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Chapter 1

Overview

his Manual will introduce the various application demonstrations on Apollo
Agilex board. These demonstrations cover most of the interfaces on Apollo
Agilex. Let users familiarize using these interfaces of the Apollo Agilex board.
Demonstrations according to FPGA fabrics and HPS are divided into three categories:

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

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

B Intel Quartus® Prime Pro Edition Software Version 21.4.0 or later.
B Intel SoC Embedded Design Suite(EDS) Professional Edition

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

Start Install WSL
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Chapter 2
Examples For FPGA

his chapter provides examples of advanced designs implemented by RTL or

Qsys on the Apollo Agilex SoM board. These reference designs cover the

features of peripherals connected to the FPGA, such as DDR4, temperature
monitor, PLL clock setting and Power monitor. All the associated files can be found in
the directory \Demonstrations\FPGA of Apollo Agilex SoM System CD.

2.1 Configure Si5340A in RTL

There is a Silicon Labs Si5340A clock generator on Apollo Agilex board can provide
adjustable frequency reference clock (See Figure 2-1) for FMC/FMC+ connectors and
QSFP28 interface. The Si5340A clock generator can output four differential frequencies
from 100Hz ~ 644.53125Mhz though 12C interface configuration. This section will show
you how to use FPGA RTL IP to configure each Si5340A PLL and generate users
desired output frequency to each peripheral.
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Figure 2-1 Clock tree of the Apollo Agilex SoM

B Creating Si5340A Control IP
The Si5340A control IP is located in the folder: "\Demonstrations\FPGA\Si5340IP" in
the System CD. Developers can use the IP directly in their Quartus top. Developers can

refer to the example in Demonstrations/FPGA/Clock_Controller folder. This example
shows how to instantiate the IP in Quartus top project.

B Using Si5340 control IP
Table 2-1 lists the instruction ports of Si5340A Controller IP.

Table 2-1 Si5340A Controller Instruction Ports

Port Direction Description
iCLK input  [System Clock (50Mhz)
_ _ Synchronous Reset
iIRST_n input
(0: Module Reset, 1: Normal)
_ _ Start to Configure ( positive edge
iStart input _
trigger )
. . Setting OUTO(FMC_REFCLKO_p)
iXCVR_REFCLK_0 input
Channel Frequency Value
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Setting OUT1(FMC_REFCLK1_p)

iXCVR_REFCLK_1 input

Channel Frequency Value
. . Setting OUT2(QSFP28RSV_REFCLK_p)
iXCVR_REFCLK_2 input

Channel Frequency Value
. . Setting OUT3(QSFP28_REFCLK_p)
iXCVR_REFCLK_3 input

Channel Frequency Value
Si5340A Configuration status
oPLL_REG_CONFIG_DONE | output |( 0: Configuration in Progress, 1:
Configuration Complete)
[2C_DATA inout |[I2C Serial Data to/fromSi5340A
12C_CLK output [I2C Serial Clock to Si5340A

As shown in Table 2-2, the Si5340A control IP have preset several output frequency
parameters, if users want to change frequency, users can fill in the input ports "
iXCVR_REFCLK_0~3", with desired frequency values and recompile the project. For
example, in the components Si5340A, change

. iIXCVR_REFCLK_0 ("XCVR_REF_644M53125),

to. IXCVR_REFCLK_0 ("XCVR_REF_322M265625),

Recompile project, the Si5340A OUTO channel (for FMC) output frequency will change
from 644.53125Mhz to 322.26562Mhz.

Table 2-2 Si5340A Controller Reference Clock Frequency Setting for FMC/FMC+
iXCVR_REFCLK_0~3

Si5340A Channel Clock Frequency(MHz)

Input Setting
4'n0 644.53125
4'n1 625
4'h2 375
4'h3 322.265625
4'n4 312.5
4'h5 307.2
4'n6 250
4'n7 184.32
4'h8 156.25
4'h9 153.6
asicC Apollo Agilex 7 www.terasic.com
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4'ha 125
4'hb 100

Users can also dynamically modify the input parameters, and input a positive edge
trigger for “iStart”, then, Si5340A output frequency can be modified.

After the manually modifying, please remember to modify the corresponding frequency
value in SDC file.

B Modify Clock Parameter for Your Own Frequency

If the Si5340A control IP built-in frequencies are not users’ desired, users can refer to
the below steps to the modify control IP register parameter settings to modify the IP to
output a desired frequency.

1. Firstly, download ClockBuilder Pro Software (See Figure 2-2), which is provided
by Silicon Labs. This tool can help users to set the Si5340A’s output frequency
of each channel through the GUI interface, and it will automatically calculate the
Register parameters required for each frequency. The tool download link:
http://url.terasic.com/clockuilder_ro_oftware
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ClockBuilder Pro Wizard - Silicon Labs - m]

ClockBuilder Pro Wizard o
O

SiLICON LABS | We Make Timing Simple

Work With a Design Quick Links

E:., Create New Project Silicon Labs Timing Solutions
Knowledge Base
- Custom Part Number Lookup
i‘ Oben Project Custom Part Number Looku
— : y Applications Documentation
: Convert Existing Project/NVM File
10/40/100G Line Card White Paper

Clock Generators for Cloud Data Centers White
Paper

Optimizing Si534x Jitter Performance App Note
No EVB Present Selecting the Right Clocks for Timing

No evaluation board has been detected. Synchronization Applications App Note

Open Sample Project

ClockBuilder Pro Documentation

CBPro Overview
CBPro Tools & Support for In-System Programming

Includes walkthroughs of frequency-on-the-fly, full configuration,
and partial configuration programming scenarios.

CLI User's Guide
Release Notes - Knowledge Base

Version 2.42
Built on 3/17/2020

Figure 2-2 ClockBuilder Pro Wizard

2. After the installation, select Si5340, and configure the input frequency and output
frequency as shown in Figure 2-3.
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(@ New $i5340 Praject - ClackBuilder Pro - O *

ClockBuilder Pro w3 . SILICON LABS

Step 6 of 10 - Define Output Clocks v Configuring Si5340AB Rev D

Disabled N Divider /

Qutput Mode State Format Frequency DCO / ZDN

outo [Enabl.. [ [Stoplow [ [LvDs18v [ [156.25MHz g~ F @

OUT1  [Enabl.. [ [StopLow [ [LvDs 18V [d| [184.32 MHz gl @

out2 [Enabl. [ [Stoplow [ [LvDs1sv [ [18432MHz g~ F @

ouT3  [Enabl. [ [StopLlow [ [vDs18v  [3] [156.25 MHz gl @

[ Clock Placement Wizard ... ] [ FOTF Supported ... ]
@FrequencyPlanValid @Design OK Typical Pd713mW,Tj38° [ < Back ” Mext = H Finish ” Cancel ]

Figure 2-3 Define Output Clock Frequencies on ClockBuilder Pro Wizard
3. After the setting is completed, ClockBuilder Pro Wizard generates a Design

Report(text), which contains users setting frequency corresponding register
value (See Figure 2-4).
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[ New $i5240 Project - ClockBuilder Pro
ClockBuilder Pro s =

