Name Description
LEDO DDR4 (A) test result
LED1 DDR4 (B) test result

2.5 USB Type-C DisplayPort Alternate Mode

This section introduces how to implement a DisplayPort Source based on USB Type-C DisplayPort
Alternate Mode. The demo includes two major parts: DisplayPort and USB Type-C.

For DisplayPort design, DisplayPort Intel FPGA IP is used to generate DisplayPort TX video. The
DisplayPort design is refer to the document :Arria 10 DisplayPort Design Example using on board
connector (TX Only).

For USB Type-C, system need to monitor the information sent from the USB Type-C Port
Controller CYPD3125 (EZ-PD CCG3). From the sent information, system can know whether the
plug-in device is a DisplayPort monitor and the DP lane number is 4 or 2, and system have to
configure the DisplayPort crossbar switch so the FPGA transceiver signals can be routed to the
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type-c port correctly.

The Quartus Project USBC_DP_4K is designed for 4K monitor, and USBC_DP_FullHD is design
for Full HD Monitor. If your Type-C monitor only supports Full HD, please use the
USB_DP_FullHD for the demo setup.

B System Block Diagram

Figure 2-15 shows the system block diagram for the DisplayPort Demo. When a Type-C monitor is
plugged into the Type-C Connector, the Type-C Port Controller (EZ-PD CCG3) will enable 5V
power for the monitor. When a Type-C device is plug-in or removed from the Type-C connector, the
CCG3 will notify FPGA through the IC2 interface. CCG3 will sends one byte data to O offset
address in the 12C Slave Port. The meaning of the data is shown in Table 2-2. If attached device is a
DisplayPort monitor, then DisplayPort crossbar switch is configured so the transceivers signals are
routed to the type-c connector correctly.

For DisplayPort design, the Hot Plug Detect (HPD) causes the DisplayPort source to initialize the
link via AUX channel. The DisplayPort IP generates parallel Video data and FPGA transceivers are
used to serial the video data. For 4K video data, 4 TX transceivers are used with reference clock
270 MHz. For Full HD video data, 4 or 2 TX transceivers are used. The input video data for
DisplayPort IP is generated by VIP Test Pattern Generator Il IP and VIP Clocked Video Output Il IP.

In the system, a Nios Il processor is used to control the DisplayPort IP. The Nios Il Processor is

running on on-chip memory with 100Mhz.

FPGA Board
QSyS : l E
5 y oo Display P
AN : : ol L—*J
4 Switch
<

e SBU1/SBU2

Figure 2-15 Block Diagram of DisplayPort Demo

’ HPD

Table 2-2 Information sent by CCG3

Data[6:5] Description

0 No Device is attached

1 Only USB 3.1 Device is attached

2 4 Lane DisplayPort monitor is attached

3 USB and 2 Lane DisplayPort monitor is attached
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Data[4] | Description
0 Cable is normal
1 Cable is flip

B Demonstration File Locations

® For 4K Video Output:
e Hardware project directory: USBC_DP_4K
e Bitstream used: USBC_DP_golden_top.sof
e Nios Il Program: dp_demo_test.elf
e Demo batch file: USBC_DP_4K\demo_batch\test.bat
e For Full-HD Video Output:
e Hardware project directory: USBC_DP_FullHD
e Bitstream used: USBC_DP.sof.sof
e Nios Il Program: dp_demo_test.elf
e Demo batch file: USBC_DP_FullHD\demo_batch\test.bat

B Demonstration Setup and Instructions
1. Make sure Quartus Prime is installed on your PC.

2. Set MSEL[2:0] to 010,

3. Power on the FPGA board.

4. Use the Mini USB Cable to connect your PC and the FPGA board and install USB Blaster II
driver if necessary.

5. Execute test.bat under the demo_batch folder.

6. Connect USB Type-C Connector (J2) to a 4K Type-C Monitor (or Full HD Type-C Monitor) via
a Type-C Cable.

7. You will see a color bar pattern on the Type-C Monitor.

2.6 USB Type-C FX3 Loopback

This demonstration illustrates how the FX3 is working with the FPGA for USB3.0/USB2.0 data
bulk in/out (data loop transmission). There is a USB type-C connector onto HAN Pilot Platform, a
type-C cable is reversible for plugging in the USB type-C connector. This demonstration also
implements the auto-switching mechanism for a type-C cable plugging in on either side.

B Function Block Diagram

Figure 2-16 shows the function block diagram of the USBC_FX3 demonstration. This design
comprises two parts, USB3.0/USB2.0 TX&RX crosshar switch controlling and FX3 data
transferring. As the Type-C connector is reversible, a Type-C port Controller (CYPD3125) is
required for USB3.0/USB2.0 TX&RX crosshar switch controlling. When the Type-C cable is
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plugged in, the CC (Configuration Channel) signal is communicating with the controller. The
controller then transfers the data to the Slave IC (FPGA) by 12C in Master mode, and There will be
a salve 12C module in the FPGA to decode the signal and send the control signal to control the
RX/TX direction of the PI3USB31532 USB3.0 signal. Here is a LEDO on the board to indicate the
cable plugging direction, and LED1 indicates whether there is a USB connection signal or not. For
the data transmission of FX3 module, FIFO and controller (implemented in the FPGA) combine
FX3 module to perform the data bulk in/out loop. (For details, please refer to CYPRESS AN65974
Designing with the EZ-USB® FX3™ Slave FIFO Interface Chapter 11). All modules functions are
described below:

USB_AUTO_DETECT: This module can decode the 12C signal from the Type-C Port Controller
(CYPD3125 IC), then timely switch the RX/TX direction of Type-C port (by controlling the
PI3USB31532 IC) and control the USB 3.0 Mux/Demux9 (HD3SS3212) switching to transfer the
USB 3.0 signal to FX3 module. As shown in Figure 4-1, the LEDO indicates the Type-C connector
RX/TX direction, the LED1 indicates the USB 3.0 signal input.

LOOPBACK: This module is designed as FX3 Slave FIFO Interface, the module combines the
CYPRESS application(bulkloop.exe) to implement data bulk in/out loop demo.

KEYO: It is used to reset FX3 module.

PMODE[2:0]: The HAN Pilot Platform has a 4Mbits Flash ROM, which can be used to program
the FX3 firmware. This ROM is connected to FX3 through SPI interface. PMODE[2:0] is used to
set the FX3 in program or boot status. The setting details is described in below steps.

HAN Pilot Platform

CYPD3125
#} (Type-C Port

Controller)

12C CC_POLARITY,
>

A

oo USBDP_SW_CNF(2:0] UsB_ON -

PRVIIANIY  (UsB3.1 Gen2 (3 <
s B LED1
USB 3.0 Crossbar switch) USB_AUTO_DETECT >

USBHS_TX/RX
USB_SSFX3_PATH_OEn

USB-PD TYPE-C UEUEEE ] | USB_SSFX3_PATH_SELn
N

(1.2 USB3.1
Connector Mux/Demux)

USBF3_TX/RX

USBFX3_DQ/CTL/PCLK
FX3 e
SB 2.0_DP/D|
M SuperSpeed USB
: %On:oller) > USBFX3_RESET_n LOOPBACK
<

I1S25W Q040
(4Mbit SPI
Flash ROM)

Figure 2-16 Block diagram of the USBC FX3 design

|

B Demonstration Setup

® Hardware Setting Up, as shown in Figure 2-17.
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Figure 2-17 USBC FX3 Demo Hardware Setting Up

Design Tools

Quartus Prime 18.1 Standard Edition

Demonstration Source Code

Quartus project directory: USBC_FX3
Bitstream used: USBC_FX3.sof

Demonstration Batch File

Demo batch file folder: demonstrations\USBC_FX3\demo_batch

Demonstration Setup

Connect the HAN Pilot Platform USB Blaster 11 connector (J20) to the host PC with a USB
cable and install the USB-Blaster Il driver if necessary.

Use a Type-C cable to connect the HAN Pilot Platform and a PC (with a Type-C connector).
As shown in Figure 2-17.

Plug the 12V adapter to HAN Pilot Platform DC 12V power connector (J28).

Set MSEL[2:0] to 010.

Power on the HAN Pilot Platform.

Execute the demo batch file “test.bat” from the directory \FPGA\USBC_FX3\demo_batch.
Install the FX3 driver: the driver for Windows 7 is in the \ FPGA\ USBC_ FX3\
demo_batch\ Driver\ win7 folder, and the driver for Windows 10 is in the \ FPGA\
USBC_FX3\ demo_batch\ Driver\ winl10 folder.

Use JP6, JP5, JP4 to set the PMODEJ[2:0] as “OF1” (F indicates floating).

Press KEYO (RESET FX3).

Re-plug the Type-C cable one time, Cypress Control Center will show Cypress FX3 USB
Streamer Example Device and BOS (SuperSpeed Device capability), it indicates the
USB3.0 Has completed the setup. When LED1 lights up, it indicates USB signal is
detected. LEDO lights off indicates Type-C Cable two sides plugged with same directions,
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LEDO lights up indicates Type-C Cable two sides plugged with reverse directions.
e Execute the .exe application: \demo_batch\Host_app\loopback\bulkloop.exe, see Figure
2-18 below, press Start, you will see the Bytes Transferred IN/Out value increasing rapidly.
For more information of bulkloop.exe, please refer to Cypress EZ-USB FX3 SDK Getting
Started with FX3 SDK.
S [

Connected Devices {(0):0454 - 0x00F 1) Cypress FX3 USB StreamerExample Device V'

Select Endpoint Pair (IN & OUT)

IN Endpoints

OUT Endpoints BULK OUT, AltInt - 0 and EpAddr - 0x01

Data Pattern to OUTPUT

Random Data Byte

Constant /Start Value  If

Bytes Transferred Out 0x80B400

Bytes Transferred IN 0x80B400

Figure 2-18 FX3 bulk in out bulkloop
Table 2-3 summarizes the functional keys and details of each LED status.

Table 2-3 The functional keys of the HAN Pilot Platform USBC_FX3 demonstration
Name | Description

LEDO lights off indicates Type-C Cable two sides plugged with same
directions.

LEDO lights up indicates Type-C Cable two sides plugged with reverse
directions.

LED1 | It lights up when the USB signal is detected.

LEDO

® Program the FX3 firmware:(Optional)

e Execute the demo batch file “test.bat” from the directory \FPGA\USBC_FX3\demo_batch

e Execute Cypress Control:
FPGA\USBC_FX3\demo_batch\Host_app\ download_firmware\CyControl.exe

e Use JP6, JP5, JP4 to set the PMODE[2:0] as “F11”( F indicates floating).

e Press KEYO (RESET FX3), Cypress Control center will show Cypress FX3 USB
Bootloader Device.

e Program software, In Control Center. Click Program FX3 SPI FLASH, as shown in Figure
2-19. Select file FPGA\USBC_FX3\demo_batch\FX3_Firmware\SF_loopback.img. Wait
until It reports “Programming of SPI FLASH Succeeded”.
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File | Program | Help

Dol Fiz » B 3] URB Stat AbortPipe ResstPipe X & @ 7
® FX3 » RAM riptor Info | Data, Transters | Device Class Selection |
12C EEPROM EVICE> T~
FriendlyName="Cypress Fi3 USE BootLoader Device"
| SPI ELASH |I Manvfacturer="Cypress"

Product="WestBridge "
SerialNumber="0000000004BE"
Configurations="1"
MaxPacketSize="64"
YendorID="04 B4"
ProductID="00 F3"
Class="00h"
SubClass="00h"
Protocol="00h"
BedDevice="01 00"
BedUSB="02 00"
<CONFIGURATION =
Configuration="0"
ConfigurationValue="1"
Attributes="80h"
Interfaces="1"
Descriptor Type="2
DescriptorLength="0"
TotalLength="18"
MaxPower="100"
<INTERFACE>
Interface="0"
IntexfaceNumber="0"
AltSetting="0"
Class="FFh"
Subelass="00h"
Protocol="0"
Endpoints="0"
Descriptor Type="4"
DescriptorLength="9"
</INTERFACE> =

m

Figure 2-19 Cypress Control Center

2.7 HDMI TX and RX in 4K Resolution

This demonstration uses the Intel® FPGA HDMI IP core to implement the HDMI Retransmit
function in the FPGA of the HAN Pilot Platform. As shown in Figure 2-20, user can connect an
HDMI video player to the input video and audio data to HDMI RX port of the HAN Pilot Platform.
After the HDMI video data is received in the FPGA, it will be instantly transferred to the HDMI TX
port. The user only needs to connect an HDMI screen to the HAN Pilot Platform. User only needs
to connect an HDMI screen to the HAN Pilot Platform, then you can watch the images output by
the HDMI Player. This demonstration supports image resolution up to 4AK@60YUV mode. User
who need resolution with 4K@G60RGB mode, please use the project in the folder
“HDMI_RX TX 192 and use Quartus 19.2 version to open and edit it. If you want to learn HDMI
high-performance related image processing, this demo can help you learn quickly.

IC HAN Pilot Platform 21 www.terasic.com
as Demonstration Manual October 8, 2019

www.terasic.com




HDMI Monitor

T

— -

1 | )
e 5 8 o s oo ;,
o

. ) s b

® s .6 ®.e e s 4
- L . . < oy

s e e e ey

AL
LUMTRVs g

Figure 2-20 The Architecture of the demonstration

B System Block Diagram

Figure 2-21 shows the system block diagram of this example. It shows that the Intel®@ FPGA HDMI
IP core is used in the FPGA. It is divided into two parts: Transmitter and Receiver. These two IPs
can be directly used by Transition-minimized differential signaling (TMDS) interface connection,
only need HDMI repeater or redrive IC as an intermediary to connect HDMI devices, no need to use
special HDMI Transmitter and Receiver IC. For details about HDMI IP, please refer to HDMI
Intel® FPGA IP User Guide and Intel FFGA HDMI Design Example User Guide for Intel Arria 10

Devices.
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HAN Pilot Platform
FPGA

Video Source

Audio > HDMI

HDMI Player

a

L _J
Monitor

Figure 2-21 The system block of the demonstration

This demonstration first needs to connect the HAN Pilot Platform to the HDMI interface screen.
Because this demo can support various screen resolutions. When the HAN Pilot Platform connect to
the monitor, the HDMI RX block in the FPGA will first read the supporting resolution of the
monitor from the it's EDID and stored in the EDID RAM in the HDMI RX block. The NIOS
handles the control signals between the EDID and the HDMI IP in this demo.

The HDMI Video player is then connected to the HDMI RX port of the HAN Pilot Platform. When
the RX instance in the FPGA receives a video source from the external video generator, the video
and audio data then go through a loopback FIFO before it is transmitted to the TX instance. The
final image and sound data will be displayed on the monitor connected to the TX end. For a more
detailed IP block diagram in the example, refer to Figure 2-22.
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TX Audio

RX RX Audio ) ) 294
Oversampler RX Video TX Video Oversampler
RX Auxiliary > TX Auxilial
RX Sldeband) TX Sideband >

DCFIFO

IOPLL TX PLL

Transceiver PHY ]
i X Native PHY
Reset Controller [ij RX Native PHY ative

1OPLL RX IOPLL Transceiver PHY
Reconfiguration R;c;z:‘rg;g::;zn Reconfiguration |1 Reset Controller

—» Parallel Data —» Serial Data —» Avalon-MM —» Control and Status

Figure 2-22 The HDMI IP block of the demonstration

B Demonstration Source Code for 4AK@60YUV

Project Location: System CD\Demonstration\FPGA\HDMI_RX_TX\

® Quartus Project directory: HDMI_RX_TX\quartus\
® Nios Il Eclipse: HDMI_RX_TX\software\
® Demonstration Batch File:

Demo Batch File Folder: HDMI_RX_TX\demo_batch\
The demo batch file includes following files:

® Batch File for USB-Blaster II: test.bat, test.sh
® FPGA Configure File: a10_hdmi2_demo.sof
® Nios Il Program: HDMI_RX_TX.elf

B Demonstration Source Code for AK@60RGB

Project Location: System CD\Demonstration\FPGA\HDMI_RX_TX 192

® Quartus Project directory: HDMI_RX_TX_192\quartus\

® Nios Il Eclipse: HDMI_RX_TX_192\software\
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® Demonstration Batch File:

Demo Batch File Folder: HDMI_RX_TX_192\demo_batch\
The demo batch file includes following files:

® Batch File for USB-Blaster II: test.bat, test.sh
® FPGA Configure File: a10_hdmi2_demao.sof
® Nios Il Program: HDMI_RX_TX.elf

B Hardware Requirement

e APC
An HDMI monitor capable of displaying 4K/60P
An HDMI video player capable of outputting 4K/60P resolution

Demonstration Setup

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

Set MSEL[2:0] to 010, Set SWO to 1, SW1 to 0.

w NP o

Connect a HDMI monitor to the HAN Pilot Platform as shown in Figure 2-23.

