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The contents of this manual are current as of February 2025.

Some of the software, hardware, and operating procedures described in this manual are common even if they are
not the specified versions or devices, but some of them may not be common.

Symbols in Documentatio

@ Info Provides supplementary information.

® Point Important points are included.

Reference Reference materials and sites are introduced to deepen your understanding.

Z\ Note Although not discussed in detail in this document, the information and knowledge required is provided.
O Prohibited Notes and what not to do are provided.

Notations in sentence

Underline Click to jump to another chapter in the document or to an external site.

Bold italic Indicates the characters displayed on menus and windows when operating on the screen.
xxxxxm@ Indicates the command string to be entered.

Shaded Indicates the tool to be used.

.
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1. Overview

In this exercise, you will learn how to develop Cyclone® V SoC hardware and software using the Cyclone® V SoC FPGA

evaluation kit DEO-Nano-SoC Kit/Atlas-SoC Kit (Atlas-SoC board below) or DE10-Nano Kit (DE10 Nano board below).

By completing this exercise, you will learn the basic operations of the Quartus® Prime development software, the
development environment for Altera® SoC FPGA, the Platform Designer system configuration tool (formerly known as
Qsys System Integration Tool), and the SoC FPGA Embedded Development Suite (SoC EDS) software development

environment.

This exercise consists of the following 4 parts:
® lab 1: Hardware Exercise
® |lab 2: Software Exercise (1)
® Lab 3: Software Exercise (2)
(]

Lab 4: Linux Application Exercise (optional exercise)

Lab 1 uses Quartus® Prime to configure the hardware including the Arm°® processor and design a simple SoC system.
Lab 2 uses the SoC EDS tool to generate the 28 nm generation boot loader, Preloader.

Lab 3 uses Arm® Development Studio for Intel® SoC FPGA Edition (Arm® DS below) to develop software and debug

bare metal applications.

Lab 4 uses an SD card image to run Linux on the SoC device and then runs and debugs the application using Arm® DS.

@ Info:
Lab 4 is an optional exercise that will not be available at our company SoC Startup Trial Seminar due to time

constraints.

® Info:
Starting with version 20.1, the SoC EDS standard integrated development environment tool is Arm” Development
Studio (Arm” DS). The previous product, Arm® Development Studio 5 (DS-5"), is available for pre-version 19.4

environments.

.
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1-1. Requirements

The following software is used in this exercise.

Quartus’ Prime Standard Edition v20.1 (Lite Edition is also available)

You will also need to register Cyclone® V as Device Data.
Download and installation instructions are available at:

How to Download Intel® Quartus® Prime Development Software and Questa” - Intel” FPGA Edition

How to Install Intel” Quartus® Prime Development Software and Questa” - Intel” FPGA Edition

SoC FPGA Embedded Development Suite Standard Edition v20.1 (SoC EDS)

For installation instructions, refer to the following website:

How to install SoC FPGA Embedded Development Suite (SoC EDS) ver. 20.1

Exercise Data (SoC-Trial_Seminer_Lab_data_atlas_de10nano_v20.1_r2.exe)

When you double-click the exercise data .exe file, it will be expanded to the following location by default:
C:¥lab¥soc_lab¥cv_soc_lab

This document assumes that the exercise data is expanded to the above location.

Host PC OS: Windows" 10 Enterprise

This exercise uses Windows" 10 Enterprise (version 1803) to verify operation.

7\ Notes:

When using SoC EDS v20.1std in a Windows® 10 environment, the tools bsp-create-settings and sopc-create-header-
files must be resolved before running.
After setting up SoC EDS, you should also review the following reference sites:

[£) Reference:

Macnica Altera FPGA Insights "Workaround for bsp-create-settings execution error in SoC EDS environment"

[£) Reference:

Macnica Altera FPGA Insights "Workaround for sopc-create-header-files execution error in SoC EDS environment"

* This exercise uses these two tools, so both of these should be addressed.