$i5340 Design Report

Design Report
<€

Hex value
2x200000
ox74
2xe
ex8
oxe
exe
2xe
@xF
ox1
ax3
2xe
2xe
exe
2xe
oxa
2xe
2xe
ox8
ex8
Bx0000
Bx0000
©x0088
2x0000
2x0008
2x0000
2x0000
2x0008
2x80
2x00
2x00
ex88
2xe
v

Desi( n Daghboard v Location S5ETT1ing Name vecimal value

@x0826[23:0] TOOL_VERSION ]

Your $i5340 design is complete. You should save your design now usi 8x008B[5:0]  I2C_ADDR 11
ex0a17[@] SYSINCAL_INTR_MSK
ex0017[1] LOSXAXB_INTR_MSK 0
)& Edit Configuration with Wizard ox0e17[2] LOSREF_INTR_MSK
Design ID & Notes - Revision - Host Interface - 0x0617[3] LOL_INTR_MSK e
ox0817[5] SMB_TMOUT_INTR MSK @

Input Clocks & ZDM - Input Clock Select - ox0018[3:0]  LOSIN_INTR MSK 15
Output Clocks - DCO - Planner - LOS - INTR ex0021[8] IN_SEL_REGCTRL 1
ex0021[2:1]  IN_SEL 3
ex0e22[1] OF
) : ; . @x0828[3] SPI_3WIRE
Save Desi n_to Project File If). ex0025[5] AUTO_NDIV_UPDATE 0
. Your configuration is stored to a project fie, which can ox002C[3:0]  LOS_EN o
be opened in ClockBuilder Pro at a latertime. exee2c[4] LOSXAXB_DIS ]
@x0820[1:@]  LOS@ VAL TIME ]
@x0@20[3:2]  LOS1 VAL TIME ]
Design Report & Datasheét Addendum 1 €x6020[5:4]  LOS2 VAL TINE
You can view 4 desian report (text) pr create a / g:gg;‘;g:’;] tgza—}(”;;ﬁ;’f
an. : _TRG_ )
draft datasheet addendum (PDF) for your design. exp030[15:0] LOSL TRG.THR
©x0832[15:0] LOS2_TRG_THR 0
@x0034[15:0] LOS3_TRG_THR ]
. . @x0036[15:0] LOS@_CLR_THR )
‘0 Silicon Labs Cloud Services o ox0038[15:0] LOS1 CLR THR o
You can create a custom part number for your design, ©x@03A[15:@] LOS2 CLR THR ]
which can be used to order factory pre-programmed BXBWCPf =*]’] LOS3_CLR_THR
- . . . ex0841[4:0]  LOS@_DIV SEL 0

) X DIV
devices. Or request a phase noise report for this design. ox0042[4:0]  LoSL DIV SEL
@x0043[4:0]  LOS2 DIV SEL
©x0044[4:0]  LOS3_DIV_SEL 0
ox0@9E[7:4]  LOL_SET_THR ]
evenarfal NITAITI NTSARIE 1ol 1
[ Copy to Clipboar ] [ Save Report ] Ask for Help

Figure 2-4 Open Design Report on ClockBuilder Pro Wizard

4. Open Si5340 control IP sub-module “si5340a_i2c_reg_controller.v “ as shown in
Figure 2-5, refer to Design Report parameter to modify sub-module

corresponding register value (See Figure 2-6).
O Quartus Prime Pro Edition - G:/Home/User/Desktop,/Agile:

Eile Edit View Project Assignments Processing Too

i B -~ . ) O | agilexsom

Project Mavigator Qi@
Instance Entity

o Agilex: AGFBO14R24B1ETV

~ T agilex SOME®

- M\F AGILEX_SOM_SIS340A_ CONFIG_i AGILEX_SC
nr clock_divider clock_divic

M\F edge_detector edge_deted

T i2c_bus_controller i2c_bus_cc

M\F initial_config initial_cont

b v si5340a_i2c_reg_controller si5340a_i2
" HZ_CLK_50_B2A CLOCKMEI
R Lz FMC_REFCLKC p CLOCKME
M bz FMC_REFCLK1 p CLOCKMEI
M\.Efﬁ HZ_O5FP28RSV_REFCLK p CLOCKMEI

Figure 2-5 Sub-Module file "si5340a_i2c_reg_controller.v"
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si5340a_i2c_reg_controllerv Design Report

$i5340 Design Re - o x
# Compilation Dashboard X | @ si5340a_i2c_reg_controllery X ] esign Report
Design Report
| ML == ol %7 = by
* 81 E= LSS % | &= Ltocation Setting name vecimal rex vaiue
235 -
236 — —= assign all parameter value 0x0006[23:0]  TOOL_VERSION ° 0000000
237 x0008 e]n] 12¢_AD0R 16 ox7s
5 . 0x0017[0 SYSINCAL_INTR_ MSK @ oxe
238 wire LOSFB_IN_INTR_MSK - 15; oworr(1]  losexs MR RSK o -
239 wire IN_SEL_REGCTRL =1 73 0x0017[2]  LOSREF_INTR_iSK ° Py
240 [wire 1107 IN_SEL - 3 | 0x0017[3] LOL_INTR_MSK e oxo
241 0x0017(5]  SME_TMOUT_INTR_MSK  © o0
242 wire OUTALL_DISABLE_LOW - 1 ; :!;;: ;=°1 ;OS;:J:;;E"‘:K :5 g:
g:i :}:: gs;g—gg” =S ox0021 2:111 x:_sst - 3 3 ]
i X H TROOTII] 3 T oo
245 wire OUTO_RDIV_FORCE2 =1 ; 0x0028[3]  SPI_3WIRE ° ox0
246 wire [2:0] OUTO_FORMAT = 1 0x0028[5] AUTO_NDIV_UPDATE ° oxo
247 wire OUTO_SYNC_EN = 3 0x002C[3:0]  L0S_EN ° o0
248 wire :0] OUTO_DIS_STATE = o ;1” T = bard
289 ire :0] OUTO-CMOS_DRV: ol 0x0020[3:2]  LOS1_VAL_TIME ° exo
g;g w}'e )% OUTS_CH =1 x0020[5:4]  LOS2_VAL_TIME ° ox0
wire [2:0 OUTO_AMPL = ©x0020[7:6]  LOS3_VAL_TIME ° o0
252 wire [2:0] OUTO_MUX_SEL = @x002E(15:0] LOSO_TRG_THR ° ©x0000
252 v F1a01 auTn T 2 | | oxoo30[15:0] L0S1_TRG_THR ° @x0000
0x0032(15:0]  L0S2_TRG_THR ° @x0000
©0x0034[15:0]  LOS3_TRG_THR ° ex0000
0x0036[15:0]  L0SO_CLA_THR ° oxp000
9x0938[15:0] LOS1_CLR_THR ° %0000
©x003A[15:0]  L0S2_CLR_THR ° @x0000
0x003C[15:0] LOS3_CLA_THR ° 0x0000
©x0041[4:0]  L0SA_DIV_SEL ° ox00
0x0042[4:0]  L0S1_OIV_SEL ° exo0
0x0043[4:0]  LOS2_DIV_SEL ° x00
©x0044[4:0]  L0S3_DIV_SEL ° ox00
Ox009E(7:4]  LOL_SET_THR ° oxe
aaaaaaaaa AE BTSARE 1w 1 Py

Figure 2-6 Modify Si5340A Control IP Base on Design Report

After modifying and compiling, Si5340A can output new frequencies according to the
users’ setting.