HDMI Monitor
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Figure 2-23 Connection setup of the HDMI TX monitor and HAN Pilot Platform

4. Connect the USB Blaster Il port on the HAN Pilot Platform to the computer using the USB
cable (Do not connect the HDMI video player at this time).

5. Open HAN Pilot Platform power and execute demo batch file: test.bat

6. Waiting for FPGA code download completed.

7. First set the output resolution of the HDMI video player to 4K@60Hz and connect to the HDMI
RX port of HAN Pilot Platform as shown in Figure 2-20.

8. Observe the Nios command shell window (See Figure 2-24), whether the Pixel rate is around
297000 (the value when the resolution is 4K).

9. Check if the resolution of the HDMI monitor is 4K/60P. If the monitor cannot support 4K
resolution, some HDMI video players will automatically switch to full HD or lower resolution.
If the HDMI video player cannot automatically switch, please manually switch to the resolution
that monitor can support.

¥ Altera Nios 1 EDS 17.0 [geed]
Info (209816): Configuring device index 1 -
Info (20981 Device 1 contains JTAG ID code BxB2EA5GDD

Info A9087)>: Confi a s e 1 devic > conf igured

nJ
]
4

Info (209811): Successfully performed operation(s)
Info (209861): Ended Programmer operation at Mon Jul 3¢

Info: Quartus Prime Programmer was

Info: Peak virtual memory: 10780 m
Info: Pro ng ended: Mon Jul 38 2
Info: Elapsed time: 80:88:23
Info: Total CPU time <{on all processors): 80:90:89
Jsing cable "“DE1B-Advanced [USB-11", device 1, instance @x80

Resetting and pausing target processor: OK
Initializing CPU cache {(if present)

Starting processor at address Ox00020230

nios2-terminal: connected to hardware target using JTAG UART on cable
nios2-terminal: “DEi1B@-Advanced [USB-11", device 1, instance @
ios2—-terminal: (Use the IDE stop bhutton or Ctrl-C to terminate)

JPixel rate - 2970285 |
TR hot plug event is detected...

Figure 2-24 Verify the pixel rate of the demonstration

2.8 HDMI TX in 4K Resolution

Compared with the section 2.7 HDMI TX and RX in 4K Resolution, the difference of this
demonstration is that only the TX of the Intel® FPGA HDMI IP cores is used in the FPGA. This
demo also has a video test pattern generator built into the FPGA. The highest resolution 4K image
is sent to the HDMI TX IP. It is displayed via an external HDMI monitor.

B System Block Diagram
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Figure 2-25 shows the system block diagram of the demo. First, Nios is used to generate the test
pattern output to the HDMI TX IP. The resolution of the generated pattern can be 4K or Full HD
(1080). User can switch the output resolution instantly through the Switch on the HAN Pilot
Platform. The HDMI TX IP is identical to section 2.7.

HAN Pilot Platform
FPGA

Video Source .

Figure 2-25 The System Block Diagram of the demonstration

B Design Tools

® Quartus Prime 18.1.0 Standard Edition
® Nios Il Software Build Tools for Eclipse 18.1

B Demonstration Source Code

Project Location: System CD\Demonstration\FPGA\HDMI_TX_ 4K\
® Quartus Project directory: HDMI_TX 4K

® Nios Il Eclipse: HDMI_TX_4K\software\

® Demonstration Batch File:

Demo Batch File Folder: HDMI_TX_4K\demo_batch\
The demo batch file includes following files:

® Batch File for USB-Blaster II: test.bat, test.sh

® FPGA Configure File: HDMI_TX_4K.sof

® Nios Il Program: vip_control.elf

B Hardware Requirement

e APC
® An HDMI monitor capable of displaying 4K/60P

Make sure Quartus Prime and Nios |1 are installed on your PC.

B Demonstration Setup

1.

2. Connect a HDMI monitor to the HAN Pilot Platform as shown in Figure 2-23.
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3. Connect the USB Blaster Il port on the HAN Pilot Platform to the computer using the USB
cable (do not connect the HDMI video player at this time).

Set MSEL[2:0] to 010.

Open HAN Pilot Platform power and execute demo batch file: test.bat

Waiting for FPGA code download completed

Check if the test color pattern is shown on the HDMI monitor (See Figure 2-26).

No gk

HDMI Monitor

':]]III

Figure 2-26 Test color pattern is shown on the HDMI monitor

8. User can switch SW[1:0] to change the resolution of the test patter output. The relationship
between the detailed screen resolution and the switch is shown in Table 2-4.

Table 2-4 Switch setting for the resolution of the test pattern

SWI[1:0] Resolution Setting
00 1080@60P
01 4K@60P
10 1080@60P (Same with the SW[1:0] = 00)
11 4K@30P
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2.9 Low Latency Ethernet 10G MAC Demo

This 10GBASE-R Ethernet design example is generated according to the documents : Low Latency
Ethernet 10G MAC Intel Arria 10 FPGA IP Design Example User Guide. The LL (Low Latency)
10GbE IP is used in the example design. This example executes the external loopback test through
one of the SFP+ ports on the FPGA main board. A SFP+ loopback fixture is required to perform this
demonstration. Figure 2-27 shows the block diagram of this demonstration.

Design Example

(altera_eth_top)
altera_eth_10g_mac_base_r_wrap

address_decoder_channel

Adapter
<> WHEHAVOIon-ST
g Avalon-MM Py <> Adapter —_—
= 3 i
> -

A A

Transceiver Reset
Controller

] A
| vV
] o]
Synchronizer

Bl Generated with Platform Designer  nput Clock ~ Reset
Il Generated with IP Catalog

Figure 2-27 Block diagram of 10GBASE-R demo

B Project Information

The Project information is shown in the Table 2-5.
Table 2-5 Project Information

Item Description

Proje(ft CDROM/Demonstration/FPGA/alt_eth

Location -

FPGA Bit i i

Stream ' CDROM/Demonstration/FPGA/alt_eth/output_files/altera_eth_top.sof
CDROM/Demonstration/FPGA/alt_eth/hwtesting/system_console/

Test  Scrip gen_conf.tcl

File monitor_conf.tcl
show_stats.tcl
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Quartus

. Quartus Prime 18.1.0 Build 614 Standard Edition
\ersion

B Demonstration Setup
Here is the procedure to setup the demonstration. A SFP+ loopback fixture is required for this
demonstration.

1. Insert a SFP+ loopback fixture into the SFP+-A port on the HAN Pilot Platform as shown in
Figure 2-28.

] S
- sl

Figure 2-28 SFP+-A loopback on the HAN Pilot Platform

N

Connect the host PC to the FPGA board using a Mini-USB cable. Please make sure the
USB-Blaster |1 driver is installed on the host PC.

Set MSEL[2:0] to 010.

Power on the FPGA Board.

Using Quartus to open the quartus project “altera_eth_top.qpf”.

Execute the demo batch file “test.bat” under the batch file folder, alt eth\demo_batch.

Launch the System Console by selecting the menu item “Tools=>System Debugging

No gk
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Tools=>System Console” in Quartus.

8. In the Tcl Console pane, type “cd hwtesting/system console” to change directory to the
folder: ./alt_eth/hwtesting/system_console as shown in Figure 2-29.

9. Type “source gen conf.tcl” to generates and sends about 4 billion packets as shown in Figure

2-30.

10. Type “source monitor conf.tcl” to checks the number of good and bad packets received. as
shown in Figure 2-31.

11. Type “source

show_stats.tcl” to checks the number of good and bad packets received. as shown

in Figure 2-32.
12. Wait 6 minutes to complete loopback task, then re-type “source monitor conf.tcl” to see

“0xffff2000”

good packets.

@ System Consale - Toolkits

- N

File Tools Help

(@ Finished discovering JTAG connections

(@ Finished discovering USE connections

(@ Auio linking 1043066H1( ES)L0ASIGGHE! @ 1#USE-1#DE10-Advanced 1o eltera_eth_top.sof

(@ Exesuting startup soript C intelipgatls Lquartussope_builderisystem_consolelsoriptsisystam_consols_ro ol
1, The soript dossn't exist: C:MTssrsikeithlsystern_sonsolshsystem _oonsals_se te] Yo can custoimize System Console by creating

System Explorer | [ oolkis O X |
ot =
U comections ADC Toolkit (Beta)
The ADC Toolkit allows for the evaluation of ADC signal path performance.
| design_instances Wo associated hazdware deteeted.
7 ripts
Bus Analyzex (Beta)
The Bus Analyzer provides real-time performance analysis of bus treffic in the systein.
|
Transceiver Toolkit
The Transceiver Toolkitis & powerful trensceiver verification tool that can quickly snalyze the transeedver signal quality snd performance
Lannch
Load Design.. Refresh Connections
Messages o || Tel Consale
(@) Finished initislization * Ta start, stop, or step a Nios IT processor et
&, Could not register [Service packet # To read or write Avalon Memory-Mapped (dwalon-MM) slawes using special

o, & service named. ‘packet is already registered. masters

* To sample the SOPC system clock as well as system resst signal

# To run JTAG loophack tests to analyze board noise problems

* To shift arbitrary instruction register and data register walues to
instantiated system level debug (SLD) nodes

In addition, the directory <Quartusll Dir=/sopc_builder/systen_console/scripts
contains Tcl files that provide miscellansous utilities and examples of how to
access the functionality provided. You can include those macros in your

scripts by issuing Tel source commands.

m

% ed Twtesting/systen_console | B

Figure 2-29 Launch the System Console for Ethernet 10GBASE-R Demo
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Tel Console

% ed hwiesting fevstem_console

% source gen_conf.tcl

Info: Opened JTAG Mazter Bervice

Read CRC remove status

CRC remove status before write :0x00000001

CRC remove status after write:0x00000000

Confizgure generator

Generator packet length before write:0x00000000

Generator packet length after write:0x00000050

Generator payload status before write:0x00000000

Generator payload status after write:0x00000001

Generator number of packets before write:Ck00000000

Generator number of packets after write:OxffFF2000

Generator start send packet before write:C00000000

Generator after send packets after write (00000000

Info: Closed JTAG Master Service

Figure 2-30 Ethernet 10BASE-R test message for gen_conf.tcl
Tel Console

% sowxece monitor_conf.tcl

Info: Opened JTTAG Master Service
Configure monltor

Check number of good packet :OxffE£2000

Check number of had packet :Ox00000000

Info: Closed JTAG Master Service

]

Figure 2-31 Ethernet 10BASE-R test message for monitor_conf.tcl
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Tel Console

% souxce show_stats_tol

Info: Opened JTAG Master Service

foceszing Ethernet 106G MAC CER

Feading TH Statistics

clr o Ox00000000

framesOK : Ox00000000f£f§2000

framesErr : 0x0000000000000000

framesCRCErr - 0x0000000000000000

octetslE o 0x0000003dffc5:000

pausetCCirlFrames - 0x0000000000000000

ifErrors © Ox0000000000000000

unicastFrames0K - 0x00000000fF 2000

unicagtFramesEry @ Ox0000000000000000

nulticastFrames0K : Cee0000000000000000

Figure 2-32 Ethernet 10BASE-R test message for show_stats.tcl

2.10 Socket Server

The Arria 10 device on the HAN Pilot Platform consists of built-in serializer/reserialize (SERDES)
circuitry for high-speed LVDS interfaces to support Gigabit Ethernet. Ethernet has been the
dominant networking protocol providing a simple, cost-effective option for backbone and server
connectivity. Gigabit Ethernet builds on top of the Ethernet protocol with speed up to 1000 Mbps,
or 1 gigabit per second (Gbps). In this demonstration, we will illustrate how to create a simple
socket server generated in Nios Il using the Gigabit Ethernet devices equipped on the HAN Pilot

Platform.

B System Block Diagram

As indicated in the block diagram in Figure 2-33, the Nios Il processor is used to communicate
with the client via Marvell 88E1111 Ethernet Transceiver.
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CAT 5e Cable
[ > Gateway with DHCP

i

Ethernet Driver

!

Nios Il Simple Socket Server

Figure 2-33 Block diagram of the Socket Server Demonstration

Part of Nios Il, NicheStack TCP/IP Network Stack is a software suite of networking protocols
designed to provide an optimal solution for designing network-connected embedded devices with
the Nios Il processor. A telnet client application is used to communicate with the Simple Socket
Server issuing commands over a TCP/IP socket to the Ethernet-connected NicheStack TCP/IP Stack
running on the HAN Pilot Platform with a Simple Socket Server. The Simple Socket Server
continues to listen for commands on a TCP/IP port and operates the HAN Pilot Platform according
to the commands from the telnet client. NicheStack TCP/IP stack uses the MicroC/OS-11 RTOS
multithreaded environment to provide immediate access to a stack for Ethernet connectivity for the
Nios Il processor. The Nios Il processor system contains an Ethernet interface, or media access
control (MAC)

B How the Ethernet demonstration is built

In this following section we describe how to build the demonstration through the QSYS. The QSYS
system includes the CPU processor, On-Chip memory, JTAG UART, system ID, timer, Triple-Speed
Ethernet, Scatter-Gather DMA Controllers and peripherals which are linked together contained in
the Nios Il hardware system that are used when building a project. Figure 2-34 presents the overall
setup of the QSY'S from the Ethernet Simple Socket Server project.
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O Connections Mame Description Export Clock Baze
ext_clk_50 Clock Source exported
iopll 0 IOPLL Intel FPGA [P ext_clk_50
B 1 nios2_gen2 Hios I1 Processor
clk Clock Input iopll 0_o...
reset Reset Input [clk]
—_— data_master ivalon Memory Mapped Master [clk]
————— instruetion_master ivalon Memory Mapped Master [clk]
ing Intermpt Recedver [clk] IRQ O
————— debug_reset request Reset Output [clk]
debug_mem_slave Avalon Memory Mapped Slave [clk] 0x0140_0800
custorm_instroction_mea.... |Custorm Dnstruction Master
onchip_memory2_0  |On-Chip Memory (RAM or ROM) Tntel ext_clk_50 0x0180_0000
=] E tse_mac Triple-Speed Ethernet [ntel FRGA TP
control_port_clock_co... |Clock Input wpll 0_o...
reset_connechon Reset Input [control_port
control_port Avalon Memory Mapped Slave [control_port.. |& 0x0140_1000
recetve_clock_connect...|Clock Input wpll 0_o...
transmit_clock_comuec. . |Clock Input wpll 0_o...
—_— eceive Avalon Stresming Sownce [receive_cloc
—— trangmit ivalon Streaming Sink [trasmit_clo...
O mac_ydio_connection  |Conduit tse_moec_mac_mdio con...|
O mac_yndse_connection  |Conduit tse_MAC_IMAC_ WSt CON...
[ pes_ref clk clock _con...|Clack Input tse_mac_pes vef clk cl... |ezported
O serial_connection Conduit tse_mac_seriel comnecti.. .
O status led_connection  |Conduit tse_mac_status led_com...
O srdes_control_connect...|Conduit tse_mac_serdes control...
1.- =18 msgdma_tx Modulex catter-Gather DMA Intel FBG...
— win_read ivalon Memory Mapped Master [clock]
— descriptor_read _master  |Avalon Memory Mapped Master [clock]
— descriptor_write_master |Avalon Memory Mapped Master [clock]
clock Clock Input iopll 0_o...
reset_n Reset Input [clock]
(i3 Avalon Memory Mapped Slave [clock] 0x0140_1640
prefetcher_car Avalon Memory Mapped Slave [clock] 0x0140_1600
csr_irg Intermpt Sender [clock]
—_ st_source ivalon Btrearning Source [clock]
I msgdma_nx Modular Scatter-Gather DMA [ndel FPG.. 1wopll_0_o... multipl
descriptor_memory  |(On-Chip Memory (RAM or ROM) Lntel... wpll 0_o... 0x0140_2000

Figure 2-34 QSYS for Ethernet Simple Socket Server

End

Oee1 40_0f ££

0x01ad_cAbf

Ox0140_L3FE

(Oee11 40_tA5E
a0 40_té1f

Ox0140_3FFf

IRQ  Tags

1RO 31—

i
mijlcvlsz i

In the Triple-Speed Ethernet IP Core configuration, the interface is set to SGMII as well as using
the internal FIFO shown in Figure 2-35.

W Parameters 5:3\ -

|

Swstenn: Swstern Pathe tse_mac

Triple-Speed Ethernet Intel FPGA IP

altera_eth_tse

Core Configurations | MAC Options | FIRO Options | Timestamp Options | PCS/Transeeiver Optins|

Crenerate Example Design. ..