.
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2. Board Setup
This section describes the board setup required to complete exercises 1, 2, and 3.
2-1. Board Layout

The following diagram illustrates the layout of the Atlas-SoC board used in this exercise.
The DE10 Nano board is basically the same.

Il FPGA FPGA
Configuration
HPS Mo(ifé‘wn‘cl{l 2x20 GPIO(FPGA) LTC 2x7 Header
Il System

Arduino Header

USB PHY

USB OTG
(USB Micro-AB

HPS_DDR3
AR ) UART to USB
Cyclone V FPGA (USB Mini-B)

with ARM Cortex-A9

UART-to L, 5B

USB Blaster Il
{USB Mini-B)

Ethemet PHY

HPS Gigabit Ethernet
WARM_RST

HPS User Button
HPS_RST

LED x8

2x5 ADC Header

__\‘ — Button x2
2x20 GPIO(FPGA) HPS User LED

Figure 2-1. Atlas-SoC board layout diagram

2-2. Power and cable connections

Connect the AC adaptor and cables as follows.

®  Connect the power (AC adaptor) to the DC input (J14).

®  Use the Mini USB cable to connect the work PC to the onboard USB-Blaster™ Il connector (J13).
2-3. SW10 settings

Make sure that the SW10 (MSEL setting switch) is set as follows.
This setting puts the FPGA in FPPx32 mode.

Table 2-1. SW10 Settings

Board Reference Signal Name Settings
SW10.1 MSELO ON (“0”)
SW10. 2 MSEL1 OFF (“1”)
SW10.3 MSEL2 ON (“0”)
SW10.4 MSEL3 OFF (“1”)
SW10.5 MSEL4 ON (“0”) =
SW10. 6 N/A N/A Figure 2-2. Jumper settings

.
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3. Lab 1: Hardware Exercise

In this section, you will use Quartus® Prime and Platform Designer to design the hardware including the following

Arm® processors.

Altera® SoC FPGA is not limited to Cyclone” V, but uses a tool called Platform Designer included in Quartus’ Prime to
configure the system. Platform Designer provides a set of components that can be implemented on the FPGA side,
including Hard Processor System (HPS) blocks, and allows you to optimize resources by implementing only the desired
components. In addition, since the created system can be easily ported to other devices if the peripherals are supported,

you can use the system itself as a design asset.

In this exercise, several components and clock source components are already implemented in the Platform Designer
system to shorten the exercise time. To do this, you will add an HPS block (the blue block in the bold box) and connect

the existing components. You will perform the following exercises:

Exercise:
® Add an HPS component to an existing Platform Designer system
® Configure the HPS interface and other parameters
® Connect existing components to HPS

® Generate the Platform Designer system

helio_lab_top.v

soc_system.qsys

Hard Processor System (HPS)

ARM A9 ARM A9
L1 Cashe L1 Cache

L2 Cache

FPGA

FPGA

TT

Figure 3-1. Block diagram of the SoC system designed in Lab 1

| ™
]

HH
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3-1. Step 1: Hardware Exercise Open the design project

As you proceed with the exercises, carefully read all the instructions in each step of this manual.

In this manual, the working directory is described as C:¥1ab¥soc_1lab folder. If you have changed the working

folder, read it again according to your environment.

Let's get started.

If you leave the default, you can find it below.

Windows Start => Intel FPGA 20.1.1.720 Standard Edition/Lite Edition => Quartus (Quartus Prime 20.1)

B ieirrcazot07n

SaC EDS Command Shell
SoC EDS HWLIBs Arria 10 Docume, .,
SoC EDS HWLIBs Cyclone V Arria V...

SeC EDS Source Code

B intelFPGA 2011720 Standard E.. ~

]
ALTIMA Company, Macnica,

Ver.20.1/Rev.4 April 2025

Design Space Explorer || (Quartus..,

Device Installer (Quartus Prime 20.1) or
EDA Simulation Library Compile {Q...

Mios l| Command Shell (Quartus Pr...

Nios Il Documentation (Cuartus Pri...

Nios Il Software Build Tools for Ecl.