Note : No need to modify all Design Report parameters in si5340a_i2c_reg_controller.v,
users can ignore parameters which have nothing to do with the frequency setting

2.2 Basic Nios Il control demo for

SI15340A/ Temperature/ Power/ Fan

This demonstration shows how to use the Nios Il processor to program programmable
clock generators (Si5340A) 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 monitoring fan rotation speed.

B System Block Diagram

Figure 2-7 shows the system block diagram of this demonstration. The Si5340A clock
generator is controlled through [2C controllers driven by Nios Il program. The 12V input
power monitor, temperature sensor and fan controller connected to the MAX10 FPGA
and controlled by internal logic circuits. All collected status data or control commands
will be sent to the SPI slave block so that the Agilex FPGA can read it through the SPI
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interface.

In the Agilex FPGA, an SPI master IP (implemented by HDL) will read these external
sensor data from the MAX10 FPGA through SPI interface. The Nios system will read
these information or output the PLL control settings through PIO controllers.

Platform
Designer

Figure 2-7 Block Diagram of the Nios Il Basic Demonstration

The system provides a menu in nios-terminal, as shown in Figure 2-8 to provide an
interactive interface. With the menu, users can perform the test for the external
programmable PLL and board info sensor. Note, pressing ‘ENTER’ should be followed
with the choice number.
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BN C:\intelFP GA_pro\21. 4\ quartush\binf4\nios2-terminal.exe

1, instance exee

Figure 2-8 Menu of Demo Program

In board info test, the program will display local temperature, remote temperature, 12V
input power monitor and fan rotation speed. The remote temperature is the FPGA
temperature, and the local temperature is the board temperature where the temperature
sensor located. A power monitor IC (LTC2945) embedded on the board can monitor
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 R5 (0.003 Q) for LTC2945 in the
circuit, when power on the Apollo Agilex, there will be a voltage drop (named ASENSE
Voltage) on R5. Based on sense resistors, the program of power monitor can calculate

the associated voltage, current and power consumption.

In the external PLL programming test, the program will program the PLL first, and
subsequently use TERASIC custom Platform Designer CLOCK_COUNTER IP to count
the clock count in a specified period to check whether the output frequency as changed
as configured. For Si5340A programming, please note the device 12C address is OxEE.
The program can control the Si5340A to configure the output frequency of
FMC_REFCLKO, FMC_REFCLK1, QSFP28 and QSFP28RSV according to your choice.

B Demonstration File Location
® Hardware project directory: NIOS_BASIC_DEMO
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IS |

7.

Bitstream used: Agilex_SOM.sof
Software project directory: NIOS_BASIC_DEMO\software
Demo batch file: NIOS_BASIC _DEMO\demo_batch\test.bat, test.sh

Demonstration Setup and Instructions

Make sure Quartus Prime is installed on the Host PC.

Power on the FPGA board.

Use the USB Cable to connect your PC and the FPGA board and install USB

Blaster Il driver if necessary.

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

NIOS_BASIC _DEMO\demo_batch.

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

message will be displayed in nios2-terminal.

For the PLL Si5340A test, please input key ‘0’ and input the desired output

frequency for eight clock sources, as shown in Figure 2-9.

B ChintelFPGA_prot\21.4\quartus\binf4\nios2-terminal.exe
Figure 2-9 Si5340A Demo
For temperature, power monitor and fan test, please input key ‘1’ and press ‘Enter’
in the nios-terminal, as shown in Figure 2-10.
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B CintelFPGA_pro\21.f\quartusibingd\nios2-terminal.exe

nios2-terminal: (Use the IDE stop button or Ctrl-C to terminate)

ex Demo Program

e
[

Figure 2-10 Board Info Demo

2.3 DDRA4 SDRAM RTL Test

This demonstration performs a memory test function using RTL code on the two DDR4
SO-DIMM on the Apollo Agilex board. Both DDR4 SO-DIMM are controlled by FPGA
fabric. The memory size of each DDR4 SO-DIMM SDRAM used in this test is 16 GB.

B Function Block Diagram

Figure 2-11 shows the function block diagram of this demonstration. There are two
DDR4 SDRAM controllers (DDR4A and DDR4B) in this project. All of the controllers use
33.333 MHz as a reference clock. Depending on the FPGA with different speed grade,
the controller generates clocks with different speeds. For details, please refer to Table
2-3. The test program will write data into SDRAM, after writing 16GB capacity, it will
read the values from SDRAM and check whether there is any error.
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FPGA

DDR4A SO—DIMM
SDRAM DDR4 (A) m oW Test

OCT N Conftroller
Ref CLK ———» Process

SDRAM

ocT— »
DDR4 (B) m
DDR4A SO-DIMM @ Controller RW_Test «—»

Figure 2-11 Block diagram of the DDR4 RTL demonstration

Table 2-3 DDR4 clock frequency for each speed grade of FPGA

FPGA Speed Grade DDR4 Clock Frequency(MHz)

AGFB014R24B1E1V 1600 (DDR4 3200)
AGFB014R24B2E2V 1333 (DDR4 2666)

B Agilex External Memory Interfaces
To use Agilex External Memory Interfaces controller for DDR4 SO-DIMM SDRAM,

please perform the two major steps below:

. Create correct pin assignments for the DDR4 SODIMM.
2. Setup correct parameters in the dialog of the Agilex FPGA External Memory

Interfaces.

B Design Tools
® Quartus Prime 21.4 Pro Edition or later

B Demonstration Source Code
® Project Directory: Demonstration\FPGA\RTL_DDR4_Test

®  Bit Stream: Agilex_SOM.sof

® Demonstration Batch File : RTL_DDR4_Test\demo_batch
The demo batch file includes following files:
€ Batch File: test.bat
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€ FPGA Configuration File: Agilex_SOM.sof

B Demonstration Setup

Make sure Quartus Prime Pro Edition is installed on the Host PC.

Connect the Apollo Agilex board to the Host PC via the USB cable. Install the USB-
Blaster Il driver if necessary.

Power on the Apollo Agilex board.

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

Press KEY1 (see Figure 2-12) to start DDR4 write & loopback verify process. It
will take about 1 second to perform the test. While testing, the LED will blink. When
LED stop blinking it means the test process is done.

The test result will show on LEDO and LED1. The LEDO represents the test result
for the DDR4A, the LED1 represents the test result for the DDR4B. if the
LEDO/LED1 light on, it means the test result is passed. If the LEDO/LED1 is off, it
means the test result is failed.