Coxe Vexiations

Core varistion: | 10/100/10000b Ethemnet MAC with 1000BASE-XAGMII PCE - |
[7] Enable ECC protection

|' 10/100/1000Mb Ethemet MAC

Interface: MIMGMI |
Tz clock enable for MAC

Use mtermal FIFO
Nurmber of ports: | |

|' 1000BASE-X/BGMII PCS
Transceiver tvpe. | LYDE LD - |

Figure 2-35 Triple-Speed Ethernet core configurations

In the MAC options section, the MDIO module is included that controls the PHY Management
Module associated with the MAC block. The host clock divisor is to divide the MAC control
register interface clock to produce the MDC clock output on the MDIO interface. The MAC control
register interface clock frequency is 100 MHz and the desired MDC clock frequency is 2.5 MHz, a
host clock divisor of 40 should be used. Once the Triple-Speed Ethernet IP configuration has been
set and necessary hardware connections has been made click on ‘Generate’ to build the interconnect
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logic automatically. In this following section we will describe the steps to create the Simple Socket
Server using Nios Il. We create a new project in Nios Il using the project template, Simple Socket
Server shown in Figure 2-36. The PTF file created using the SOPC builder in Quartus Il is used in
the Select Target Hardware section.

Target hardware information

SOPC Information File name: |D:\my file\SVN\de10_advanced\test_rew(

CPU name: nios2_gen2 i

Application project

Project name: |Socket_Server |

[ ]Use default location

Project location: |_ﬁ|e\SVN\de10_advanced\software\Socket_Server|

Project template

Templates Template description
Memory Test ~ | |Simple Socket Server uses the industry ~
Memory Test Small standard Sockets interface to TCP/IP. This
: application shows how to initialize the
Simple Socket Serve NicheStack TCP/IP Stack and run a simple

Web Server TCP server application, allowing a PC to
Web Server (RGMII) « | |communicate with a Nios Il system via
( 5 Ethernet. -

Figure 2-36 Nios Il project simple socket server

B Overview

The Simple Socket Server uses the industry standard sockets interface to TCP/IP. It uses DHCP
protocol to requests a valid IP from the Gateway. During the device initialization process, the
NichStack TCP/IP Stack system code calls get_mac_add() and get_ip_add() to get the MAC and IP
addresses for the network interface. Once the MAC address is generated, auto-negotiation is
initiated where both connected devices, the Ethernet (Marvel 88E1111) and Gateway devices
broadcasts its transmission parameters, speed and duplex mode. By default, the MAC interface for
the Ethernet device is set to SGMII. In this demonstration, we are using SGMII MAC interface
which can be configured through the management interface of the 88E1111 Ethernet device. Once
the link is established an IP address is assigned to the Ethernet device along with the port number.
Through TCP and port number, the demonstration uses Telnet client to establish connection with the
Simple Socket Server, where it is continuously listening on the port. Once the connection is
established between the Telnet client and Simple Socket Server, the Telnet client is able to send
packets which are received by the Nios Il processor and through the Simple Socket Server it will
send server command to the HAN Pilot Platform. The packet sent contains LED command which is
extracted and dispatched to the LED command queue for processing by the LED management tasks.
Figure 2-37 shows the software architecture of the Nios program for the Simple Socket Server. The
top block containing the Nios Il processor and the necessary hardware to be implemented into the
HAN Pilot Platform. The software device drivers contain the necessary device drivers needed for
Ethernet and other hardware components to functions. The HAL API block provides the interface

IC HAN Pilot Platform 36 www.terasic.com
as Demonstration Manual October 8, 2019

www.terasic.com




for the software device drivers, while the MicroC/OS-I1l provides communication services to the
NichStack and the Simple Socket Server. The NicheStack TCP/IP stack software block provides
networking services to the application where it contains tasks for Simple Socket Server and LED
management.

Figure 2-37 Nios program software architecture

B Running the demonstration

® Design Tools
e Quartus Prime 18.1 Standard Edition
e Nios Il Software Build Tools for Eclipse 18.1

® Demonstration Source Code
e Quartus Project directory: Socket_Server
e Nios Il Eclipse: Socket_Server \software

® Nios Il Project Compilation
Before you attempt to compile the reference design under Nios Il Eclipse, make sure the project is
cleaned first by clicking ‘Clean’ from the ‘Project’ menu of Nios II Eclipse.

® Demonstration Batch File
Demo Batch File Folder: Socket_Server \demo_batch
The demo batch file includes following files:
e Batch File for USB-Blaster IlI: test.bat, test.sh
e FPGA Configure File: Socket_Server.sof
e Nios Il Program: Socket_Server.elf

® Demonstration Setup
Please follow below procedures to setup the demonstration.

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

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

3. Connect the ethernet to Router or network switch with DHCP.

4. Set MSEL[2:0] to 010.
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5. Power on the FPGA board.

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

7. After Nios Il program is downloaded and executed successfully, a prompt message will be
displayed in nios2-terminal. Where the IP address and port numbers are assigned as shown
below in Figure 2-38.

S

&8 Altera Nios I EDS 18.1 [gecd] , [E=REEE ™

: PHYIA.B]1 - Advertiszement of 18 Base-TX Half Duplex set to 1
: PHYIA.A]1 — Hestart Auto—MNegotiation,. checking PHY link...

: PHY¥IA.A]1 — Auto—Megotiation PASSED

: Applying additional PHY configuration of Marvell BBE1111

: PCEIA.A] - Configuring PCE operating mode

: PCEIB.A]1 - PCE SGMII mode enabled

: PHYI[@A.@A] Checking link...

: PHYIA.A]1 - Link establizhed

: PHYI[A.A]1 — Speed = 18@@. Duplex = Full
0K, x=8. CHD_CONFIG=8xB0aBaboan

MAC post—initialization: CHD_CONFIG=0x0408020h
[tze_mzgdma_read_init] R{ descriptor chain desc (9 depth) created
mctest init called

IP address of etl : 172.168.2.258

Created "clock tick' task (Prieo: 33

Acguired IP address via DHCP client for interface: etl

IPF address : 192.168.1.174

Subnet Mask: 255.255.255.8

Gateway : 192 _1e68.1.1

Simple Socket Server starting up
[sss_task] Simple Socket Server listening on port 38
Created "simple socket server' task (Prio: 4

Figure 2-38 Simple socket server

8. To establish connection, start the telnet client session by executing open_telnet.bat file and
include the IP address assigned by the DHCP server-provided IP along with the port number as
shown below in Figure 2-39.

Note: If you can’t open the open_telnet.bat file, please try to set the Telnet Client feature as shown
in Figure 2-40.
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WINDOWS'\ system32\cmd.exe
llelcome to Microsoft Telnet Client

Escape Character is ’CTIRL+1’

Microsoft Telnet> help

Commands may be abbreviated. Supported commands are:

close close current connection
display display operating parameters
open hostname [port] connect to hostname (default port 23).
guit exit telnet
- set set options (type ’set ?’ for a list)
send send strings to server
status print status information
unset unset options <{type ’‘unset ?’ for a list)
— help rint help information
Microsoft Telnet?> open 192.168.2.19 30_

NLuao LD

Figure 2-39 Telnet Client

™ & Control Panel Programs

Control Panel Home

~
: 0
System and Security
Network and Internet
Hardware and Sound -4 Windows Features = 0O X
e Programs
— Turn Windows features on or off (2]
Appearance and To turn a feature on, select its checkbox. To turn a feature off, clear its
Personalisation checkbox. A filled box means that only part of the feature is turned on.
Clock and Region O Simple TCPIP services (i.e. echo, daytime etc) A
Ease of Access 5[]  SMB 1.0/CIFS File Sharing Support

SMB Direct
Telnet Client

L] PClient
[J  virtual Machine Platform
D Vindows Def ler Applicat
[J | Windows Hypervisor Platform
[J  Windows Identity Foundation 3.5
¥ Windows PowerShell 2.0
# [J = Windows Process Activation Service
[T1 | Windows Praiected File Sustem b

Cancel

Figure 2-40 set the Telnet Client feature

9. From the Simple Socket Server Menu, enter the commands in the telnet session. Entering a
number from zero through one followed by a return causes the corresponding the LEDs
(LEDO-LED1) to toggle on or off on the HAN Pilot Platform.
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2.11 Auto Fan Speed Control

This demonstration shows you how to adjust the fan rotation speed according to the FPGA chip
temperature value. The fan rotation speed is adjusted according to the process shown in Figure
2-41.

YES
———————» FAN SET 6000rpm
N

(T is fail Jor (T > 60°C)

NO

Temp_up_flag=1? YES

FAN SET 5500rpm

YES
NO
A J
YES
FAN SET 3000rpm NO
A
NO Ep FAN SET 5000rpm
|
YES
FAN SET 3500rpm NO
A
NO

E} FAN SET 4500rpm

A
YES
FAN SET 4000rpm
A
NO FAN SET 4000rpm
\
YES
FAN SET 4500rpm
R
YES
NO ———% FAN SET 3500rpm
L J
YES
FAN SET 5000rpm
.
NO FAN SET 3000rpm
A
YES
FAN SET 5500rpm
L J
NO .
T is current temperature of FPGA
Temp_up_flag= 1 when T(current) > T(old),
RANSEREINED Temp_up_flag= 0 when T(current) < T(old),

Figure 2-41 Fan rotation speed determination process

B Function Block Diagram

Figure 2-42 Shows the Function block diagram of the AutoFan demonstration. This design has two
main parts. The one is an 12C controller (FAN_TEMP_12C), which can be used to read the
temperature value of the HAN Pilot Platform Temperature Sensor IC (TMP441) and to set the Fan
Controller IC (MAX6650) register for controlling the fan rotation speed. Both the Temperature
Sensor and the Fan Controller use the same 12C bus. The Temperature Sensor 12C Slave-Address is
0x38, the Fan Controller 12C Slave-Address is 0x90. The other one is a judgment controller
(FAN_ONOFF), which can determine the fan rotation speed value according to the process in
Figure 2-41. In this demonstration, you can use the two seven segments to display the FPGA
temperature value and the fan rotation speed value(rpm). All module functions are described as
below:
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HAN Pilot Platform

I TEMP_FAN_LOOP "
<
FAN_TEMP_I2C
— &1
X 1T

_) - . TMPAST MAX8650
(Temperature (e )
' . Sensor)
K

— &l
_’;-U —_—

FANRPM

FPGA TEMP

@E

Figure 2-42 Block diagram of the AutoFan design

FAN_TEMP_I2C: This module can read the temperature value converted by the HAN Pilot
Platform Temperature Sensor IC (TMP441) and to set the Fan Controller IC (MAX6650) register
for controlling the fan rotation speed.

FAN_ONOFF: According to the FPGA temperature value (which output from FAN_TEMP_I2C
module) and the process in Figure 2-41, this module can determine the fan rotation speed
value(rpm) and output it to the FAN_TEMP_12C module.

KEYO: Which is used as system RESET function. When pressing KEYO, the two modules
(FAN_TEMP_I2C and FAN_ONOFF) will reset.

SW1: Set the two seven segments to display the fan rotation speed or the FPGA temperature.
SW1=1, display the current fan rotation speed value (display the thousands and the hundreds, in
decimal), SW1=0, display FPGA temperature value.

The following are the descriptions of the platforms’ set up, as well as the test steps.

B AutoFan RTL Demonstration Setup

® Hardware Setting Up
As shown in Figure 2-43:
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Figure 2-43 AutoFan demo hardware setting up

® Design Tools

Quartus Prime 18.1 Standard Edition

® Demonstration Source Code

Quartus project directory: AutoFan
Bitstream used: AutoFan.sof

® Demonstration Batch File

Demo batch file folder: demonstrations\AutoFan\demo_batch

® Demonstration Setup

Connect the HAN Pilot Platform USB Blaster Il port (J20) to the host PC with a USB cable
and install the USB-Blaster Il driver if necessary.

Plug the 12V adapter to HAN Pilot Platform Board.

Set MSEL[2:0] to 010.

Power on the HAN Pilot Platform.

Execute the demo batch file “test.bat” from the directory \FPGA\AutoFan\demo_batch.The
fan rotation speed value is finally stabilized at RPM=3000. set SW1=1, the two seven
segments will display the current fan rotation speed value (display the thousands and the
hundreds, in decimal), set SW1=0, the two seven segments will display the FPGA
temperature value (display the tens and the ones, in decimal). LED[1:0] functions in this
demonstration are: when the Fan rotation speed is abnormal (ex, fan doesn’t rotate). LEDO
lights up, when the FPGA temperature value is greater than 50C, LED1 lights up.

Table 2-6 Summarizes the functional keys and details of each LED status.
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Table 2-6 The functional keys of the AutoFan demonstration

Name Description
KEYO System reset, press the KEYO to reset the system
SwWi1 Control the two seven segments HEX[1:0]

SWi1=1, display the current fan rotation speed value(display the thousands and the
hundreds, in decimal)
SW1=0, display the FPGA temperature value(display the tens and the ones, in decimal)

HEX]1:0] | Display two decimal numbers

LEDO When the Fan rotation speed is abnormal (ex, fan doesn’t rotate), LEDO lights up

LED1 When the FPGA temperature value is greater than 50°C, LED1 lights up
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Chapter 3
Examples for HPS SoC

This chapter provides several C-code examples based on the Intel SoC Linux built by Yocto project.
These examples demonstrate major features connected to HPS interface on HAN Pilot Platform
such as users LED/KEY, Network Communication. All the associated files can be found in the
directory Demonstrations/SOC of the HAN Pilot Platform System CD. Please refer to Chapter 5
"Running Linux on the HAN Pilot Platform™ from the HAN Pilot Platform Getting Start Guide.

To install the demonstrations on the host computer: Copy the directory Demonstrations into a local
directory of your choice. Intel SoC EDS v18.1 is required for users to compile the c-code project.

3.1 User LED and KEY

B Function Block Diagram

Figure 3-1 shows the function block diagram of this demonstration. The users LED and KEY are
connected to the GPIO1 controller in HPS. The behavior of GPIO controller is controlled by the
register in GPIO controller. The registers can be accessed by application software through the
memory-mapped device driver, which is built into Intel SoC Linux.

FPGA SoC DDR4: ARM Program
HPS Linux User Mode

GPIO1 — Linux Kernel Mode

Controller DDR4 Memory-mapped" '
Controller Dnver

> -
GPIO Register

Figure 3-1 Block diagram of GP1O demonstration

B Block Diagram of GPIO Interface

The HPS provides three general-purpose 1/0 (GPIO) interface modules. Figure 3-2 shows the block
diagram of GPIO Interface. GP10[28..0] is controlled by the GP1OO0 controller and GPIO[57..29] is
controlled by the GPIO1 controller. GP10[70..58] and input-only GPI1[13..0] are controlled by the
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GPI0O2 controller.

gpio_rst_n[n] GPIO Interface

~ Reset _rst_ )
W iupi;'&ii' > B
, ,:.,,1 ) #} I

HPS_DIRECT_SHARED_Q1 [12:1] <—— gy Regi
HPS_DIRECT_SHARED_Q2 [12:1] 4——> Uhiilacis oakter

HPS_DIRECT_SHARED_Q3 [12:1] «——> gy
HPS_DIRECT_SHARED_Q4 [12:1] > (sl )

HPS_DIRECT [17:4] «—> (eI EY

, L4 Peripheral Bus I g
) 7

Figure 3-2 Block diagram of GPIO Interface

B GPIO Register Block

The behavior of 1/0 pin is controlled by the registers in the register block. There are three 32-bit
registers in the GP1O controller used in this demonstration. The registers are:

e gpio_swporta_dr: write output data to output 1/0 pin

e gpio_swporta_ddr: configure the direction of 1/O pin

e gpio_ext_porta: read input data of I/O input pin

The gpio_swporta_ddr configures the LED pin as output pin and drives it high or low by writing
data to the gpio_swporta_dr register. The first bit (least significant bit) of gpio_swporta_ddr
controls the direction of first 10 pin in the associated GPIO controller and the second bit controls
the direction of second 10 pin in the associated GPIO controller and so on. The value "1" in the
register bit indicates the 1/O direction is output, and the value "0" in the register bit indicates the I/O
direction is input.

The first bit of gpio_swporta_dr register controls the output value of first 1/0 pin in the associated
GPIO controller, and the second bit controls the output value of second I/O pin in the associated
GPIO controller and so on. The value "1" in the register bit indicates the output value is high, and
the value "0" indicates the output value is low.

The status of KEY can be queried by reading the value of gpio_ext_porta register. The first bit
represents the input status of first 10 pin in the associated GPIO controller, and the second bit
represents the input status of second 10 pin in the associated GPIO controller and so on. The value
"1" in the register bit indicates the input state is high, and the value "0" indicates the input state is
low.
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B GPIO Register Address Mapping

The registers of HPS peripherals are mapped to HPS base address space OxFC000000 with 64MB
size. The registers of the GPIO1 controller are mapped to the base address OXFFC02A00 with 256B
size, and the registers of the GP102 controller are mapped to the base address OxFFC02B00 with
256B size, as shown in Figure 3-3.