Programmer (Quartus Prime 20.1)

CQuartus (Quartus Prime 20.1)

2

Quartus (Quartus Prime
20.1) Standard Edition

Start from the Desktop Icon

Start from the Windows Start Menu

Figure 3-2. Start Quartus’ Prime

9/111
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2. From the Quartus’ Prime menu bar, select File => Open Project and select soc_system.qpf located in
C:¥lab¥soc_lab¥cv_soc_lab.

This qpf file is the project file in Quartus® Prime

Project  Assignment:

g 5 Processs 4 = o b > poclaby b o poc lab w B
' Crrith
gyt edit L

= Open.. Cuie db

Close CuleFd i
" d ol e Eadnghe

'n'\l'l\.'w""l

A Opon Project. Crled I I [ prepmsesapon:

Ty Mr ST 1

Fila Nama | 3o0_wystem qpf
err—

Chusud Prime Progec Fle * qe

[_open || comesi

Figure 3-3. Opening the Quartus® Prime Project
3. Select the board. Refer to the figure to set the board to be used

® For DEO Nano-SoC/Atlas-SoC boards: select atlas
® For DE10 Nano boards: select DE10 Nano

By making this setting, you will be able to use the pre-set information such as pin placement and device to be used for
the board to be used this time

&' Quartus Prime Standard Edition - C:/lab/soc lab/q

File Edit View Project Assignments Processing

Drd|+«on

Project Navigator

# Cyclone V: 5CSEMA4U23C6
* ghrd_top ™®

Figure 3-4. Selecting the board to be used

.
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4. Llaunch Platform Designer from Tools in Quartus’ Prime. Alternatively, click the Platform Designer icon in the toolbar

My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)

to launch Platform Designer. &, Click to launch Platform Designer.

& Quartus Prime Standard Edition - C:/lab/soc_lab/cv_soc lab/soc_system - atlas

O d

| atlas

File Edit View Project Assignments Processing

r D)

-

Project Navigator

v Hierarchy T [_LEE x

* ghrd_top f

Entity:Instance

i Cyclone V: 5CSEMA4U23C6

1vs ©© 0¢-~

[a]

Run Simulation Tool g
Launch Simulation Library Compiler
Launch Design Space Explarer I

Timing Analyzer

Advisors '
Chip Planner

Design Partition Planner

Netlist Viewers ’
Signal Tap Logic Analyzer

In-System Memory Content Editor

| Logic Analyzer Interface Editor

': In-System Saurces and Probes Editor

2

Programmer

ot\

Tasks

| Compilation

IP Catalog

-

5. Open the soc_system.gsys file.

v P> Compile Design

Task

Signal Probe Pins...

JTAG Chain Debugger
Fault Injection Debugger
System Debugging Tools ’

Platform Designer

)l B €

Tcl Scripts...

Figure 3-5. Starting the Platform Designer

cv.soc lab vi -
.gsys_edit
db
ip
software_example
solution
B soc_system.qsys
File Name(N):  |soc svstem.asvs
File Type(T):  |Platform Designer System Files (. csys) v Cansel

Ver.20.1/Rev.4 April 2025

Figure 3-6. Opening the Platform Designer File
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Let's first briefly explain how to use Platform Designer.

There are 3 main screens in Platform Designer: IP Catalog, System Contents, and Message Window.

The IP Catalog contains components that can be used by Platform Designer. You add the components you want to

implement to System Contents. You then connect the components in System Contents to create a system.

The hard macroized part of the chip called HPS is also available as a software component in IP Catalog. By

implementing this component in the Platform Designer system, you can use it on the HPS side of SoC devices.