User can press KEY1 again to regenerate the test control signals for a repeat test.
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LED1 (DDR4B)
LEDO (DDR4A)

KEY1
(Test Start)

Ao J

Figure 2-12 Location of the KEY and LED on the Apollo Agilex board

2.4 DDRA4 SDRAM Test by Nios Il

Many applications use a high performance RAM, such as a DDR4 SDRAM, to provide
temporary storage. In this demonstration hardware and software designs are provided
to illustrate how to perform DDR4 memory access in the Platform Designer (formerly
Qsys). We describe how the memory controller Agilex External Memory Interfaces is
used to access the two DDR4 SO-DIMM SDRAM socket 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 the DDR4 SDRAM
by initializing the memory devices, managing the SDRAM banks, and keeping the
devices refreshed at the appropriate intervals.

B System Block Diagram
Figure 2-13 shows the system block diagram of this demonstration. In the Platform
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Designer (formerly Qsys), one 50 MHz, dual frequency OSC and PLL clock
generator(Si5340A) are used. The Si5340A and dual frequency OSC will provide
33.333Mhz clock to the DDR4A and DDR4B SO-DIMM socket as the reference clock.
There are two DDR4 Controllers which are used in the demonstrations. Each controller
is responsible for one DDR4 SO-DIMM socket (DDR4A and DDR4B). Each DDR4
controllers are configured as 16GB DDR4 controller. Depending on the FPGA with
different speed grade, the controller generates clocks with different speeds. For details,
please refer to Table 2-4. The Nios Il processor is used to perform the 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.

FPGA

Platform Designer
(formerly Qsys)

6 ) 50 MHz

On-Chip

NIOS i “ . Memory

DDR4A REFCLK PIO PIO
(33.333Mhz) “ “ “

IOPLL Controller Controller

DDR4 ~ DDR4A

“ Controller SODIMM

DDR4B REFCLK

(33.333Mhz) JTAG “
DDR4 DDR4B
Timer “ “ Controller “ SODIMM

System Interconection Fabric

Figure 2-13 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 8GB 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 verification. Maybe the process takes a long time, and there
is a quick test. The Nios Il program writes a constant pattern into the address line and
data line and reads it back for verification. The program will show progress in Nios |l
terminal when writing/reading data to/from the SDRAM. When verification process is
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completed, the result is displayed in the Nios Il terminal.

Table 2-4 DDR4 clock frequency for each speed grade of FPGA

FPGA Speed Grade DDR4 Clock Frequency(MHz)

AGFB014R24B1E1V 1600 (DDR4 3200)
AGFB014R24B2E2V 1333 (DDR4 2666)

B Design Tools
® Quartus Prime 21.4 Pro Edition

B Demonstration Source Code
® Quartus Project directory: NIOS_DDR4_Test

® Nios Il Eclipse: NIOS_DDR4_Test \software

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 Il Eclipse.

B Demonstration Batch File
Demo Batch File Folder: NIOS_DDR4_Test\demo_batch

The demo batch file includes following files:

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

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

. Make sure Quartus Prime and Nios Il are installed on your PC.
2. Power on the FPGA board.
Use a USB Cable to connect the PC and the FPGA board and install USB Blaster

Il driver if necessary.
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Execute  the demo batch  file “test.bat” under the  folder
“‘NIOS_DDR4_Test\demo_batch”.

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

For DDRA4 test, please input key ‘0’ and press ‘Enter’ in the nios2-terminal as shown
in Figure 2-14. The program will display progressing and result information.

For DDR4 quick test, please input key ‘1’ and press ‘Enter’ in the nios2-terminal as
shown in Figure 2-15. The program will display progressing and result information.
Press ButtonO~Button1 of the FPGA board to start SDRAM verify process, and
press ButtonO for continued test.

BN ChintelFPGA_prot21.4\quartusibinBd\nios2-terminal.exe
(B in @.1s

ware targ r JTAG UART on cable

ermina ollo Agil
terminal: (Use the IDE stop button or

====== T OE 1 w2 F'r'qjgr-.:'m] =======

Figure 2-14 Progress option [0] DDR4x2 Test
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BE ChintelFPGA_prot21.4\quartu skhinM\ninsl—terminal.exe
i instance B8x86
tanEt pr

Initializing CPU cache (if prese
Ok
Downloaded 128KE in 8.1s
Veritied OK
Waiting to allow other programs to start: done
Starting processor at address 8x49080238

2-terminal: connected to hardware target using JTAG UART on cable

terminal: "Apollo HﬂllEl [UusB-1]", T 1, instance ©

nios2-terminal: (Use the IDE stop button or Ctrl-C to terminate)

S DDR4x2 Program

¢ BUTTON on the boar ar \ F continued test]
? Testing, Iteration: !
? Reset durations, @ seconds
? Calibration Duration:®.888 seconds,

DDR4-A Testing...
DDR4A address bank:
DDR4A address bank:
DDR4A address bank:
DDR4A address bank:
DDRAA address bank:
DDRAA : B bank:
DDR4A addr bank
DDR4A addr ban
DDR4A addr bank
DDR4A addr bank:
DDR4A add bank:
DDR4A add bank:
DDRAA adac ke
DDOR4A adc
DDRAA
DDRAA
DDRAA ,
== DDR4-B Testiﬂg...
DDRAB address bank:
DOR4B address bank
DDOR4B address
DDR4B addres
DDR4B addres
DDR4B addres
DDR4B addrer
DDR4AE adco
DDRAE ada
DDORAB adc
DDOR4B adc
DDRAE :
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Flgure 2-15 Progress and Result Information for “DDR4 Quick Test”
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2.5 Board Information IP

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

The Apollo Agilex board provides several sensors to monitor the status of the board,
such as Agilex FPGA temperature, board power monitor, and fan speed status. These
interfaces are connected to the system MAX FPGA on the board. The logic in the system
MAX FPGA will automatically read the status values of these sensors and store them in
the internal register. As shown in Figure 2-16, there is an SPI slave IP in the system
MAX FPGA will read the value of the board status from these registers and it can be
output to SPI master logic via SPI interface.

MAX10 FPGA Agilex FPGA

B Temperature

Figure 2-16 the board information IP architecture

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

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

Figure 2-17 shows the input and output pins of the board information IP. Detailed pin
descriptions and functions can be obtained from Table 2-5 Board information IP input
and output ports. The user only needs to provide the IP 50Mhz clock and the reset
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control signal. The IP will automatically communicate with the system MAX FPGA to get
the boar status value via the SPI interface. When the logic level of the Info_Valid signal
is from low to high, it means that the board status has been updated and can be used.

Finally, Figure 2-18 shows the status of the IP during execution.

SCLK ’

MISO <—— To System Max
MOSI ——» SPl interface

CS_n .

Input Clock ——  »{ CLK_50
AndReset ] RESET_N

Info_Valid[15:0]
Board_Version[15:0]
MaxCode_Version[15:0]
Powerln_Voltage[15:0]
Powerln_Current[15:0]
CORE_Voltage [15:0]
CORE_Current [15:0]
CORE_Voltage2[15:0]
CORE_Current2[15:0]
Fan_Speed[15:0]
Temp_Board[15:0]
Temp_Board2[15:0]
Temp_FPGA[15:0]
Temp_SDM [15:0]
Temp_ETILE[15:0]
Temp_PTILE 15:0]
PIN_STATUS[15:0]

To User Logic

LTI,

Figure 2-17 Pin out of the board information IP

Table 2-5 Board information IP input and output ports

CLK_50 Input 1 Clock input for IP, please input 50Mhz clock.
RESET_N Input 1 Reset signal for IP, reset all logic.
Master data output. Please connect this signal
MOSI Output 1
to the INFO_SPI_MOSI pin.
Master data input. Please connect this signal
MISO Input 1
to the INFO_SPI_MISO pin.
Slave Select, Master output. Please connect
CS n Output 1
this signal to the INFO_SPI_CS_n pin.
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Serial Clock, SPI master output to salve.