GPIOO GPIOO0 module 0xFFC02900 256 B
GPIO1 GPIO1 module 0xFFC02A00 256 B
GPIO2 GPIO2 module 0xFFC02B00 256 B

Figure 3-3 GPIO address map

B Software API

Developers can use the following software API to access the register of GPIO controller.
e open: open memory mapped device driver
e mmap: map physical memory to user space
e alt_read_word: read a value from a specified register
e alt write_word: write a value into a specified register
e munmap: clean up memory mapping
e close: close device driver

Developers can also use the following MACRO to access the register.
e alt_setbits word: set specified bit value to one for a specified register
e alt _clrbits_word: set specified bit value to zero for a specified register

The program must include the following header files to use the above API to access the registers of
GPIO controller.

include <stdio.h>
include <unistd.h>
include <fcntl.h>
include <sys/mman.h>
include "hwlib.h"
include "socal/socal.h"
include "socal/hps.h"

include "socal/alt_gpio.h™

B LED and KEY Control

Figure 3-4 shows the HPS users LED and KEY pin assignment for the HAN Pilot Platform. The
LED is connected to GP1O1_101 and the KEY is connected to GPIO1_104.
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Figure 3-4 Pin assignment of LED and KEY

Figure 3-5 shows the gpio_swporta_ddr register of the GPIO1 controller. The bit-0 controls the
pin direction of GPIO1_100. The bit-1 controls the pin direction of GPIO1_101, which connects to
HPS_LED, the bit-4 controls the pin direction of GPIO1_104, which connects to HPS_KEY and so
on. The pin direction of HPS_LED and HPS_KEY are controlled by the bit-1 and bit-4 in the
gpio_swporta_ddr register of the GPIO1 controller, respectively. Similarly, the output status of
HPS_LED is controlled by the bit-1 in the gpio_swporta_dr register of the GP1O1 controller. The
status of KEY can be queried by reading the value of the bit-4 in the gpio_ext_porta register of the
GPI101 controller.

gpio_swporta_ddr_register GPIO1 Controller

(6123 ] 22 | 8121 [B20] | Bita | 63| 62 | Bit1 | 6o

Controls the Direction of HPS_GPIO1_I00

>
Controls the Direction of HPS _GPIO1 101 (HPS_LED) .
Controls the Direction of HPS_GPIO1_IO02

Controls the Direction of HPS_GPI01_IO3
Controls the Direction of HPS_GPIO1_IO4 (HPS_KEY)

Y Y Y Y

Controls the Direction of HPS_GPIO1_1020

>
Controls the Direction of HPS_GPIO1_1021

>
Controls the Direction of HPS GPIO1 1022
>
Controls the Direction of HPS_GPIO1_1023
>

Figure 3-5 Gpio swporta ddr register in the GPIO1 controller

The following mask is defined in the demo code to control LED and KEY direction and LED’s
output value.

define USER_IO_DIR (0x00000002)

define BIT_LED  (0x00000002)

define BUTTON_MASK (0x00000010)

The following statement is used to configure the LED associated pins as output pins.
alt_setbits_word( ( virtual_base + ALT_GPIO_SWPORTA _DDR_OFST ), USER_IO DIR);

The following statement is used to turn on the LED.
alt_clrbits_word( ( virtual_base + ALT_GPIO_SWPORTA DR_OFST), BIT_LED);

The following statement is used to read the content of gpio_ext_porta register. The bit mask is used
to check the status of the key.
alt_read_word( virtual_base + ALT_GPIO_EXT_PORTA_OFST);
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B Demonstration Source Code

e Build tool: SoC EDS V18.1

e Project directory: \Demonstration\SoC\hps_gpio

e Binary file: hps_gpio

e Build command: make (‘make clean’ to remove all temporal files)
e Execute command: ./hps_gpio

B Demonstration Setup

1. Connect a USB cable to the USB-to-UART connector (J27) on the HAN Pilot Platform and the
host PC.

2. Copy the executable file "hps_gpio" into the microSD card under the **/home/root™ folder in
Linux.

3. Insert the booting micro SD card into the HAN Pilot Platform.

4. Power on the HAN Pilot Platform.

5. Launch Putty and establish connection to the UART port of Putty. Type "root" to login into
Linux.

6. Type "./hps_gpio " in the UART terminal of Putty to start the program, as shown in Figure 3-6.

Figure 3-6 Start the Program

7. HPS_LED will flash twice and users can control the user LED with push-button.
8. Press HPS_KEY to light on and off the HPS_LED.
9. Press "CTRL + C" to terminate the application.

3.2 Setup USB Wi-Fi Dongle

This section describes how to setup the Wi-Fi USB dongle under Linux, so Linux user can
wirelessly connect to the Wi-Fi AP (Access Point) through the Wi-Fi USB Dongle and finally
connect to the internet. The Wi-Fi AP is assumed to have the DHCP server capability and is
connected to the internet. You should also make sure you know the SSID and Password of the Wi-Fi
AP.
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B System Diagram

Figure 3-7 shows the block diagram of this demonstration. The Wi-Fi AP assumes you have the
DHCP server capability and is connected to the LAN (Local Area Network) or the internet. The
USB Wi-Fi Dongle connects to the Wi-Fi AP and gets an address IP from the Wi-Fi AP. Through the
Wi-Fi AP, the USB-Dongle will be able to communicate with the devices connected to the LAN or
the internet.

Figure 3-7 System diagram of USB Wi-Fi dongle

B Wi-Fi Setup Procedure

1.

Connect a USB cable to the USB-to-UART connector (J27) on the HAN Pilot Platform and the
host PC.

Connect the USB Wi-Fi Dongle into the USB port on the HAN Pilot Platform with USB
Transfer Cable.

Power on the HAN Pilot Platform.

Launch Putty to establish the connection between the UART port of the HAN Pilot Platform and
the host PC. Type "root" and then press "Enter." By pressing "Enter," you can login to Linux
without password.

Type "ifconfig wlan0 up" in the UART terminal of Putty to start wlan0 network interface.

Type "iwlist wlan0 scan | grep ESSID" in the UART terminal to search nearby Wi-Fi AP. Make
sure your Wi-Fi AP is found, as shown in Figure 3-8.
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Figure 3-8 Wi-Fi AP information

7. Type "vim [etc/wpa_supplicant/wpa_supplicant.conf” in the UART terminal to edit Wi-Fi
configuration file, as shown in Figure 3-9.

Figure 3-9 Edit Wi-Fi configuration File

8. In the configuration file, replace "Your_SSID" and "Your_ WPA-Key ASCII" with the SSID
and password for your Wi-Fi AP, in respectively, as shown in Figure 3-10.

Figure 3-10 Replace ssid and psk

9. Type "ifup wlan0" in the UART terminal to connect to the Wi-Fi AP, as shown in Figure 3-11.

10. Type "ifconfig wlan0" in the UART terminal to confirm an IP Address is assigned to wlan0
interface, as shown in Figure 3-12.

11. Make sure Wi-Fi AP is connected to the internet. Type "ping -¢ 4 www.terasic.com" in the
UART terminal to check internet connection status. If 0% packet loss is reported, it means the
connection is good, as shown in Figure 3-13.
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Figure 3-13 Type ""ping -¢ 4 www.terasic.com"

3.3 HPS GPIO Header

This demonstration shows how to use the system call with built-in GP10 driver to implement HPS
GPIO Header’s loopback. The built-in GPIO driver is included the HAN Pilot Platform LXDE
VNC Desktop BSP.

B Function Block Diagram

Figure 3-14 shows the function block diagram of the HPS GPIO Header loopback demonstration.
The built-in GPIO driver offers interfaces, to which the application can use system call such as open,
read, write to access. We can export the gpio port that we want to control, and when we export the
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gpio port, the linux system will create attribute files of the gpio port in the location
“/sys/class/gpio/gpioN/” (N is the gpio port’ number). There are two attribute files we need to know:
value and direction. The value file is used to read and write value to the gpio port (the value can
only be “0” or “1”); the direction file is used to set the gpio port’s data direction.

FPGA SoC ARM Program
HPS Linux User Mode "'; '

o

HPS GPIO GPIO2 Linux Kernel Mode

Header Controller GPIO

Driver System
¢ ’ Call

Figure 3-14 Function block diagram of HPS GP10O Header demonstration

B Function Implement

In the c code project, we need to implement five functions, described as following:
int gpio_export(unsigned int gpio);

The gpio_export function is used to export the gpio port with the specified port number as
parameter.
int gpio_unexport(unsigned int gpio);

The gpio_unexport function is used to disable the exported gpio port with the specified port number
as parameter.
int gpio_set_dir(unsigned int gpio, unsigned int out_flag);

The gpio_set dir function is used to set the gpio port’s data direction, the parameter “gpio” is the
port number you want to configure and the parameter “out flag” is value to set. Number “1” for
data out, and “0” for data in. when you use this api, it will wirte “in” or “out” to the gpio port’s
direction file. The default value of direction file is “in”.

int gpio_set_value(unsigned int gpio, unsigned int value);

The gpio_set value function is used to write data to the gpio port. The parameter “gpio” is the port
number you want to configure and then parameter “value” is the data you want to write. The value
can only be “0” or “1”. When you use the api, it will write data to the gpio port’s value file.

int gpio_get_value(unsigned int gpio, unsigned int *value);

The gpio_get value function is used to read the gpio port’s data, and the parameter “value” is used
to store the value that you read. The parameter “gpio” is the gpio port that you want to read.

All the functions are implemented in the ¢ code file, you can get more details from the ¢ code file.
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B Loopback Implement

There are four gpio ports used to loopback. They are 108, 109, 1010, 1011. The Loopback includes
two test patterns, the differences between them are data direction and test data value. In test one, we
set IO 8 up to 11 as “out”, “in”, “out”, “in” respectively, and the test data is a 32-bit value
“0x12341010”.

Described below are the loopback’s implementation procedure:

e Export gpios

e Set gpios’s data direction
e Data write and read back
e \erify the received data

Figure 3-15 shows the procedure in ¢ code, you can find it’s very clear.

gpio_export(io8);
gpio_export (io9) ;
gpio_export(ioll);
gpio_export(ioll);

printf (" LOOY ; 3 T === s=====
printf("Test 1 ; 0 11, write ita: Ox%x\n", test_datal);

// set direction
gpio_set dir(i

gpio_set dir(io%, 7);
gpio_set_dir(iol0, 1);
gpio_set_dir(ioll, 0);

foz-(i= ;-i%32; i++){A
tmp data = (unsigned int) ((test _datal>>(31-i))& )Y

gpio_set_value(iof,tmp data);
gpio_set_value(iol0,tmp_data);

gpio_get value(io9, &tmp_data) ;
recv_datal = (recv_datal<<!) |tmp_data;

gpio_get value(ioll,stmp data);
recv_dataZ = (recv_data2<<!) |tmp_data;

}
printf("Recv Data : x$x\n", recv_datal);
printf ("Recv Da : x%x\n", recv dataz);

[/ verifyl
if (recv_datalsstest_datal)({

printf("Testl IO8->I y fully\n");
jelse

printf (" 9 fai n");
if (recv_datal==test datal)({

printf (“Te: f y\n");
}else

printf("Test 10l 1011 fa n");

Figure 3-15 loopback implemented in ¢ code

B Demonstration Source Code

e Build tool: SoC EDS V18.1

e Project directory: \Demonstration\SoC\hps_gpio_loopback

e Binary file: hps_gpio_loopback

e Build command: make (‘make clean' to remove all temporal files)
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e Execute command: ./hps_gpio_loopback

B Demonstration Setup

1. Use jumper cap connect 108 to 109 and 1010 to 1011 in hps gpio header(J36) on the HAN Pilot
Platform. Figure 3-16 shows the pin location below.

J36
HPS DIOS
HPS_DIOY g 1 2 P—4ps DIO12
APS_DIO10 g g - HPS DIO13
R () D
HPS_DIOTT _{ 2 o -
9 10 p—
e 2X5 Header -

GPIO/SPI and uart ——

Figure 3-16 GPI1O Header Pin location

2. Connect a USB cable to the USB-to-UART connector (J27) on the HAN Pilot Platform and the
host PC.

3. Copy the executable file "hps_gpo_loopback™ into the microSD card under the "/home/root"
folder in Linux. (HAN Pilot Platform LXDE has pre-installed this code, so users can skip this
copy action.)

4. Insert the LXDE booting micro SD card into the HAN Pilot Platform.

5. Power on the HAN Pilot Platform.

6. Launch Putty to establish the connection between the UART port of HAN Pilot Platform and the
host PC.

7. Inthe Putty UART terminal, type "root" to login LXDE Linux with pressing Enter as password.

8. Type "cd hps_gpio_loopback” to into the folder and type “./hps_gpio_loopback” in the UART
terminal to start the program.

9. You will see the loopback test successfully in the Putty UART terminal as shown in Figure
3-17.
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Figure 3-17 Loopback test successfully

3.4 Network Socket

This demonstration shows how two remote application processes communication via socket in
client-server model. Based on this design example, developers can make their Linux Application
Software, run on SoC FPGA boards and easily communicate with other hosts via a network socket.

B Sockets

Sockets are the fundamental technology for programming software to communicate on the transport
layer of networks shown in Figure 3-18. A socket provides a bidirectional communication endpoint
for sending and receiving data with another socket. Socket connections normally run between two
different computers on a LAN, or across the Internet, but they can also be used for interposes
communication on a single computer.

Server Program Client Program

Transport Layer Transport Layer
I I
Network Layer Network Layer
I I
Data Link Data Link
Layer Layer
I I
Physical Layer Physical Layer

I |

Figure 3-18 Communicate on a network via a socket
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B Client Server Model

Most intercrosses’ communication uses the client server model. These terms refer to the two
processes which will be communicating with each other. One of the two processes, the client,
connects to the other process, the server typically to makes a request for information. A good
analogy is a person who makes a phone call to another person.

Notice that the client needs to know of the existence of and the address of the server, but the server
does not need to know the address of (or even the existence of) the client prior to the connection
being established.

Notice also that once a connection is established, both sides can send and receive information.

The system calls for establishing a connection which is somewhat different for the client and the
server, but both involve the basic construct of a socket. A socket is one end of an intercross’s
communication channel. The two processes each establish their own socket. Figure 3-19 shows the
communication diagram between the client and server.

Client Server

Listen
Connection

Accept R

—p Read + Await Connection
. Request from
v i Next Client

Read [[TEEEEEEEN \\/rite

v : :

Figure 3-19 Client and Server communication
The steps involved in establishing a socket on the client side are as follows:

o Create a socket with the socket() system call

e Connect the socket to the address of the server using the connect() system call

e Send and receive data. There are a number of ways to do this, but the simplest is to use the
read() and write() system calls.

The steps involved in establishing a socket on the server side are as follows:

o Create a socket with the socket() system call
e Bind the socket to an address using the bind() system call. For a server socket on the
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Internet, an address consists of a port number on the host machine.

e Listen for connections with the listen() system call

e Accept a connection with the accept() system call. This call typically blocks until a client
connects with the server.

e Send and receive data. There are a number of ways to do this, but the simplest is to use the
read() and write() system calls.

B Example Code Explanation

The example design contains two projects. One is socket server project, and one is socket client
project. The SOCK_STREAM socket type is used in the design. The Linux Socket Library is used
to provide socket functions, so remember to include the socket API header file — socket.h.