SCLK Output 1 Please connect this signal to the
INFO_SPI_SCLK pin.
Information valid, logic high indicates board
Info_Valid Output 1
status updated ready.
This information indicates the version of the
Board_Version Output 16 DE10-Agilex board. It will be started at
0x000A.
This information indicates the version of the
MaxCode_Version |Output 16 System MAX 10 FPGA code. It will be started
at 0x0001.
12V Voltage, the unit of the output value is mV.
Powerln_Voltage |Output 16 If the Powerln_Voltage output value is
“12050” that means 12.05V for 12V power
Output 16 Current of the 12V power, the unit of the output
Powerln_Current
value is mA. If the Powerln_Current
Output 16 Core voltage of the first power channel , Unit is
CORE_\Voltage
mV
CORE_Current Output 16 Current of the first power channel , Unit is mA
Output 16 Core voltage of the second power channel
CORE_\Voltage2
Unit is mV
Output 16 Current of the second power channel , Unit is
CORE_Current2
mA
Output 16 First fan speed of the board. The unit of the
Fan_Speed
output value is RPM.
Output 16 First ambient temperature of the development
Temp_Board
board. The unit of the output value is Celsius.
Output 16 Second ambient temperature of the
Temp_Board2 development board. The unit of the output
value is Celsius.
Output 16 Core FPGA temperature of the development
Temp_ FPGA
board. The unit of the output value is Celsius.
Output 16 SDM FPGA temperature of the development
Temp_SDM
board. The unit of the output value is Celsius
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Output 16 Temperature of the E-TILE transceiver in the
Temp_ETILE
FPGA. The unit of the output value is Celsius

Output 16 Temperature of the P-TILE transceiver in the
Temp_PTILE
FPGA. The unit of the output value is Celsius

Output 16 BIT8~15 : Reserved to 0.

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

BIT6 : Reserved to 1.

BIT5: When shutdown occurs, this bit is 0.
PIN_STATUS BIT4: Reserved to 1.

BIT3: Reserved to 0.
BIT2:FPGA_CONF_DONE,FPGA Configure
success, this bit is 1.

BIT1: Reserved to 1.

BITO: Reserved to 1..

= Pre-Syn *BOARD_INFO_i|Board_Version[15..0] 000Ah
= Pre-Syn BOARD_INFO_i|MaxCode_Version[15..0] Q0a1h
= pre-syn BOARD_INFO_i|Powerin_voltage[15..0] 11778
cs Pre-Syn BOARD_INFO_i|Powerln_Current[15..0] 1616
cs Pre-Syn BOARD INFO_i|CORE_Voltage[15.0] 868
= Pre-Syn BOARD_INFO_i|CORE_Current[15.0] 1378
= Pre-Syn BOARD INFO_i|Fan_Speed[15..0] 2520
S Pre-Syn BOARD _INFO_i| Temp_FPGA[15..0] 38
S Pre-Syn BOARD _INFO_i| Temp_Board[15..0] 28
% Pre-Syn BOARD_INFO_i[PIN_STATUS[15..0] 00F7h
s Pre-Syn “BOARD_INFO_i| Temp_SDM[15..0] 38
s Pre-Syn “BOARD_INFO_i| Temp_ETILE[15..0] 40
s Pre-Syn “BOARD_INFO_i| Temp_PTILE[15..0] 29
ci Pre-Syn “BOARD_INFO_i|CORE_Voltage2[15..0] 868
= Pre-Syn BOARD_INFO_i| CORE_Current2[15..0] 853
= Pre-syn BOARD_INFO_i[ Temp_Board2[15.0] 30
*- Pre-Syn | BOARD_INFO_i|Info_valid

Figure 2-18 Waveform of the board status output
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2.6 100G Ethernet Example

This 100G Ethernet example is generated according to the documents E-Tile Ethernet

IPfor Intel Agilex FPGA Design Example. The E-Tile Ethernet IP is used in the example
design. The IP is configured as 100GE MAC+PC with (528,514) RS-FEC. This example
executes the internal and external loopback test through four-channel of one QSFP28

ports on the FPGA main board. For external loopback test, a QSFP28 loopback fixture
is required, otherwise only internal loopback test be available. Figure 2-19 shows the
block diagram of this demonstration.

To consale E-Tile Hard IP for Ethernet Intel FPGA IP Core
T i ck_tx o
i_clk_rx q
i_dlk g
o_ck_pll_dive4 RX
Client | RXMAC(lient Interface MAC + PCS with Optional RS-FEC
Logic | " TX MAC Clent Interface
TX
P Reconfiguration, Reset
~ and Status Interface i__clk_ref
< _dk_ I—I

refclk

Figure 2-19 Block diagram of 100GbE demo

B Project Information
The Quartus project is located in CD\Demonstration\FPGA folder. Project information is
shown in the table below.

ltem Description

Project Location Ethernet_100G

Quartus Project Ethernet_100G\hardware_test_design

FPGA Bit Stream Ethernet_100G\demo_batch

Test Scrip File Ethernet_100G\hardware_test_design\hwtest\main.tcl
Quartus Version Quartus Prime 21.4 Pro Edition

Figure 2-20 shows the IP setup for the demonstration. Single 100GE with optional
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RSFEC Core Variant is selected and Enable RSFEC is checked.

Details

E-Tile Ethernet IP for Intel Agilex FPGA

alt_ehipc3_fm Generate Example Design...

[P r 100GE rPMA_Adaptation |’Examp|e Design |

-

|' Core Options e
Select Core Variant: QSingIe 100GE with optional RSFE_Q -
Number of Channels of 10GE/25GE: T AT

Active Channel(s) at startup:

[] Enable IEEE 1588 PTP
|IEEE1588/PTP channel placement restriction: | |

Enable RSFEC
First RSFEC Lane:

RSFEC Clocking Mode:

[] Enable ANILT

[] Enable external AIB clocking

Figure 2-20 Core Variant Setup for Ethernet IP

Four transceiver channels are used in the Quartus Project. The pre-compiled .sof files
on the demo_batch folder.

B Demonstration Setup

Here is the procedure to setup the demonstration. A QSFP28 loopback fixtures are
required for external loopback. If you don’t have the loopback fixture, please use
run_test instead of run_test_ex in the following demonstration procedure. The
run_test enables transceiver serial loopback for internal loopback.

1. Insert a QSFP28 loopback fixture into the QSFP28 port on the Apollo-Som board,
as shown in Figure 2-21.

2. Connect the host PC to the FPGA board using a mini-USB cable. Please make sure
the USB-Blaster Il driver is installed on the host PC.

3. Goto demo_batch folder and execute test.bat to configure FPGA. There are four
pre-compiled sof files are available.

4. Open alt_ehipc3_fm_100GE Quartus Project and launch the System Console by
selecting the menu item Tools =» System Debugging Tools =»System Console

in Quartus.
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5. In the System Console window, input the following commands to start the loopback
test, as shown in Figure 2-22.
%cd hwtest
%source main.tcl
%run_test_ex
6. The loopback test report will be displayed in the Tcl Console, as shown in Figure
2-23 and Figure 2-24.

Figure 2-21 Setup QSFP28
loopback fixture
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Figure 2-22 Launch the System Console for Ethernet 100G Demo

| Console 2

STATISTICS FOR BASE 2304 (Rx)

Fragmented Frames -0
Jabbered Frames 0
Any Size with FCS Err Frame HE |
Right Size with FCS Err Fra HE |
Multicast data Err Frames : 0
Broadcast data Err Frames HR ]
Unicast data Err Frames HE |
Multicast contrel Err Frame : 0
Broadcast contrel Err Frame Y
Unicast contrel Err Frames HR ]
Pause contrel Err Frames HR ]
64 Byle Frames 7298
65 - 127 Byle Frames o 7024
128 - 255 Byle Frames o 14578
256 - 511 Byte Frames . 28646
512 - 1023 Byte Frames © 57403
1024 - 1518 Byte Frames : 55934

1519 - MAY Byte Frames -0

> MAX Byte Frames ;1670922
Rx Frame Starts : 1841805
Multicast data OK Frame HR ]
Broadeast data 0K Frame : 0
Unicast data 0K Frames : 1837811
Multicast Contrel Frames HR ]
Broadcast Contrel Frames : 0
Unicast Contrel Frames HR ]
Pause Control Frames HR ]

Figure 2-23 Ethernet 100G loopback test report for RX
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2.7 24G CPRI Example

Tel Console &

STATISTICS FOR BASE 2048 (Tx)

Fragmented Frames

Jabbered Frames

Any Size

Right Size with FCS Err Fra
BMulticast data Err Frames
Broadcast data Err  Frames
Unicast data Err Frames
Multicast contrel Err Frame
Broadeast contrel Ere Frame

Unicast contr

Fause control Err Frames
64 Byte Frames

127 Byte Frames

128 - 255 Bvte Frames
256 - 511 Byte Frames

512 - 1023 Byte Frames

24 - 1518 Byte Frames
1519 - MAX Byte Frames
> MAX Byte Frames
Tx Frame Starts
Bulticast data OK Frame
Broadcast data 0K Frame

Unicast data Ok Frames

Multicast Contrel Frames
Broadeast Conlro ames
Unicast Control Frames
Pause Control Frames

0

%

1th FCS Err Frame

Err  Frames

Figure 2-24 Ethernet 100G loopback test report for TX

This 24G CPRI example is generated according to the documents E-Tile Ethernet IP for

Intel Agilex FPGA Design Example. The E-Tile CPRI IP is used in the example design.

The IP is configured as 24G. This example executes the internal and external loopback

test through four-channel of one QSFP28 ports on the FPGA main board. For external

loopback test, a QSFP28 loopback fixture is required, otherwise only internal loopback

test be available. Figure 2-25 shows the block diagram of this demonstration.
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100 MHz 156.25 MHz

Sources and PLL Lock Status
Probes Channel PLL
Sources and ||| Round Trip Counter External AIB dlk
Probes Sampling dock
Start and Stop Pulse
- E-Tile CPRI PHY Intel FPGA IP —>
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Note:
(1) The CPRI designs with 2.4/3.07/4.9/6.1/9.8 Gbps (PRI line rates use 8b/10b interface and all other CPRI line rates designs use Mil interface.
(2) The CPRI designs with 2.4/3.07/4.9/6.1/9.8 Gbps (PRI line rates need 153.6 MHz transceiver reference clock and all other CPRIline rates need 184.32 MHz.

Figure 2-25 Block diagram of 24G CPRI demo

B Project Information
The Quartus project is located in CD\Demonstration\FPGA folder. Project information is

shown in the table below.

ltem Description

Project Location CPRI

Quartus Project CPRNMhardware_test_design

FPGA Bit Stream CPRI\demo_batch

Test Scrip File CPRN\hardware_test_design\hwtest\main.tcl
Quartus Version Quartus Prime 22.1 Pro Edition

Figure 2-26 shows the IP setup for the demonstration. Single 24G Core Variant is

selected .
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Systerm: ex_10G  Path: ak_cpriphy_c3_0

E-

Tile CPRI PHY Intel FPGA IP

alt_cpriphy_c3 Generate Example Design...

CPRIChannel(s) | PMA Adaptation | Example Design |

|' CPRI General Options

CPRI Rate: @.33024(3 (E4b/6Ek) | - >

|:| Enable reconfiguration to Sk 0k

|v CPRI PMA Options

PHY Reference Freguency: ‘ | | MHz

1]

<]

Il [ [ #]

Figure 2-26 Core Variant Setup for CPRI IP

Four transceiver channels are used in the Quartus Project. The pre-compiled .sof files

on the demo_batch folder.

Demonstration Setup

Here is the procedure to setup the demonstration. A QSFP28 loopback fixtures are

required for external loopback. If you don’t have the loopback fixture, please use

main_script_interloopback.tcl instead of main_script.tcl in the following demonstration

procedure. The main_script_interloopback.tcl enables transceiver serial loopback for

internal loopback.

7. Insert a QSFP28 loopback fixture into the QSFP28 port on the Apollo-Som board,
as shown in Figure 2-27.
8. Connect the host PC to the FPGA board using a mini-USB cable. Please make sure
the USB-Blaster Il driver is installed on the host PC.
9. Goto demo_batch folder and execute test.bat to configure FPGA. There are four
pre-compiled sof files are available.
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10. Open alt_cpriphy_c3_hw Quartus Project and launch the System Console by
selecting the menu item Tools = System Debugging Tools =»System Console
in Quartus.

11. In the System Console window, input the following commands to start the loopback
test, as shown in Figure 2-28.

%cd hwtest_sl
%source main_script.tcl

12. The loopback test report will be displayed in the Tcl Console, as shown in Figure

2-29.

Figure 2-27 Setup QSFP28 loopback fixture
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Channel O @ Wait for measure_valid to assert

measure valid is asserted

Channel 0 : Get checker_pass status:

Checker value

Checker status = Fassed!

Channel 0 : Read Determenistic latency counts
Channel 1 : Wait for measure_valid to asserl

measure_valid 1s asserted

Channel : Get checker_pass statu

Checker value = 1

Checker status = Passed!

Channel 1 : Read Determenistic latency counts
Channel 2 @ Wait for measure valid to assert

measure valid is asserted

Channel 2 : Get checker_pass status:

Checker value = 1

Checker status = Passed!

Channel 2 : Read Determenistic latency counts
Channel 3 @ Wait for measure_valid to assert

measure_valid is asserted

Channel 3 : Get checker_pas

Checker value = 1

Checker status = Passed!