The major function of socket server program is to create a socket server based on the given port
number and waiting a client to request to establish a connection. When a connection is established,
the server is waiting for an incoming text message. When a message is received, it will show the
receiver message on the console terminal, then send the message “I got your message” to the client
socket, and then close the server program. Figure 3-20 shows the socket relative code statement. In
the program, socket API is used to create a SOCK_STREAM socket, bind API is used to bind the
socket to any incoming address and a specified port number. For connection, listen API is used to
make the socket as a passive socket that is, as a socket that will be used to accept the incoming
connection, and accept API is used to accept the incoming connection. The accept blocks until a
client connects with the server. Data receiving and sending is implemented by the read and write
API, and close is used to close the socket.

sockfd = socket(AF INET, SOCK STREAM, 0);
if (sockfd < 0)
error ("ERROR opening socket");
bzero((char *) &serv_addr, sizeof(serv_addr));
portno = atoi(argv([l]);
serv_addr.sin family = AF INET;
serv_addr.sin_addr.s_addr = INADDR ANY;
serv_addr.sin_port = htons(portno) ;
if (bind(sockfd, (struct sockaddr *) &serv_addr,
sizeof (serv_addr)) < 0)
error ("ERROR on binding");
listen(sockfd, ) ;
clilen = sizeof(cli_addr);
newsockfd = accept (sockfd,
(struct sockaddr *) &cli_addr,
&clilen) ;

if (newsockfd < ()

error ("ERROR on accept");
bzero (buffer, s
n = read(newsockfd,buffer, iz
if (n < 0) error("ERROR reading from socket");
printf("Here is the me s\n" ,buffer) ;
n = write(newsockfd,"I c your message",18);
if (n < 0) error("ERROR writing to socket");
close (newsockfd) ;
close(sockfd) ;

Figure 3-20 Socket Server Code

The major function of the socket client program is to create a connection based on given hostname
(or IP address) and host port. When a connection is established, it will show “Please enter the
message:” message on console terminal to ask users to input a message. After get user’s input
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message, the message is sent to a remote socket server via the socket. If the remote server socket
received the message, it will return a message “I got the message”. The client program will show
the received message on the console terminal and exit the program. Figure 3-21 shows the socket
relative code statement. In the program, socket API is used to create a SOCK_STREAM socket,
connect API is used to connect the remove socket sever based on the given hostname (or IP4v
Address) and port number. Data receiving and sending is implemented by read and write API, and
close is used to close the socket.

sockfd = socket (AF_INET, SOCK_STREARM, 0);
ir (sockfa < )
error (" OR opening socket");
server = qethostbyname(argv[ 3 )
if (server == NULL) {
fprintf (stderr,"ERROR, no such host\n");
exit(0) ;
}
bzero((char *) &serv_addr, sizeof(serv_addr));
serv_addr.sin fam1ly AF INET;
bcopy((vhd_ *) server->h | addr
(char *)&serv_ adar 31n_aadr.s_addr,
server->h length);
serv_addr.sin port = htons(pErtno)
if (connect(sockfd (Jt racE sockaddr *) &serv_addr,sizeof(serv_addr)) < 0)
error( RROR nn ¢
printf ("E se enter the message: '
bzero(buffer, )iz
fgets (buffer, ,stdin) ;
n = write(sockfd,buffer,strlen(buffer));
I (n < 0)
error ("ERROR writing to socket");
bzero (buffer, )iz
n = read(sockfd,buffer,255);
if (n <6)
error( OR reading from socket"):;
printf("%s\1 buffer)
close(sockfd)

Figure 3-21 Socket Client Code

B Demonstration Source Code

The source code of the design example is located in the Demonstration folder as shown in Figure
3-22. The Demonstration folder contains three platform subfolders: arm, linux and windows. The
project under the arm folder is designed for SoC FPGA board. The project under linux folder is
designed for Linux running on Linux PC. The project under windows folder is designed for SoC
EDS Shell running on Windows PC. Each platform subfolder contains socket client and
socket_server project folders.
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Demonstration
SoC
network_socket

arm
socket client
socket_server

linux
socket_client
socket_server

windows
socket _client

socket_server

Figure 3-22 Source Code Folder Tree

The socket_client project includes a Makefile and a source file main.c. For different platforms, the
Makefile content is different, but the main.c content is the same. The socket_server project has the
file project architecture.

B Demonstration Setup

Here we show the procedure to execute the socket client-server communication demonstration. In
this setup procedure, the server program is running to Intel SoC FPGA board and the Socket Client
is running on Windows PC.

1.
2.

© N O

Connect the HAN Pilot Platform to Network via Ethernet port (J25).

Connect a USB cable to the USB-to-UART connector (J27) on the HAN Pilot Platform and the
host Windows PC.

Copy the executable file “socket server” into the microSD card under the "/home/root" folder
in Linux. (HAN Pilot Platform LXDE has pre-installed this code, so users can skip this copy
action.)

Insert the LXDE booting micro SD card into the HAN Pilot Platform.

Power on the HAN Pilot Platform.

In Windows, launch the Putty to connect HAN Pilot Platform via the UART-to-USB port.

In the Putty, type "root" to login LXDE Linux.

Type " ./socket_server 2020" to launch the server program with port number 2020 as shown in
Figure 3-23. The port number can be any value between 2000 and 63500.

Figure 3-23 Start Socket Server
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Here is the procedure to start the socket client program and communicate with the client server

program:

1. Make sure the SoC EDS is installed on your Windows and the Windows is connected to a
network.

2. Copy the client program (windows/socket_client/socket_client.exe) in the example kit to your
Windows.

3. Launch the SoC EDS Command Shell.

4. In the command shell, change the current directory to the directory where socket_client.exe is
located.

5. Then, type “./socket client <ip address> 2020” to launch the client program to connect to the

6.

host server with port number 2020 as shown in Figure 3-24.

btdai@daibitao

$ . /socket cllent.é\e 19° 168 2 “1 20“0

Figure 3-24 Start Client Program

If connection is established successfully, a prompt message “Please enter the message.” will
appear. Type “hello”, then an echo message “I got your message” will be sent from the client
server and shown on terminal as shown in Figure 3-25. At the same time, the socket server
program will dump the received message at which point it is terminated as shown in Figure
3-26.

btdail@daibitao

/socket cllenf‘ete 199 168 2 °7 °0°0

Please enter the message: hello
I got your message

btdai@daibitao

Figure 3-25 Send Message in Client Program

Figure 3-26 Server dumps received message
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Chapter 4
Examples for Using both
HPS SoC and FPGA

This Chapter demonstrates how to use the HPS/ARM to communicate with FPGA. We will
introduce the GHRD project for HAN Pilot Platform development board. And we develop one
ARM C Project which demonstrates how HPS/ARM program controls the two LEDs connected to
FPGA. We will show how HPS controls the FPGA LED through Lightweight HPS-to-FPGA Bridge.
The FPGA is configured by HPS through FPGA manager in HPS.

4.1 Required Background

This section pre-assumed the developers have the following background knowledge:

B FPGARTL Design

e Basic Quartus Prime operation skill

e Basic RTL coding skill

e Basic Qsys operation skill

e Knowledge about Memory-Mapped Interface

B C Program Design

e Basic SoC EDS (Embedded Design Suite) operation skill

e Basic C coding and compiling skill

e  Skill to Create a Linux Boot SD-Card for HAN Pilot Platform with a given image file

e  Skill to boot Linux from SD-Card on HAN Pilot Platform Skill to copy files into Linux file
system on HAN Pilot Platform Basic Linux command operation skill

4.2 System Requirements

Before starting this tutorial, please note that the following items are required to complete the
demonstration project:

B Terasic HAN Pilot Platform, includes

e Mini USB Cable for UART terminal

e Micros SD-Card, at 4GB minimum

e Micros SD-Card Card Reader
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B Ax86PC

e Windows 10 64bit operation system Installed
e One USB Port

e Quartus Prime 18.1 or Later Installed

e SoC EDS 18.1 or Later Installed

e Win32 Disk Imager Installed

4.3 AXI bridges in Intel SoC FPGA

In Intel SoC FPGA, the HPS logic and FPGA fabric are connected through the AXI (Advanced
extensible Interface) bridge. For HPS logic to communicate with FPGA fabric, Intel system
integration tool Platform Designer should be used for the system design to add HPS component.
From the AXI master port of the HPS component, HPS can access those Qsys components whose
memory-mapped slave ports are connected to the master port.

The HPS contains the following HPS-FPGA AXI1 bridges.

e FPGA-to-HPS Bridge
e HPS-to-FPGA Bridge
e Lightweight HPS-to-FPGA Bridge

Figure 4-1 shows a block diagram of the AXI bridges in the context of the FPGA fabric and the L3
interconnect to the HPS. Each master (M) and slave (S) interface is shown with its data width(s).
The clock domain for each interconnect is noted in parentheses.

FPGA Fabric
i 32 Bit i
[t W =gl
M 32 Bits 32 Bits S
AXI S (14_mp_clk) (14_mp_clk) S AXI
AHB . [ AHB
M M M
(GPV) AHB  AXI  AHB (GPV)
HPS-to-FPGA Bridge Lightweight FPGA-to-HPS Bridge
HPS-to-FPGA Bridge
S S M
AXI AXI AXI
Tm Bits i ‘ ‘[32 Bits ' : 64 BitsI
(13_main_clk) (14_mp_clk) (13_main_clk)
M M S
AXI AXI AXI
(L3 Main Switch) (L3 Slave Peripheral Switch) (L3 Main Switch)

L3 Interconnect

Figure 4-1 AXI Bridge Block Diagram

The HPS-to-FPGA bridge is mastered by the level 3 (L3) main switch and the lightweight
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HPS-to-FPGA bridge is mastered by the L3 slave peripheral switch.

The FPGA-to-HPS bridge masters the L3 main switch, allowing any master implemented in the
FPGA fabric to access most slaves in the HPS. For example, the FPGA-to-HPS bridge can access
the accelerator coherency.

All three bridges contain global programmer view GPV register. The GPV register control the
behavior of the bridge. It is able to access to the GPV registers of all three bridges through the
lightweight HPS-to-FPGA bridge.

This Demo introduces to users how to use the HPS/ARM to communicate with FPGA. This project
includes GHRD project for the HAN Pilot Platform one ARM C Project which demonstrates how
HPS/ARM program controls the LEDs connected to FPGA.

4.4 GHRD Project

The term GHRD is short for Golden Hardware Reference Design. The GRD project provide by
Terasic for the HAN Pilot Platform is located in the CD folder: CD-ROM\ Demonstration\
SOC_FPGA\ al0s_ghrd.
The project consists of the following components:

e ARM Cortex™-A9 MP Core HPS

e Two user push-button inputs

e Two user DIP switch inputs

e Two user I/O for LED outputs

e 256 KB of on-chip memory

e JTAG to Avalon master bridges

e Interrupt capturer for use with System Console

e System ID
The memory map of system peripherals in the FPGA portion of the SoC as viewed by the MPU
starts at the lightweight HPS-to-FPGA base address 0xFF20_0000. The MPU can access these
peripherals through the Address offset setting in the Qsys. User can open the GHRD project with
Quartus Software. Then open the alOs_ghrd.gsys file with the Qsys tool. Figure 4-2 lists the
address map of the peripherals which are connected to the lightweight HPS-to-FPGA.

— T

- f of| System Contents & 1 Interconnect Requirements Cf.?l

System: del0_advanced ghrd Path: arrialthps. h2f_lv_axi_master

X K
........ hps_n.naster pb_lwh2f. =0
ILC. avalon_slave i ) |0x0000 - 0x00£f£
arrialQ_hps. f2sdram0_... | | |.] | |
arrialQ_hps. f2h axi_s... | | | | | 0x0000 0000 - Oxffff ££££|
jbutton_pio. sl TTTTd 10x0110 - 0x011f

dipsw_pio. sl

led_pio. sl B

lonchip_nemory2. sl

pb_lvh2f.s0 IHEEN L ; :
sysid_gsys. control_slave = 10x0130 - 0x0137
TECT e R

Isysid_gsys.control sl... | [.] [.]
ed_pio.sl via pb_lwh2f S FE

dips¥_pio.sl via pb L.. | [.| [.]

button pio.sl via pb ... | .| |.|

10x0100 - 0x010f
10x0120 - 0x012f

Controllers
erals

Figure 4-2 FPGA peripherals address map

All the Avalon Conduit signals of these peripherals are connected to the 1/0O pins of the SoC FPGA
on HAN Pilot Platform as shown in the Figure 4-3.
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77 UART
.hps_io_hps_io_phery_uartl_RX (HPS_RXD) , .hps_io_phery_t

.hps_io_hps_io_phery_uartl_TX (HPS_TXD), .hps_io_phery_t
// 12C

.hps_io_hps_io_phery_i2c0_SDA (HPS_I2CO_SDAT), [/ .hps_io_phery_’
.hps_io_hps_io_phery_i2c0_sCL (HPS_I2C0_SCLK), .hps_io_phery_:
// GPIO

.hps_io_hps_io_gpio_gpiol_iol (HPS_LED), L/ hps_io_gpio_gg
.hps_io_hps_io_gpio_gpiol_iod (HPS_KEY) , .hps_io_gpio_g;
.hps_io_hps_io_gpio_gpio2_io8 (HPS_GPIO[0]) .hps_io_gpio_gp*
.hps_io_hps_io_gpio_gpio2_io9 (HPS_GPIO[1]) [/ .hps_io_gpio_gp"
.hps_io_hps_io_gpio_gpio2_iol0 (HPs_GPIO[2]), .hps_io_gpio_gpic
.hps_io_hps_io_gpio_gpio2_ioll (HPS_GPIO([3]) .hps_io_gpio_gpi¢
.led_pio_external_connegtion_export (LED), led_pio_external_connection, export
.button_pio_external_cofinection_export (fpga_debounced_buttons), butte io_external_connection.export
.dipsw_pio_external_conhection_export (sw), dipsw_pio_external_connection.export

Figure 4-3 Connection in the top design

4.5 Compile and Programming

In the Platform Design tool, click the menu item “Generate Generate...” to generate source code for
the system and then close the Qsys tool. Now, users can start the compile process by clicking the
menu item “Processing Start Compilation”.

When the compilation process is completed successfully, alOs.sof is generated in the
al0s_ghrd\output_files folder. Users can use this file to configure FPGA by Quartus Programming
through the HAN Pilot Platform on-board USB-Blaster I1.

4.6 Develop the C Code

This section introduces how to design an ARM C program to control the led_pio PIO controller.
SoC EDS is used to compile the C project. For ARM program to control the led_pio PIO
component, led_pio address is required. The Linux built-in driver ‘/dev/mem’ and mmap
system-call are used to map the physical base address of led _pio component to a virtual address
which can be directly accessed by Linux application software.

B LED PIO Address

The led_pio component information is required for ARM C program as the program will attempt to
control the component. This section describes how to get led pio’s address.

You can get led pio’s address from gsys’s Address Map dialog box. Figure 4-4 shows led pio’s
address in Address Map. You can define a macro for the address when you use it.
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. e System Contents 23 " Interconnect Requirements &2

System: del0_ advanced ghrd Path: arrialQ_hps. h2f lw_axi_master

¢ K

........ hps_=. master pb_lwh2f. m0
ILC. avalon_slave \ ‘ 0x0000 - OxO00££
arrial0_hps. f2sdram0_. ENl
arrial0 hps t2h_axi_s. ‘ 0x0000 0000 — Oxffff ffff

6x011o - OxOllf

e

Uxul20 - 0x012f l

[pb_ 1wh2f s0 led o4 :
sysid_gsys. control _slave [ | [ | [ 10x0130 - 0x0137

ILC. avalon_slave via ... =
sysid _gsys.control sl... | [.| [.
led pio. sl via pb_ lvhzf 2
1psw__plo sl vta pb_l.. =
utton_p:.o sl via pb_. !

Flgu re 4- 4 PIO led address in Qsys’s Address Map

B Map LED_PIO Address

This section will describe how to map the led_pio physical address into a virtual address which is
accessible by an application software. Figure 4-5 shows the C program to derive the virtual address
of led_pio base address. First, open system-call is used to open memory device driver “/dev/mem”,
and then the mmap system-call is used to map HPS physical address into a virtual address
represented by the void pointer variable virtual_base. The demo code maps the physical base
address (HW_REGS_BASE = 0xfc000000) of the peripheral region into a based virtual address
virtual_base. For any controller in the peripheral region, users can calculate their virtual address by
adding their offset relative to the peripheral region to the based virtual address virtual _base. Based
on the rule, the virtual address of led_pio can be calculated by adding the below two offset
addresses to virtual_base.

e Offset address of Lightweight HPS-to-FPGA AXI bus relative to HPS base address

e  Offset address of Pio_led relative to Lightweight HPS-to-FPGA AXI bus
The first offset address is Oxff200000 which is defined as a constant
ALT_FPGA_BRIDGE_LWH2F_OFST in the header hps.h. The hps.h is a header of SoC EDS. It is
located in the Quartus installation folder: D:\ IntelFPGA\ 18.1\ embedded\ ip\ altera\ hps\
altera_hps\ hwlib\ include\ soc_al0\socal.
The second offset address is 0x120 which is led pio’s address defined as LED PIO_BASE in the C
code file.
The virtual address of led_pio is represented by a void pointer variable h2p Iw_led addr.
Application program can directly use the pointer variable to access the registers in the controller of
LED_PIO.
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) :

if( virtual bage == MAP FAILED ) {

printf( "E!
return( ):

= !‘L‘Y‘a“( NULL, rM REGS _SPAN,

printf( g
printf( "

close( fd );
return( ):

,HW_REGS BASE) ;

( PROT_RERD | PROT_WRITE ), MAP_SHARED, fd,:

e 5

", strerror(errno) );

h2p_'.w_led_addr ( ( unsigned

if( (fd = 'Jpn:n( '/ dev ", (ORDWR | O_SYNC ) ) ) == -1 ) {

B 5

ng ) ( ALT_FPGA_BRIDGE_LWH2F_OFST + LED PIO BASE ) & ( unsigned long)

Figure 4-5 LED PIO memory map code

B LED Control

C programmers need to understand the Register Map of the P10 core for LED_PI10O before they can
control it. Figure 4-6 shows the Register Map for the PIO Core. Each register is 32-bit width. For
detail information, please refer to the datasheet of PIO Core. For led control, we just need to write
output value to the offset O register. Because the led on HAN Pilot Platform is low active, writing a
value 0x00000003 to the offset O register will turn off the two LEDs. Writing a value 0x00000000
to the offset O register will turn on the two LEDs. In C program, writing a value 0x00000000 to the
offset O register of led_pio can be implemented as:
*(uint32_t *) h2p_lw_led_addr= 0x00000000;

The state will assign the void pointer to a uint32_t pointer, so C compiler knows write a 32-bit value
0x00000000 to the virtual address h2p_Iw_led_addr.

Fields
Offset Register Name RW
(n-1) 2 1 0
0 i read access R Data value currently on P10 inputs.
ata
write access w New value to drive on PIO outputs.
1 divactian #) AW Individual direction control for each 1/0 port. A value of 0 sets the
Hreesian direction to input; 1 sets the direction to output.
, ; IRQ enable/disable for each input port. Setting a bit to 1 enables
2 interruptmask (7) RW interrupts for the corresponding port.
3 edgecapture (1), (2) R/W Edge detection for each input port.
4 outset W Specifies which bit of the output port to set.
5 outclear w Specifies which output bit to clear.

[asic]
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Figure 4-6 Register Map of PIO Core
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B Main Program

In the main program, the LED is controlled to perform LED light shifting operation as shown in
Figure 4-7. When finishing 60 times of shift cycle, the program will be terminated.

// toggle the LEDs a bit

loop count =

led mask =

led:direction = 0; // 0: left to right direction
while( loop count < €0 ) {

// control led
*(uint32 t *)h2p 1w led addr = ~led mask;

// wait 100ms
usleep( 100*1 ¥

// update led mask

if (led direction == 0){
led mask <<=
if (led mask == (0x0l << (LED_PIO DATA WIDTH-1)))
led direction =
lelse{
led mask >>=
if (led mask == 0x01)({
led direction =
loop_count++;
}
}
} // while

Figure 4-7 C Program for LED Shift Operation

B Makefile and compile

Figure 4-8 shows the content of Makefile for this C project. The program includes the head files
provided by SoC EDS. In the Makefile, ARM-linux cross-compile also be specified.

TARGET = hps_fpga_led

ALT_DEVICE_FAMILY ?
DS_RCOT 2= 5(S DS_DEST_ROOT)

HWLIBS ROOT = $(SOCEDS_ROOT)/ip/altera/hps/altera_hps/hwlib

CMPILE = arm-linux-gnueabihf-

-g -Wall -D$ (ALT_DEVICE_FAMILY) -IS(HWLIBS_RCCT)/inClude/S(ALT_CEVICE_FAFILY) -I$(HWLIBS_RCOT)/include/
LDFLAGS = -g -Wall

CC = $(CROSS_COMPILE)gccC

ARCH=m arm

soc_alol

ld: §(TARGET)
T : main.o

$(CC) $(LDFLAGS) $~ ~o $@
< T 3o

$(CC) $(CFLAGS) -c $< -o $@

: clean
rm -f $(TARGET) *.a *.0 *~

Figure 4-8 Makefile content

To compile the project, type “make” in the command shell as shown in Figure 4-9. Then, type “ls”
to check the generated ARM execution file “hps_fpga led”.
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Figure 4-9 ARM C Project Compilation

B Execute the Demo

To execute the demo, please boot the Linux from the SD-card in HAN Pilot Platform. Copy the
execution file “hps fpga led” to the Linux directory, and type “chmod +x hps fpga led” to add
execution attribute to the execute file. Then, type “./ hps_fpga led” to launch the ARM program.
The LED[1:0] on HAN Pilot Platform will be expected to perform 60 times of LED light shift
operation, and then the program is terminated.

For details about booting the Linux from SD-card, please refer to the document:
Getting_Started Guide.pdf
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Chapter 5
PC/ Express Design for

Windows

PCI 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. Arria 10 Hard IP for PCI
Express with Avalon-MM DMA IP is used in this demonstration. For detail about this IP, please
refer to Altera document ug_al0_pcie_avmm_dma.pdf.

5.1 PCIl Express System Infrastructure

Figure 5-1 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
Arria 10 Hard IP for PCI Express with Avalon-MM DMA.. The application software on the PC side
is developed by Terasic based on Intel’s PCle kernel mode driver.

FPGA ‘ Windows
.
‘IIIIIIIIIIII‘ |

Interconnection Fabric for L
Avalon Memory-Mapped Interface

N -

E_AVMM.DLL

Arria 10 Hard IP for
PCI Express with
Avalon-MM DMA

A Kernel Mode

altera_pcie_win_driver.sys

4+

Figure 5-1 Infrastructure of PCI Express System
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https://www.intel.com/content/dam/altera-www/global/en_US/pdfs/literature/ug/ug_a10_pcie_avmm_dma.pdf

5.2 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 XP/7/10. The SDK is located in the
"CDROM\Demonstrations\PCle_SW_KIT\Windows" folder which includes:

e PCI Express Driver

e PCI Express Library

e PCI Express Examples

The kernel mode driver assumes the PCle vendor ID (VID) is 0x1172 and the device ID (DID) is
OxEO003. 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_AVMM.DLL.
This file is a 64-bit DLL. With the DLL is exported to the software API, users can easily
communicate with the FPGA. The library provides the following functions:

e Basic data read and write

e Data read and write by DMA

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

5.3 PCI Express Software Stack

Figure 5-2 shows the software stack for the PCI Express application software on 64-bit Windows.
The PCle library module TERASIC_PCIE_AVMM.dII provides DMA and direct 1/0 access for 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.

64-bits Windows

User Application
TERASIC_PCIE_AVMM.DLL

User Mode
Kernel Mode

altera_pcie_win_driver.sys ]4_ altera_pcie_win_driver.inf

Figure 5-2 PCI Express Software Stack
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B Install PCI Express Driver on Windows

The PCle driver is locate in the folder:

CDROM\Demonstrations\PCle_SW_KIT\Windows\PCle_Driver

The folder includes the following four files:

e Altera_pcie_win_driver.cat
e Altera_pcie_win_driver.inf
e Altera_pcie_win_driver.sys
e WidfCoinstaller01011.dll

To install the PCI Express driver, please execute the steps below:

no

Make sure the HAN Pilot Platform and the PC are both powered off.

Set MSEL[2:0] to 010.

Plug the PCle adapter card into the PCle slot on the PC motherboard. Use the PCle cable to
connect to the HAN Pilot Platform PCIE connector and the PCle adapter card (See Figure 5-3)

BEMEE  gan Pitot Platform

Figure 5-3 FPGA board connect to PC

Power on your HAN Pilot Platform and the host PC.

Make sure Altera Programmer and USB-Blaster 11 driver are installed

Execute test.bat in "CDROM\Demonstrations\PCle_Fundamental\demo_batch" to configure the
FPGA

Restart windows operation system

Click Control Panel menu from Windows Start menu. Click Hardware and Sound item before
clicking the Device Manager to launch the Device Manager dialog. There will be a PCI Device
item in the dialog, as shown in Figure 5-4. Move the mouse cursor to the PCI Device item and
right click it to select the Update Driver Software... item.
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Figure 5-4 Screenshot of launching Update Driver Software... dialog

9. In the How do you want to search for driver software dialog, click Browse my computer for
driver software item, as shown in Figure 5-5.

[:asic]
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N

[l Update Driver Software - PCI Device

How do you want to search for driver software?

= Search automatically for updated driver software
‘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 5-5 Dialog of Browse my computer for driver software
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10. In the Browse for driver software on your computer dialog, click the Browse button to specify
the folder where altera_pcie_win_driver.inf is located, as shown in Figure 5-6. Click the Next
button

@ [l Update Driver Software - PCI Device
Browse for driver software on your computer

Search for driver softweare in this location:
C:4PCle_Driver " Browwse.., ’

Include subfalders

% Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver

software in the same category as the device,

Figure 5-6 Browse for driver software on your computer

11. When the Windows Security dialog appears, as shown Figure 5-7, click the Install button.

(=
&) i Update Driver Software - PCI Device
Installing driver software...
— |
[ Windowes Security @
Would you like to install this device software?
= Mame: Sltera Corporation &ltera PCI Device
A Fublisher: ltera Corporation
==
[T Always trust software from "Altera Corporation”. ( [ Install D[ Den't Install
"\ij' You should enly install driver software from publishers you trust. How can [ decide
which device software is safe to install?
Figure 5-7 Click Install in the dialog of Windows Security
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12. When the driver is installed successfully, the successfully dialog will appear, as shown in
Figure 5-8. Click the Close button.

s
n,\;j | Update Driver Software - Altera PCIAPI Driver
Windows has successfully updated your driver software
Windows has finished installing the driver software for this dewvice:
.L" Altera PCIAPL Driver
—

Figure 5-8 Click Close when the installation of Altera PCI API Driver is complete

13. Once the driver is successfully installed, users can see the Altera PCI API Driver under the
device manager window, as shown in Figure 5-9.

= Device Manager
File Action View Help

& | @ HE & B&RS
4 = User-PC

v A!tera PCI Device
{&* Altera PCIAPI Driver

& Computer

¢ Disk drives

& Display adapters

o4 DVD/CD-ROM drives

g IDE ATA/ATAPI controllers

@ JTAG cables

L¥ Network adapters

" Ports (COM & LPT)
D Processors

% Sound, video and game controllers
1M System devices

@ Universal Serial Bus controllers

Figure 5-9 Altera PCI API Driver in Device Manager
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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:

e TERASIC_PCIE_AVMM.h

e TERASIC_PCIE_AVMM.dII (64-bit dll)

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

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

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

3. Copy TERASIC_PCIE_AVMM.dII to the folder where the project.exe is located.
4

Dynamically load TERASIC_PCIE_AVMM.dII 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_AVMM.dII API. The details of API are described below.

5.4 PCl Express Library API

Below shows the exported API in the TERASIC_PCIE_AVMM.dII. The API prototype is defined in
the TERASIC_PCIE_AVMM.h.
Note: the Linux library terasic_pcie_gsys.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 number.
Prototype:

PCIE_HANDLE PCIE_Open(

uintl6é_t wVendorlD,

uintl6_t wDevicelD,

uintl6_t wCardNum);

Parameters:

w\VendorID:

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.
wCardNum:

Specify the matched card number, a zero based index, based on the matched vendor ID and device
ID.

Return Value:
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Return a handle to presents 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

Function:
Close a handle associated to the PCle card.

Prototype:
\void PCIE_Close(
PCIE_HANDLE hFPGA);

Parameters:
hFPGA:
/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 hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint32_t *pdwData);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.
PciBar:

Specify the target BAR.

PciAddress:

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:
bool PCIE_Write32(
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PCIE_HANDLE hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint32_t dwData);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

PciBar:

Specify the target BAR.

PciAddress:

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 hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint8_t *pByte);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.
PciBar:

Specify the target BAR.

PciAddress:

Specify the target address in FPGA.

pByte:

/A buffer to retrieve the 8-bit data.

Return Value:
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 hFPGA,
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PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint8_t Byte);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

PciBar:

Specify the target BAR.

PciAddress:

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.
Maximal read size is (4GB-1) bytes.

Prototype:

bool PCIE_DmaRead(

PCIE_HANDLE hFPGA,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pBuffer,

uint32_t dwBufSize

);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

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.

dwBuUfSize:

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:
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bool PCIE_DmaWrite(

PCIE_HANDLE hFPGA,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pData,

uint32_t dwDataSize

);

Parameters:

hFPGA:

/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.
dwDataSize:

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:

bool PCIE_ConfigRead32 (
PCIE_HANDLE hFPGA,
uint32_t Offset,

uint32_t *pData32

);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

Offset:

Specify the target byte of offset in PCle configuration table.
pData32:

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

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

5.5 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 DMA.

IC HAN Pilot Platform 79 www.terasic.com
as Demonstration Manual October 8, 2019

www.terasic.com




B Demonstration Files Location

The demo file is located in the batch folder:
CDROM\Demonstrations\ PCle_Fundamental\demo_batch

The folder includes following files:
e FPGA Configuration File: PCle_Fundamental.sof
e Download Batch file: test.bat
e Windows Application Software folder: windows_app, includes
e PCIE_FUNDAMENTAL.exe
e TERASIC _PCIE_AVMM.DLL

B Demonstration Setup

1. Set MSEL[2:0] to 010.
2. Install the FPGA board on your PC as shown in Figure 5-10.

Figure 5-10 FPGA board connect to PC

3. Configure FPGA with PCle_Fundamental.sof by executing the test.bat.

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

5. Restart Windows

6. Make sure the Windows has detected the FPGA Board by checking the Windows Control panel
as shown in Figure 5-11.
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= Device Manager

File Action View Help

T s B &R &S

4 4 User-PC

a¥ Altera PCIDevice
L¥ Altera PCIAPI Driver

& Computer

¢ Disk drives

& Display adapters

g DVD/CD-ROM drives

(g IDE ATA/ATAPI controllers

@ JTAG cables

L¥ Network adapters

'S Ports (COM & LPT)
3 Processors

% Sound, video and game controllers
/M System devices

@ Universal Serial Bus controllers

Figure 5-11 Screenshot for PCle Driver

7. Goto windows_app folder, execute PCIE_FUNDAMENTAL.exe. A menu will appear as shown
in Figure 5-12.

1| ChUsers\AdministratorDesktoptDELO-Advanced\PCle_Fundamental\demo_batch\windows_app\P...

: Led control
: Button Status Read

: DMA Memory Test
[291:

Plesae input your selection:

=1 | B <

Quit

Figure 5-12 Screenshot of Program Menu

8. Type 0 followed by a ENTER key to select Led Control item, then input 15 (hex 0xOf) will
make all led on as shown in Figure 5-13. If input O (hex 0x00), all led will be turn off.

[:asic]
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B ChUsers\AdministratorDesktoph\DELO-Advanced\PCle_Fundamentalhdemo_batch\windows_app\P... | = || [=1 || £3

Terasic: PCle Demo Program ==

: Led control
[11: Button Status Read
[21: DMA Memory Test
[?2]1: Quit
Plesae input your selection:-@
Flease input led conrel mask:15

Led control success. mask

Led control
[11: Button Status Read
[2]1: DMA Memory Test
[?2]1: Quit
Plezae input your selection:

Figure 5-13 Screenshot of LED Control

9. Type 1 followed by an ENTER key to select Button Status Read item. The button status will be
report as shown in Figure 5-14.

B Ch\Users\Administrator\Desktop\DE10-Advanced\PCle_Fundamental\demeo_batch\windows_app\P... | = || =] || 28

Led control
: Button Status Read
: DMA Memory Test
@ Quit
Plezae input your selection:@

Led control

: Button Status Read
: DMA Memory Test
Quit
Plesae input your selection:l

Led control
: Button Status Read
: DMA Memory Test
Quit
Plezae input your selection:

Figure 5-14 Screenshot of Button Status Report

10. Type 2 followed by an ENTER key to select DMA Testing item. The DMA test result will be
report as shown in Figure 5-15.
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B ChUsers\Administrator\Desktop\DE10-Advanced\PCle_Fundamental\demo_batch\windows_app\P... | = || B || &3

Plesae input your selection:=@
Please input led conrol m

: Led control
[11: Button Status Read
[2]1: DMA Memory Test
[22]1: Quit
Plesae input your selection:l
Button status mask:=8h

: Led control
: Button Status Head
: DMA Memory Test
I Quit
Plezae input your selection:2
DMA—Memory (Size = 524288 byes) pass

: Led control
: Button Status Read
: DMA Memory Test
= Quit
Pleszae input your selection:

Figure 5-15 Screenshot of DMA Memory Test Result

11. Type 99 followed by an ENTER key to exit this test program

B Development Tools

e Quartus Prime 18.1 Standard Edition
e Visual C++ 2012

B Demonstration Source Code Location

e  Quartus Project: Demonstrations\PCle_Fundamental
e  C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCIE_ FUNDAMENTAL

B FPGA Application Design

Figure 5-16 shows the system block diagram in the FPGA system. In the Qsys, Altera 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 PCI Express Hard IP controller through the Memory-Mapped Interface.
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FPGA/QSYS l

Interconnection Fabric for
Avalon Memory-Mapped Interface

Artia 10 Hard IP for

PCle Gen3 x4 Edge

Figure 5-16 Hardware block diagram of the PCle reference design

B Windows Based Application Software Design

The application software project is built by Visual C++ 2012. The project includes the following
major files as listed in Table 5-1.
Table 5-1 Project major files

NAME Description

PCIE_FUNDAMENTAL.cpp | Main program

PCIE.c Implement  dynamically load for

PCIE.h TERAISC_PCIE_AVMM.DLL

TERASIC PCIE AVMM.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, as shown in Figure 5-17.

$include "PCIE.R™

4define DEMO PCIE USER BAR BCIE BAR4
$define DEMC PCIE IO LED ADDR 0x4000010
$define DEMO PCIE IC BUTTON ADDR 0x4000020
4define DEMC PCIE MEM ADDR 0x00000000
$define MEM SIZE (512%1024) //512KB

Figure 5-17 Header file "PCIE.h"
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The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based on
PCIE_BARA4, in respectively. The on-chip memory base address is 0x00000000 relative to the
DMA controller.

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

e The FPGA is configured with the associated bit-stream file and the host is rebooted.

e The PCI express driver is loaded successfully.