Channel 3 @ Read Determenistic latency counts
Info: Loop 0 passed
End of loep 0
Infe: End ef ¢3_cpri_test
Info: Total leop passed =
Info: Test <c3 cpri_test> Passed

Figure 2-28 Launch the System Console for 24G CPRI Demo

Figure 2-29 24G CPRI loopback test report
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Chapter 3
Examples for HPS SoC

his 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 Apollo Agilex board such as users LED/KEY, Network
Communication. All the associated files can be found in the directory
Demonstrations/SOC of the Apollo Agilex System CD.

To install the demonstrations on the Host computer: Copy the directory Demonstrations
into a local directory of your choice. Intel SoC EDS Pro v19.4 is required for users to
compile the c-code project.

3.1 HPS 2x6 GPIO Header

This demonstration shows how to use the Linux BSP built-in GPIO driver to control the
GPIO port in the GPIO header (J16) to perform loopback test. Note, the Apollo Agilex
Module Linux BSP already build-in the GPIO driver.

B How to control GPIO

Here is an example procedure to control a GPIO N:

1. Export GPIO: Open device file “/sys/class/gpio/export”, write a gpio number N to
the file, and close the file.

2. Configure GPIO Direction: Open device file “/sys/class/gpio/gpioN/direction”, write
“out” or “in” to the file, and close the file.

3. Read/Write GPIO Value: Open device file “/sys/class/gpio/gpioN/value”, read/write
value to the file, and close the file.

4. Unexport GPIO: Open device file “/sys/class/gpio/unexport”, write number N to the

file, and close the file.
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B Function Block Diagram

Figure 3-1 shows the function block diagram of the HPS TMD 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 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 “17); the
direction file is used to set the gpio port’s data direction.

SoC FPGA ARM Program

HPS Linux User Mode
A User APP

HPS TMD GPIOI1

System Call

GPIO Header | Controller Linux kernel Mode
| GPIO Driver |

Figure 3-1 Function block diagram of HPS TMD GPIO Header demonstration

B Function Implement

The ¢ project include main.c and gpio_lib.c files. The main.c implements the loopack
test. The gpio_lib.c implement five GPIO 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.
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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.

B Loopback Implement

There are four gpio ports used to loopback. They are HPS_GPIO0, HPS_GPIO1,
HPS GPIO2 and HPS GPIO3. The Loopback includes two test patterns, the
differences between them are data direction and test data value. In test one, we set the
four GPIO port as “out” , “in”, “out”, “in” respectively, and the test data is a 32-bit value
“Ox1234f0f0".

Described below are the loopback’s implementation procedure:

Export gpios
Set gpio’s data direction
Data write and read back

Verify the received data

B Demonstration Setup
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1. Use two jumper caps to connect HPS_GPIOO0 to HPS_GPIO1 and HPS_GPIO2 to
HPS_GPIO3 in hps gpio header(J16) on the Apollo Agilex Module. Figure 3-2
shows the pin location below.

HPS_GPIOD_E 1 .7 HPS_I2C_SCL_E
AFS_GRIOT E 741 TIE _IOC_SDA_
APS_GPTOZ_E 342 B PE HAPS GRIUEE
AFS GPI03_E 13 oL
—gc 5 1 ::12I
VCC3IP3— de 12 pre—
cass 2x6_header_socked] HPS 2x6 TMD Header

.|”_E|

Figure 3-2 GPIO Header Pin location

2. Connect a USB cable to the Mini USB connector (J8) on the Apollo S10 Module and
the Host PC.

3. Copy the executable file "hps_gpo_loopback" into the microSD card under the
"Ihomelterasic" folder in Linux. (Apollo Agilex Module Linux BSP has pre-installed
this code, so users can skip this copy action.)

4. Insert the Apollo Module Module Linux BSP micro SD card into the board.

5. Power on the Apollo Module Module.

Launch Putty to establish the connection between the UART port of Apollo Module
Module and the Host PC.

7. In the Putty UART terminal, type user name "terasic" and password “123” to login
Linux.

8. Type “sudo ./hps_gpio_loopback” in the UART terminal to start the program. Input
password “123” if system query password for terasic.

9. You will see the loopback test successfully in the Putty UART terminal as shown in

Figure 3-3.
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EP COM11 - PuTTY - O X

Figure 3-3 Loopback test successfully (neet update)

3.2 HPS LED/KEY

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

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

Open LED device: Open device file “/sys/class/leds/hps_led0/brightness”.
2. Turn on/off LED: Write data to the device file for LED control. Write “1” to turn on
LED, write “0” to turn off LED.

3. Close LED device: Close the device file.

B Function Block Diagram

Figure 3-4 shows the function block diagram of the HPS LED/KEY demonstration. The
built-in LED and GPIO driver offers interfaces, to which the application can use system
call such as open, read, write to access.
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FPGA SOC ARM Program
HPS Linux User Mode

| User APP

HPS LED F<4—
GPIO1

Controller Linux kernel Mode
GPIO Driver [ 1 &

System Call

Figure 3-4 Function block diagram of HPS LED/KEY demonstration

B Function Implement

The c¢ project include main.c, gpio_lib.c and led_lib.c files. The main.c implements the
demo main flow. The gpio_lib.c is the same as the one used in HPS TMD GPIO
Loobpack Demo. The led_lib implement three LED functions, described as following:
int led_fd_open (unsigned int led);

The led_fd_open function is used to open the LED device file with the specified LED
number as parameter. The function return a file descriptor for the LED device.

int led_fd_write (int fd, const void *buf, size_t count);

The led_fd_write function is used to write data to the LED device file. It is used to turn
on/off the LED.

int led_fd_close(int fd);

The led_fd_close function is used to close a file descriptor.

int gpio_set_dir(unsigned int gpio, unsigned int out_flag);

With the file descriptor return by led_fd_open function, user can use led_fd_write to trun
on/off the LED. Call “led_fd_write(fd_led, “1”, 2) “ will turn on the LED, and Call
“led_fd_write(fd_led, “0”, 2) “ will turn off the LED

B Flow Control Implement

The flow control is implemented in main.c. When HPS KEY is pressed, the HPS LED
will be turn off. When HPS KEY is released, the HPS LED will be turn on. The GPIO
functions implemented in gpio_lib.c are used to monitor HPS KEY status. The LED
functions implemented in led_lib.c is used to turn on/off the HPS LED.

Figure 3-5 shows the procedure in main.c file, you can find it's very clear.
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(] export gpiod
gplo_export(io_key):l
gpio_set_dir(io_key, 0):4

4

fd_led = led_fd_open(io_led) ;s

+
while (1 == 03 (4
gpio_get_value(io_key, &value);l

if (value)
led fd write(fd led, "1", 2):4
elsed
led fd write(fd led, "0, 2):4
printf("key: %xn", value):d
sleep(1)id
T
4

led_fd_close(fd_led):L
gpio_unexport{io_key):l

Figure 3-5 LED/KEY implemented in ¢ code

B Demonstration Source Code

e  Build tool: WSL + GNU Compiler

e Project directory: \Demonstration\SoC\hps_led_key

e Binary file: hps_led_key

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

B Demonstration Setup

1.

Connect a USB cable to the Mini USB connector (J8) on the Apollo S10 Module and

the Host PC.

Copy the executable file "hps_led_key" into the microSD card under the

"Ihomel/terasic" folder in Linux. (Apollo Agilex Module Linux BSP has pre-installed

this code, so users can skip this copy action.)