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

bPass = PCIE Write32 (nPCIe, DEMC PCIE USER_BAR, DEMC PCIE_IC LED ADDR, (uint32_t) Mask);

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

PCIE_Read3Z (hPCIe, DEMO PCIE_USER_BAR, DENMO PCIE_ICO BUTTON ADDR, éStatus):

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

P‘CIE_DmaIﬂritE[hPCI&, Localiddr, pWritce, nTestiize);

PCIE_ DmaFead (hPCIe, Locallddr, pRead, nTestiize):

5.6 PCle Reference Design - DDR4

The application reference design shows how to add DDR4 Memory Controllers for DDR4-A
SODIMM and on board DDR4-B into the PCle Quartus project based on the PCle_Fundamental
Quartus project and perform 4GB data DMA for both SODIMM. 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\PCle_ DDR4\demo_batch

The folder includes following files:
e FPGA Configuration File: PCle_DDR4.sof
e Download Batch file: test.bat
e Windows Application Software folder: windows_app, includes
e PCIE_DDR4.exe
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e TERASIC_PCIE_AVMM.dII

B Demonstration Setup

1. Install DDR4 2400 4GB SODIMM on the FPGA board.
2. Set MSEL[2:0] to 010.
3. Install the FPGA board on your PC as shown in Figure 5-18.

Figure 5-18 FPGA board connect to PC

4. Configure FPGA with PCle_DDRA4.sof by executing the test.bat.

5. Install PCle driver if necessary.

6. Restart Windows

7. Make sure the Windows has detected the FPGA Board by checking the Windows Control panel.

8. Goto windows_app folder, execute PCIE_DDR4.exe. A menu will appear as shown in Figure
5-109.

9. Type 2 followed by a ENTER key to select Link Info item. The PCle link information will be

shown as in Figure 5-20. Gen3 link speed and x8 link width are expected.
10. Type 3 followed by an ENTER key to select DMA On-Chip Memory Test item. The DMA write
and read test result will be report as shown in Figure 5-21.
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== Terasic: PCle Demo Program ==

Led control

Button Status Read

Link Info

DMA On—-Chip Memory Test

DMA DDR4-A Sodimm Memory Test
DMA DDR4-B Memory Test

Quit

Flesae input your selection:

5| Ch\Users\Administrator\Desktoph\DE10-Advanced\PCle_DDR4\demo_batch\windows_app\PCIE_DDR...

=

=]

Figure 5-19 Screenshot of Program Menu

PCle Demo Program ==

control

Button Status Read

Link Info

DMA On—Chip Memory Test

DMA DDR4-A Sodimm Memory Test

DHA DDR4-B Memory Test
[22]1: Quit
Plezae input your selection:2
Vender 1D:1172h
Device ID:EBA3h
Current Link Speed is Gen3
Megotiated Link Width is x4
Maximum Payload Size is 2%6-hyte

Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DHA DDR4-A Sodimm Memory Test
DMA DDR4-B Memory Test
Quit
Plesae input your selection:

wAdministrator\Desktop\DEL0-Advanced\PCle_DDR&\deme_batch\windows_app\PCIE_DDR...

[:asic]
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Figure 5-20 Screenshot of Link Info

B | C:\Users\Administrator\Desktop\DE10-Advanced\PCle DDR4\demo_batch\windows_app\PCIE DDR... | =

Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DMA DDR4-A Sodimm Memory Test
DMA DDR4-B Memory Test
@ Quit
Plezae input your selection:3
DHMA Memory Test, Address = Bx@, Size = BxBOBBA Bytes...
Generate Test Pattern...
DMA Write...
DMA Read...
Readback Data Uerify...
DMA-—Memory Address Bx@A, Size = BxBBBAA@ bytes pass
Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DMA DDR4-A Sodimm Memory Test
DMA DDR4-B Memory Test
Quit
Plesae input your selection:

[=]

Figure 5-21 Screenshot of On-Chip Memory DMA Test Result
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11. Type 4 followed by an ENTER key to select DMA DDR4-A SODIMM Memory Test item. The
DMA write and read test result will be report as shown in Figure 5-22.

MUsers\Administrator\Desktop\DELD-Advanced\PCle_DDR4\demo_batch\windows_app\PCIE_DDR... | = || & || &3

Led control
Button Status Read
Link Info
DMA On—-Chip Memory Test
DMA DDR4-A Sodimm Memory Test
DMA DDR4-B Memory Test
: Quit
Plesae input wour selection:4
DMA Memory Test, Address = Bx20P0BBAAB,. Size = Bx100BBAAAA Bytes. .
Generate Test Pattern...
DMA WUrite...
DMA Read...
Readback Data Uerify...
DMA Read...
Readback Data Uerify...
DHA-Memory Address = Bx2000PABPA, Size = Bx1BBPBAABOA bytes pass

Led control
Button Status Read
Link Info
DMA On-Chip Memory Test
DMA DDR4-A Sodimm Memory Test
DMA DDR4-B Memory Test
[9291: Quit
Plesae input your selection:

Figure 5-22 Screenshot of DDR4-A SOSIMM Memory DAM Test Result

12. Type 5 followed by an ENTER key to select DMA DDR4-B Memory Test item. The DMA write
and read test result will be report as shown in Figure 5-23.

8| Ch\Users\AdministratorDesktophDELD-Advanced\PCle DDR4\demo_batch\windows_app\PCIE_DDR...| = = 3
= Bx18008000888 bytes pass

Led control
Button Status Read
Link Info
DHA On—Chip Memory Test
DMA DDR4-A Sodimm Memory Test
DHA DDR4-B Memory Test
[29]1: Quit
Plezae input your selection:h
DMA Memory Test, Address = Bx4800BB0AB,. Size = Ox4000PABA Bytes...
Generate Test Pattern...

Readback Data Uerify...
DMA—Memory Address = Bx400000000, Size = Bx400000BA bytes pass

Led control
Button Status Read
Link Info
DHA On—Chip Memory Test
DMA DDR4-A Sodimm Memory Test
DHA DDR4-B Memory Test
[991: Quit
Plezsae input your selection:

Figure 5-23 Screenshot of DDR4-B SOSIMM Memory DAM Test Result
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13. Type 99 followed by an ENTER Kkey to exit this test program.

B Development Tools

e Quartus Prime 18.1 Standard Edition
e Visual C++ 2012

B Demonstration Source Code Location

e Quartus Project: Demonstrations\PCIE_DDR4
e Visual C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCle_DDR4

B FPGA Application Design
Figure 5-24 shows the system block diagram in the FPGA system. In the Qsys, Altera 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 PCI Express Hard IP controller through the Memory-Mapped Interface.

FPGA/QSYS
X M R R b '«-\‘mbs- n |
Interconnection Fabric for
Avalon Memory-Mapped Interface

PCle Gen3 x4 Edge

Figure 5-24 Hardware block diagram of the PCle_DDR4 reference design

B Windows Based Application Software Design
The application software project is built by Visual C++ 2012. The project includes the following

major files:
NAME Description
PCIE_FUNDAMENTAL.cpp | Main program
PCIE.c Implement dynamically load for TERAISC_PCIE_ AVMM.DLL
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PCIE.h
TERASIC_PCIE_AVMM.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 DEMO PCIE USER BAR PCIE BAR4

#$define DEMO PCIE IO LED ADDR 0x4000010

#$define DEMO PCIE IO BUTTON ADDR 0x4000020

#define DEMO PCIE ONCHIP MEM ADDR  0x00000000

#define DEMO PCIE DDR4A MEM RDDR 0x200000000

#define DEMO PCIE DDR4B MEM RDDR 0x400000000

#define ONCHIP MEM TEST SIZE (512%1024) //3512KB

#define DDR4A MEM TEST SIZE (4ull*1024*1024*1024) //4GB
#define DDR4B_MEM TEST SIZE (lull*1024*1024*1024) //1GB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based on
PCIE_BAR4, in respectively. The on-chip memory base address is 0x00000000 relative to the
DMA controller. The above definition is the same as those in PCle Fundamental demo.
Before accessing the FPGA through PCI Express, the application first calls PCIE Load to
dynamically load the TERASIC _PCIE_AVMM.DLL. Then, it call PCIE_Open to open the PCI
Express driver. The constant DEFAULT PCIE VID and DEFAULT PCIE DID wused in
PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the Vendor ID and
Device ID and PCl Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means the driver cannot be
accessed successfully. In this case, please make sure:

e The FPGAis configured with the associated bit-stream file and the host is rebooted.

e The PCI express driver is loaded successfully.
The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPags = PCIE_Write32(hPCle, DEMO_PCIE_IISER_EAR, DEMO_PCIE_ IO _LED_ADDE, (nint3Z2_t) Mask);
The button status query is implemented by calling the PCIE_Read32 API, as shown below:

PCIE Read3Z (hPCIe, DENMO PCIE USER BAR, DENMO PCIE IO BUTTON ADDR, cStatus):

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

PCIE_DmaMritE[hPCIE, Localiddr, pWritce, nTest3ize);

PCIE DmaRead (hPCIe, Locallddr, pRead, nTestiize):

The PCle link information is implemented by PCIE_ConfigRead32 API, as shown below:
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// read config - link scatus
if (PCIE_ConfigRead32 (nPCIe, 0x390, &Data32))({
switch ((Data32 >> 16) & Ox0F){
case 1:
printf ("Curzxent Link Speed is Genl\z\n"):;
break;
case 2:
printf ("Current Link Speed is Gen2\r\n"):
break:;
case 3:
printf ("Current Link Speed is
break:
default:
printf ("Curx
break:;

Link Speed is Unknown\r\n"):;

}
swictch ((Data32 >> 20) & Ox3F){

case 1:
printf ("Negotiated Link Width is xi\x\a"):
break;

case 2:
printf ("Negotiated Link Widcth is x2\r\n");
break:;

case 4:
printf ("Negotiated Link Width is x4\r\n"):
break:

case 8:
printf ("Negotiated Link Wi
break;

case 16:
printe ("Negotiated Link Widch is x16\r\n");
break:

default:
printf ("Negotiated Link Width is T
break:;

}
}else{

bPass = false;
}
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Chapter 6
PC/ Express Design for

Linux

PCI 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. Arria 10 Hard IP for PCI
Express with Avalon-MM DMA IP is used in this demonstration. For detail about this IP, please
refer to Altera document ug_al0_pcie_avmm_dma.pdf

6.1 PCl Express System Infrastructure

Figure 6-1 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
Arria 10 Hard IP for PCI Express with Avalon-MM DMA. The application software on the PC side
is developed by Terasic based on Intel’s PCle kernel mode driver.

FPGA . Linux
Uoorioo: | S Ceerhopicater
i B B

Interconnection Fabric for
Avalon Memory-Mapped Interface

! B |

Arria 10 Hard IP for
PCI Express with

Avalon-MM DMA

------------------------------

i Kernel Mode

aIteraE.k}z

Figure 6-1 Infrastructure of PCI Express System
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https://www.intel.com/content/dam/altera-www/global/en_US/pdfs/literature/ug/ug_a10_pcie_avmm_dma.pdf

6.2 PCl 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 Linux. CentOS 7.2 is recommended. The SDK is located in the
“CDROM/Demonstrations/PCle SW_KIT/Linux” folder which includes:

e PCI Express Driver

e PCI Express Library

e PCI Express Examples

The kernel mode driver assumes the PCle vendor ID (VID) is 0x1172 and the device ID (DID) is
OxEO003. If different VID and DID are used in the design, users need to modify the PCle vendor 1D
(VID) and device ID (DID) in the driver project and rebuild the driver. The ID is defined in the file
PCle_SW_KIT/Linux/PCle_Driver/altera_pcie_cmd.h.

The PCI Express Library is implemented as a single .so file named terasic_pcie_gsys.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:

e Basic data read and write

e Data read and write by DMA

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

6.3 PCI Express Software Stack

Figure 6-2 shows the software stack for the PCI Express application software on 64-bit Linux. The
PCle library module terasic_pcie_qys.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 altera_pcie.ko kernel driver is provided by Altera.

64-bits Linux

User Application

terasic_pcie_gsys.so

II

altera_pcie.ko | P—— config_file
|

Figure 6-2 PCI Express Software Stack
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B Install PCI Express Driver on Linux

To make sure the PCle driver can meet your kernel of Linux distribution, the driver altera_pcie.ko
should be recompile before use it. The PCle driver project is locate in the folder:
CDROM/Demonstrations/PCle_SW_KIT/Linux/PCle_Driver

The folder includes the following files:

e altera_pcie.c
e altera_pcie.h
e altera_pcie_cmd.h

e Makefile
e load_driver
e unload

e config_file

To compile and install the PCI Express driver, please execute the steps below:

1.

2.
3.

Make sure the HAN Pilot Platform and the PC are both powered off.

Set MSEL[2:0] to 010.
Plug the PCle adapter card into the PCle slot on the PC motherboard. Use the PCle cable to
connect to the HAN Pilot Platform PCIE connector and the PCle adapter card (See Figure 6-3)

Figure 6-3 FPGA board connect to PC

Power on your HAN Pilot Platform and the host PC.

Open a terminal and use "cd" command to goto the folder "CDROM/ Demonstrations/
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/centos/intelFPGA/18.1/quartus” to your quartus installation path.
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export QUARTUS_ROOTDIR=/home/centos/intelFPGA/18.1/quartus

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

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

9. Type the following commands to compile and install the driver altera_pcie.ko, and make sure
driver is loaded successfully and FPGA is detected by the driver as shown in Figure 6-4.

make
sudo sh load_driver

dmesg | tail -n 15

Figure 6-4 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/PCle_SW_KIT/Linux/PCle_Library. It includes the following files:

e TERASIC_PCIE_AVMM.h

e terasic_pcie_gsys.so (64-bit library)

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

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

Include TERASIC_PCIE_AVMM.h in the C/C++ project.

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

Dynamically load terasic_pcie_gsys.so in C/C++ program. To load the terasic_pcie_gsys.so,
please refer to the PCle fundamental example below.

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

Hown

Users can easily communicate with the FPGA through the PCle bus through the
terasic_pcie_qsys.so API. The details of API are described below.
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6.4 PCI Express Library API

Below shows the exported API in the TERASIC_PCIE_AVMM.dII. The API prototype is defined in
the TERASIC_PCIE_AVMM.h.
Note: the Linux library terasic_pcie_gsys.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 number.

Prototype:

PCIE_HANDLE PCIE_Open(

uintl6_t w\VendoriD,

uint16_t wDevicelD,

uintl6_t wCardNum);

Parameters:

wVendorlID:

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.

wCardNum:

Specify the matched card number, a zero based index, based on the matched vendor ID and device
ID.

Return Value:

Return a handle to presents 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

Function:

Close a handle associated to the PCle card.
Prototype:

void PCIE_Close(

PCIE_HANDLE hFPGA);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.
Return Value:

None.

B PCIE_Read32

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

Prototype:

bool PCIE_Read32(
PCIE_HANDLE hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint32_t *pdwData);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.
PciBar:

Specify the target BAR.

PciAddress:

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:

bool PCIE_Write32(
PCIE_HANDLE hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint32_t dwData);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

PciBar:

Specify the target BAR.

PciAddress:

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.
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Prototype:

bool PCIE_Read8(
PCIE_HANDLE hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint8_t *pByte);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.
PciBar:

Specify the target BAR.

PciAddress:

Specify the target address in FPGA.

pByte:

/A buffer to retrieve the 8-bit data.

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

B PCIE_Write8

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

Prototype:

bool PCIE_Write8(
PCIE_HANDLE hFPGA,
PCIE_BAR PciBar,
PCIE_ADDRESS PciAddress,
uint8_t Byte);

Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

PciBar:

Specify the target BAR.

PciAddress:

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.

Maximal read size is (4GB-1) bytes.
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Prototype:

bool PCIE_DmaRead(

PCIE_HANDLE hFPGA,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pBuffer,

uint32_t dwBufSize

);
Parameters:

hFPGA:

/A PCle handle return by PCIE_Open function.

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.

dwBuUfSize:

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 hFPGA,

PCIE_LOCAL_ADDRESS LocalAddress,

void *pData,

uint32_t dwDataSize

);
Parameters:

hFPGA:

/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.
dwDataSize:

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
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Function:

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

bool PCIE_ConfigRead32 (

PCIE_HANDLE hFPGA,

uint32_t Offset,

uint32_t *pData32

);

Parameters:

hFPGA:

/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.

6.5 PCle Reference Design - Fundamental

The application reference design shows how to implement fundamental control and data transfer in
DMA. In the design, basic 1/0 is used to control the BUTTON and LED on the FPGA board.
High-speed data transfer is performed by DMA.

B Demonstration Files Location

The demo file is located in the batch folder:
CDROM\Demonstrations\ PCle_Fundamental\demo_batch

The folder includes following files:
e FPGA Configuration File: PCle_Fundamental.sof
e Download Batch file: test.sh
e Linux Application Software folder: linux_app, includes
e PCIE_FUNDAMENTAL
e terasic_pcie_(sys.so

B Demonstration Setup

1. Set MSEL[2:0] to 010.
2. Install the FPGA board on your PC as shown in Figure 6-5.
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S

Figure 6-5 FPGA board connect to PC

Open a terminal and use "cd" command to go to:
CDROM/ Demonstrations/ 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/centos/intelFPGA/18.1/quartus to your quartus installation path.

export QUARTUS_ROOTDIR=/home/centos/intelFPGA/18.1/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 “Is -1 /dev/altera_pcie*” to make sure the Linux has detected the FPGA Board. If the
FPGA board is detected, developers can find the /dev/altera_pcieX(where X is 0~255) in Linux
file system as shown in Figure 6-6.

Figure 6-6 Linux has detected the FPGA Board

Go to linux_app folder, execute PCIE_ FUNDAMENTAL. A menu will appear as shown in
Figure 6-7.
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root@localhost:~/Desktop/DE10-Advanced/PCIE_.FUNDAMENTAL/demo_batch/linux_app - o x
¢ . /PCIE_FUNDAMENTAL

Figure 6-7 Screenshot of Program Menu

10. Type 0 followed by a ENTER key to select Led Control item, then input 3 (hex 0x03) will make
all led on as shown in Figure 6-8. If input 0 (hex 0x00), all led will be turn off.

root@localhost:~/Desktop/DE10-Advanced/PCIE_.FUNDAMENTAL/demo_batch/linux_app - o x
# . /PCIE_FUNDAMENTAL

Figure 6-8 Screenshot of LED Control

11. Type 1 followed by an ENTER key to select Button Status Read item. The button status will be
report as shown in Figure 6-9.

root@localhost:~/Desktop/DE10-Advanced/PCIE_FUNDAMENTAL/demo_batch/linux-app - o x

Figure 6-9 Screenshot of Button Status Report
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12. Type 2 followed by an ENTER key to select DMA Testing item. The DMA test result will be
report as shown in Figure 6-10.

root@localhost:~/Desktop/DE10-Advanced/PCIE_.FUNDAMENTAL/demo_batch/linux_app - o x

Figure 6-10 Screenshot of DMA Memory Test Result
13. Type 99 followed by an ENTER key to exit this test program

B Development Tools

e Quartus Prime 18.1 Standard Edition
e  GNU Compiler Collection, Version 4.8 is recommended

B Demonstration Source Code Location

e Quartus Project: Demonstrations/PCle_Fundamental
e C++ Project: Demonstrations/PCle_SW_KIT/Linux/PCIE_FUNDAMENTAL

B FPGA Application Design

Figure 6-11 shows the system block diagram in the FPGA system. In the Qsys, Altera 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 PCI Express Hard IP controller through the Memory-Mapped Interface.

IC HAN Pilot Platform 103 www.terasic.com
as Demonstration Manual October 8, 2019

www.terasic.com




FPGA/QSYS {

;

Interconnection Fabric for
Avalon Memory-Mapped Interface
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Figure 6-11 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 as shown in Table 6-1.
Table 6-1 Project major files

NAME Description

PCIE_FUNDAMENTAL.cpp | Main program

PCIE.c Implement  dynamically load for

PCIE.h TERAISC_PCIE_AVMM.DLL

TERASIC PCIE AVMM.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, as shown in Figure 6-12.

$#include "FCIE.R"

4define DEMO PCIE USER BAR BCIE BAR4
$define DEMC PCIE IO LED ADDR 0x4000010
$define DEMO PCIE IC BUTTON ADDR 0x4000020
4define DEMC PCIE MEM ADDR 0x00000000
$define MEM SIZE (512%1024) //512KB

Figure 6-12 Header file "PCIE.h"
The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020 based on
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PCIE_BARA4, in respectively. The on-chip memory base address is 0x00000000 relative to the
DMA controller.

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

e The FPGA is configured with the associated bit-stream file and the host is rebooted.

e The PCI express driver is loaded successfully.

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

bPass = PCIE Write32 (nPCIe, DEMC PCIE USER_BAR, DEMC PCIE_IC LED ADDR, (uint32_t) Mask);

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

PCIE_Read3Z (hPCIe, DENMO PCIE_USER_BAR, DENO PCIE_ICO BUTTON_ADDR, cStatus):

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

PCIE DmaWrite (hPCle, Localdddr, plrite, nTestSize);

PCIE DmmPBesad (hPCIle, Localliddr, pRead, nTestalze):

6.6 PCle Reference Design - DDR4

The application reference design shows how to add DDR4 Memory Controllers for DDR4-A
SODIMM and on board DDR4-B into the PCle Quartus project based on the PCle_Fundamental
Quartus project and perform 4GB data DMA for both SODIMM. 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\PCle_ DDR4\demo_batch

The folder includes following files:
e FPGA Configuration File: PCle_DDR4.sof
e Download Batch file: test.sh
e Linux Application Software folder: linux_app, includes
e PCIE_DDR4
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e terasic_pcie_(Qsys.so

B Demonstration Setup

1. Install DDR4 2400 4GB SODIMM on the FPGA board.
2. Set MSEL[2:0] to 010.
3. Install the FPGA board on your PC as shown in Figure 6-13.

Figure 6-13 FPGA board connect to PC

4. Open a terminal and use "cd" command to go to
"CDROM/Demonstrations/PCle_Fundamental/demo_batch".

5. Set QUARTUS_ROOTDIR variable pointing to the Quartus installation path. Set
QUARTUS_ROOTDIR variable by tying the following commands in terminal. Replace
/home/centos/intelFPGA/18.1/quartus to your quartus installation path.

export QUARTUS_ROOTDIR=/home/centos/intelFPGA/18.1/quartus

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

Restart Linux.

Install PCle driver.

. Make sure the Linux has detected the FPGA Board.

10. Go to linux_app folder, execute PCIE_DDR4. A menu will appear as shown in Figure 6-14.

© oo~
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root@localhost:~/Desktop/DE10-Advanced/PCIE_.DDR4/demo_batch/linux_app - o x

Figure 6-14 Screenshot of Program Menu

11. Type 2 followed by an ENTER key to select Link Info item. The PCle link information will be
shown as in Figure 6-15. Gen3 link speed and x8 link width are expected.

root@localhost:~/Desktop/DE10-Advanced/PCIE_.DDR4/demo_batch/linux_app - o x
Tinux ./PCIE_DDR4

Figure 6-15 Screenshot of Link Info

12. Type 3 followed by an ENTER key to select DMA On-Chip Memory Test item. The DMA write
and read test result will be report as shown in Figure 6-16.
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root@localhost:~/Desktop/DE10-Advanced/PCIE_DDR4/demo_batch/linux_app - o b

Figure 6-16 Screenshot of On-Chip Memory DMA Test Result

13. Type 4 followed by an ENTER key to select DMA DDR4-A SODIMM Memory Test item. The
DMA write and read test result will be report as shown in Figure 6-17.

root@localhost:~/Desktop/DE10-Advanced/PCIE_DDR4/demo_batch/linux_app - o x

Figure 6-17 Screenshot of DDR4-A SOSIMM Memory DAM Test Result
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14. Type 5 followed by an ENTER key to select DMA DDR4-B Memory Test item. The DMA write
and read test result will be report as shown in Figure 6-18.

root@localhost:~/Desktop/DE10-Advanced/PCIE_DDR4/demo_batch/linux_app - =] x
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Figure 6-18 Screenshot of DDR4-B SODIMM Memory DAM Test Result
15. Type 99 followed by an ENTER key to exit this test program.

B Development Tools

e Quartus Prime 18.1 Standard Edition
e  GNU Compiler Collection, Version 4.8 is recommended

B Demonstration Source Code Location

e Quartus Project: Demonstrations\PCIE_DDRA4
e Visual C++ Project: Demonstrations\PCle_SW_KIT\Windows\PCle_DDR4

B FPGA Application Design

Figure 6-19 shows the system block diagram in the FPGA system. In the Qsys, Altera 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 PCI Express Hard IP controller through the Memory-Mapped Interface.
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Figure 6-19 Hardware block diagram of the PCle_DDR4 reference design

B Linux Based Application Software Design

The application software project is built by Visual C++ 2012. The project includes the following

major files:
NAME Description
PCIE_FUNDAMENTAL.cpp | Main program
PCIE. : : . : :
PCIE f] Implement dynamically load for terasic_pcie_qsys.so library file

TERASIC_PCIE_AVMM.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
#define
#define
#define

#define
#define
#define

The base address

DEMO PCIE USER BAR PCIE BAR4

DEMO PCIE IC LED ADDR 0x4000010

DEMO PCIE IC BUTTON ADDR 024000020

DEMO PCIE ONCHIP MEM ADDR  0x00000000

DEMO PCIE DDR4A MEM ADDR 0200000000

DEMO PCIE DDR4B MEM ADDR 0x400000000

ONCHIP MEM TEST SIZE (512*1024) //512KB

DDR4A MEM TEST SIZE (4ull*1024*1024*1024) //4GB
DDR4B_MEM TEST SIZE (1ull*1024*1024*1024) //1GB

of BUTTON and LED controllers are 0x4000010 and 0x4000020 based on

PCIE_BAR4, in respectively. The on-chip memory base address is 0x00000000 relative to the
DMA controller. The above definition is the same as those in PCle Fundamental demo.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load to
dynamically load the TERASIC PCIE_AVMM.DLL. Then, it call PCIE_Open to open the PCI
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Express driver. The constant DEFAULT _PCIE_VID and DEFAULT _PCIE _DID wused in
PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the Vendor ID and
Device ID and PCIl Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means the driver cannot be
accessed successfully. In this case, please make sure:

e The FPGA s configured with the associated bit-stream file and the host is rebooted.

e The PCI express driver is loaded successfully.
The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPazs = PCIE_Writel2(hPCle, DEMO_PCIE_USER_BAR, DEMO PCIE_IO_LED_ADDE, (nint32_t) Mask);

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

PCIE_Read3Z (hPCIe, DENMO PCIE_USER_BAR, DENO PCIE_ICO BUTTON_ADDR, cStatus):

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

P‘CIE_DmaIﬂritE[hPCIE, Localiddr, pWritce, nTestiize);

PCIE DmaRead (hPCIe, Locallddr, pRead, nTestiize):

The PCle link information is implemented by PCIE_ConfigRead32 API, as shown below:

if (PCIE_ConfigRead32 (hPCIe, 0x390, &Dhata32)){
switch ((Data32 >> 16) & OxO0F){
case 1:
printf ( 5 t Link Speed 2 Gen nvy:
break;
case 2:
printf ("Current Link Speed is Gen2\r\n"):

default:
printf ("Current Link Speed is Unknown\r\n");
break;

swictch ((Data32 >> 20) & Ox3F){

case 1:
printf ("Negotiated Link Width is x B
break:

case 2:
printf ("Negotiated Link Width is x2\r\n");
break;

case 4:
printf ("N 1 i I K t 5 X b "):
break:;

case 8:
printf ("Negotiated k Widt s x8\r\n"):
break;

case 16:
printt ("Neg iace idch s x1 r\n");
break:

default:
printf ("Negotiated Link Width ig Unknown ") ;
break;
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Chapter 7
Linux BSP

7.1 Introduction

The HAN Pilot Platform Kit includes Linux BSP (Board Support Package) with which users can
develop their software application on the Linux. The Kit contains the three Linux BSP listed below.
Users can select the proper BSP for their applications.

® Linux LXDE VNC Desktop BSP

® Linux LXDE HDMI Desktop BSP

® VNC Desktop OpenCL BSP

Please be aware that not all WiFi/Camera/Audio USB dongles are compatible with this BSP. Here
are some compatible USB dongles that have been tested, by us, and proven to work. The following
suggested WiFi USB dongles can be purchased from the Terasic Website.
® WiFi USB Dongle

e  Mi WiFi (Terasic PN: FXX-3061-MIX)
® Camera USB Dongle

e Logitech C310

e ETUSB 2760 Camera

e  Genius WideCam F100
® Audio USB Dongle

e Ugreen US205

These Linux BSP can be downloaded for free from the Terasic Website:
http:// HAN Pilot Platform.terasic.com/cd

7.2 Use Linux BSP

This section describes the procedure to boot Linux on HAN Pilot Platform. For more details, refer
to chapter 5 of HAN Pilot Platform_Getting_Started _Guide.pdf in the System CD.
e Download the BSP image file from http:// HAN Pilot Platform.terasic.com/cd
® Create a Linux booting microSD card by using Win32 Disk Imager utility to write the image
file into a microSD card
® Insert the microSD to microSD socket on the HAN Pilot Platform
Make sure MSEL[2:0] switch on HAN Pilot Platform is set to proper position
® For VNC mode:
e Connect your host PC to USB-to-Serial port(J27) on HAN Pilot Platform via a USB cable
e Launch the Putty software in your PC
e The booting message will appear on the Putty terminal
e Inhost PC, use vnc client to connect to HAN Pilot Platform
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® For HDMI mode:
e Connect a HDMI monitor, an USB keyboard, and a USB mouse to the HAN Pilot Platform
with USB Hub
e Power on HAN Pilot Platform
e The LXDE Desktop will appear on the HDMI monitor

7.3 Linux

LXDE VNC Desktop BSP

This is a VNC mode Linux BSP. The console content is displayed on the UART Terminal in your
Host PC and the Desktop is displayed on VNC Client. Refer to Table 7-1 for Linux LXDE VNC
Desktop BSP information.

Table 7-1 Linux LXDE VNC Desktop BSP Information

Item

Description

BSP Location

HAN Pilot Platform_VNC_Desktop.zip
Download link: http:// HAN Pilot Platform.terasic.com/cd

MicroSD Card | 4GB at minimal

MSEL[2:0] 000

Account User name: root, password is not required (press Enter)
Baud rate: 115200

UART Dat_a bits: 8

Terminal Parity: _None
Stop Bits: 1
Flow Control: no

Quartus Project | al0s_ghrd

USB Audio Dongle driver

BSP Feature USB WiFi Dongle driver
Example Codes
Source: https://github.com/terasic/linux-socfpga
Linux  Kernel Branch: socfpga-4:5
Source Under above location:
Configure File: HAN Pilot Platform_vnc.config
DTS File: arch/arm/boot/dts/ HAN Pilot Platform_vnc.dts
7.4 Linux LXDE HDMI Desktop BSP

This is a Linux BSP with HDMI LXDE Desktop. The LXDE Desktop is displayed on the HDMI
monitor attached to HAN Pilot Platform. Table 7-2 describes the LXDE Desktop BSP items and
lists the corresponding information. The BSP provides frame buffer for desktop display. The frame
buffer function is implemented in FPGA site. The HPS ddr4 is used as video buffer in the frame

buffer function.

Table 7-2 Linux LXDE HDMI Desktop BSP Information

Item

Description

BSP Location

HAN Pilot Platform_HDMI_Desktop.zip
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Download link: http:// HAN Pilot Platform.terasic.com/cd

MicroSD Card

4GB at minimal

MSEL[2:0] 000
Account User name: root, password is not required (press Enter)
Baud rate: 115200
Data bits: 8
UART Terminal Parity: None
Stop Bits: 1
Flow Control: no
Quartus Project Reserved

BSP Feature

LXDE Desktop

Frame Buffer

ALSA (Advanced Linux Sound Architecture)

OpenCV Library

GNU Toolchain

USB WiFi Dongle driver and application example code

USB Camera Dongle driver and OpenCV example code

Example codes for accessing peripherals connected to FPGA and HPS.

Linux Kernel Source

Source: https://github.com/terasic/linux-socfpga
Branch: socfpga-4.5

Configure File: Reserved

DTS File: Reserved

7.5 VNC Desktop OpenCL BSP

This is a Linux BSP with VNC mode which supports Intel SDK OpenCL. The Intel® FPGA SDK
for Open Computing Language (OpenCL™) allows a user to abstract away the traditional hardware
FPGA development flow for a much faster and higher level software development flow. For more
details, please refer to HAN Pilot Platform_OpenCL.pdf in the HAN Pilot Platform System CD.
Table 7-3 lists the OpenCL BSP component reference and the related information.

Table 7-3 OpenCL BSP Information

Item

Description

BSP Location

HAN Pilot Platform_OpenCL_BSP.zip
Download link: http:// HAN Pilot Platform.terasic.com/cd

MicroSD Card

4GB at minimal

MSEL[2:0]

000

Account

User name: root, password is not required (press Enter)

Baud rate: 115200

Data bits: 8
UART Terminal Parity: None

Stop Bits: 1

Flow Control: no
Quiartus Project Reserved

BSP Feature

Frame Buffer
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OpenCL

Example Codes

Source: https://github.com/terasic/linux-socfpga/tree/socfpga-3.10
Branch: socfpga-3.10

Under above location:

Configure File: Reserved

Linux Kernel Source
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Additional Information

Getting Help

Contact us via the following methods for further technical assistance:
Terasic Inc.

9F, N0.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, Taiwan 300-70
Email : support@terasic.com

Web : www.terasic.com

Revision History

Date \ersion Changes

2018.14.16 First publication

2019.09.06 V1.0.1 Modify Default code section
2019.09.12 V1.0.2 Modify section 5.4&6.4
2019.10.07 V1.0.3 Modify section 2.7 for add

4k@60RGB mode
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