Insert the Apollo Agilex Module Linux BSP micro SD card into the Apollo Agilex

Module.

Power on the Apollo Agilex Module.

Launch Putty to establish the connection between the UART port of Apollo S10

Module and the Host PC.

In the Putty UART terminal, type user name "terasic" and password “123” to login

Linux.

Type “sudo ./hps_led_key” in the UART terminal to start the program. Input

password “123” if system query password for terasic.
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8. You will see the loopback test successfully in the Putty UART terminal as shown in
Figure 3-6.
9. Press HPS KEY will make key value become 0 and HPS LED unlighten.

10. Press CTRL+C can terminate the program.

Figure 3-6 LED/KEY test

3.3 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 3-7. 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.
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Socket

Figure 3-7 Communicate on a network via a socket

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 3-8 shows the communication diagram between the client and server.
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Figure 3-8 Client and Server communication

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

Create a socket with the socket() system call

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

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:

Create a socket with the socket() system call

Bind the socket to an address using the bind() system call. For a server socket
on the Internet, an address consists of a port number on the Host machine.
Listen for connections with the listen() system call

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

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
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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 3-9 shows the socket relative code statement. In the program, socket
APl 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_IMET, SOCK_STEEAM, 00;L
if (sockfd < 03 4
grror( "EEROR opening sockeb"); .
bzero((char *) &serv_addr, sizeof(serv_addr));.
porkno = atoifarev[11);4
serv_addr. sin family = AF INET, .
serv_addr,sin addr.s_addr = INADDE_ANTY ;.
serv_addr.sin port = htons(portno) ;.
if (bind(sockfd, (struct sockaddr *) &serv_addr,.
sizenf(serv_addr)) < 0) o
grror( "EERCE on binding"); .
listen(sockfd,5); 4
clilen = sizeof(cli_addry;.
newsockfd = accept(sockfd, .
(struct sockaddr *) &cli_addr, |
gclilen); L

if (newsockfd < 0) 4

grror("BRERECE on accept");L
bzero(baffer, 25687,
n = read(newsockfd,baffer, 2550 ;.
if (n< 0) error("BEECE readine from socket™);.
printf("Here is the messace; ®sin",baffer); .
n = write(newsockfd, "I zot your messase”,18);4
if (n< 0) error("ERRECE writing to sockeb");)
close(newsockfd); .
close(sockfd); .

Figure 3-9 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 message, the message is sent to a remote socket server
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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 3-10 shows the socket relative code
statement. In the program, socket API is used to create a SOCK_STREAM socket,
connect APl 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_STEEAM, 07,4
if (sockfd < D) 4
grror("EEROR openine socket") ;.
seIvel = pethostbymamelarev[1]);)
if (server = MULL) {J
fprintf(stderr,"ERROE, no soch hostin");.)
exit (07,4
T
bzero((char *) &serv_addr, sizeof(serv_addr));.
serv_addr.sin_family = AF INET;.
beopy((char *)server-»h_addr, .
(char *)&serv_addr, sin_addr.s_addr,.
serveI-»h lensthy; s
serv_addr,sin port = htons(portno);
if (commect(sockfd,(stroct sockaddr *) &serv_addr,sizeof(serv_addr)) < 0)
grror("EREOR comnecting");l
printf("Flease enter the messase: "))
brero(baffer, 2567 ;1
feets(baffer,255,stdin);
n = write(sockfd, buffer,strlenibafferiy; .
if (n<0) 4
error("ERECE writing to socket");)
bzero(baffer, 2507 ;1
n = read(sockfd,buffer,255);4
if (m<0) 4
srror( "ERRECE 1eading from socket™); 4
printf("%sin" baffer);L
close(sockfd); s

Figure 3-10 Socket Client Code

B Demonstration Source Code

The source code of the design example is located in the Demonstration folder as shown
in Figure 3-11. 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 3-11 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.

Connect the Apollo Agilex Module to Network via Ethernet port (J10).

Connect a USB cable to the Mini USB connector (J9) on the Apollo Agilex Module
and the Host Windows PC.

Copy the executable file “socket_server’ into the microSD card under the
"Ihomel/terasic" folder in Linux. (Apollo Agilex Module Linux BSP has pre-installed
this code, so users can skip this copy action.)

Insert the Apollo Agilex Module Linux BSP micro SD card into the Apollo S10 Module.
Power on the Apollo Agilex Module.

In Windows, launch the Putty to connect Apollo Agilex Module via the USB-to-UART
link.

In the Putty, type user name "terasic" and password “123” to login Linux.

Type “ifconfig” to query the IP address which will be used in socket_client.

Type " ./socket_server 2020" to launch the server program with port number 2020
as shown in Figure 3-12. The port number can be any value between 2000 and
63500.
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EF COM11 - PuTTY

Figure 3-12 Start Socket Server

Here is the procedure to start the socket client program and communicate with the client

server program:

1.

Make sure the WSL is installed on your Windows and the Windows is connected to
a network.
Launch WSL.
Copy the client program (linux/socket_client/socket_client) in the example kit to the
WSL.
In the WSL, change the current directory to the directory where socket client is
located.
Then, type “./socket_client <ip address> 2020” to launch the client program to
connect to the Host server with port number 2020 as shown in Figure 3-13.

B’ root@Richard: ~

ootk ichard :(~# . /gocket_client/ 192.166.1.193

Figure 3-13 Start Client Program
If connection is established successfully, a prompt message “Please enter the
message.” will appear. Type “hello”, then an echo message “l got your message”
will be sent from the client server and shown on terminal as shown in Figure 3-14.
At the same time, the socket server program will dump the received message at
which point it is terminated as shown in Figure 3-15.
]
client 192.168.1.193
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Figure 3-14 Send Message in Client Program

EF COMI1 - PuTTY

Figure 3-15 Server dumps received message

3.4 Build C/C++ Project

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

First, user need to install tool chain:
Login Linux or WSL on Windows.
Type “cd ~”
Type
“‘wget https://developer.arm.com/-/media/Files/downloads/gnu-a/10.2-
2020.11/binrel/gcc-arm-10.2-2020.11-x86_64-aarch64-none-linux-gnu.tar.xz”
Type “tar xf gcc-arm-10.2-2020.11-x86_64-aarch64-none-linux-gnu.tar.xz”
Type “git clone https://github.com/altera-opensource/intel-socfpga-hwlib” to

download HPS hardware library.

Here is the procedure to compile the example projects in System CD:
1. Login Linux or WSL on Windows.
Type “cd ~”
Copy the CD Demo project into the Linux System and go to the project folder.

H wN

Type “make” to build project as shown in Figure 3-16.

Figure 3-16 Build C/C++ Project
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Chapter 4

Additional Information

4.1 Getting Help

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

B Terasic Technologies

No.80, Fenggong Rd., Hukou Township, Hsinchu County 303035. Taiwan
Email: support@terasic.com

Web: www.terasic.com

Apollo Agilex Web: agilex-som.terasic.com

B Revision History

Date Version ‘ Changes
2022.07 First publication
2022.08 V1.1 Modify chapter 3
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