& Platform Designer - soc_system.qsys (Ct¥lab¥soc_lab¥cv_soc._lab¥soc_system.qsys) =
Eile Edit System Generate View Tools Help
TP oty — o oo| [TE SN OO | Ackess Mep 5% | Intercorvect Reaurerarts 5 | - of o| [ prewete | _cr |
] = [+ ¥ System: socsyetern  Path: kO System: sosyctem _Path: k0
= = Olock Source
[Project * e comections ol e Dotais
 New Component 4 B =
@ Syem x = [ Parameters
v =] o Roset Input Clock frecuency, 50000000
: — ook Output .
= [ ok frequency is krown
= — Recet Outu 9] Clck fracuerey i o
Arria V/Cyclore V Hard Proce. Reset synchronous edges: [hore. -
- onduit
= (Conduit
—
—
i 0x0000_0000 0x0000_f ffF ‘
] (S5 LI ot I
+— lon Merory Mapped Stave @ 0x0001_0040 0x0001_00S5F
[ Heorarety_ 3 Devies Famiy 5t ) led.pio_external_connec.
0 soc_systen [soc_system.asys] (L)
) #= bitton pio exterral correction [Chock Ik ek
Recet Input o
#= dipsw_pio external_conrection’ +— {Avalon Merrory Mapped Slave Lot @ 0x0001_0080 0x0001_008f
(£} = 1Cf resst ion Conduit dipsw_pio_external_conn.
om0 P10 (Paratel 10)
5 = ko i oxermal cmeciion ook It ko
5 0= merory (eh) <z
(B < i i
= o Y % ‘ i
- B it % current fitter: il »
Ed b=
m L led pio % Messams &0 -&a
-8 orchiomron 0 Tye Path Messag
%5 Corvecti
=20 5 Irfo Messages
o .
0 Message Window
° x X ter o
© oo systemled_pio__|PIO inputs re rot e n test erch. Urcefes vaues il e esd from PO rpues curing St
« m »
0 Ermors, 0 Warrires Gererate HOL._ | [ Firsh

Figure 3-7. Platform Designer Screen

The following components (white) have been installed in the opened Platform Designer system. Add and configure

the HPS block (blue) for this system, and connect the installed components.

B Implemented component (white):

® Clock source Clock
Source

® On-chip memory

@® PIO peripheral for LED/Button control

» DIP switch PIO

, Input Input Qutput
> Button PIO o;grl\]p PIO PIO PIO
Switches Buttons Leds
> LEDPIO

Fi -8. Pl Desi i
B Components to be added in the exercise (blue): lgure 3-8. Platform Designer system to be designed

® HPS

Platform Designer provides a setting screen for each IP. Double-click a component in System Contents to open the
setting screen for that component.

.
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6. Double-click the Clock Source component (clk_0) and make sure that the Clock Frequency is set to 50 MHz to match

the oscillator on the development board.

7. Make sure that Clock frequency is known is checked.

35 System Contents 331 Address Map 23| Interconnect Requirements ‘ - f 8| Presets & rs Parameters
© = W System: socsystemn  Path- dlk 0 System: soc system  Path: clk 0
+ Dlescrintion ‘ Clock Soures -
) = clock source Details
b4
= ‘,‘ = I clk exported ~ Parameters |
clkin reset eset Input reset Clhdihe
= — ok Clack Qutput ok 0 BRI om000c0
- — clk reset Reset Qutput \ock frequency is known
v | |v] 8 onchip_memo... ‘OﬂﬁhiD Mermory (RAM ... Resst synchronous sdzes: || ~|
> clki (Clock Input clk 0 : R
sl Povalon Memony Mapped . [clki] i
— reset! Feset Input [clki]
v 8 led pio PIO (Farallel 1/0) Intel F...
clk Clock Input clk 0
— reset Reset Input [c\kj

Figure 3-9. Checking the Clock Source

8. Click Close (X) on the Parameters tab to close the Parameters tab.

The settings of each Platform Designer component are retained when you close the Parameters tab, unless you close

Platform Designer.

.
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3-2. Step 2: Adding HPS Components

The HPS consists of Dual-core Arm” Cortex'-A9 MP Core processors and various peripherals. As shown below, the
Altera® SoC FPGA consists of two main blocks: the HPS block and the FPGA block.

In this step, you add and configure the HPS block in the Platform Designer system. You can configure the HPS block
in the HPS block in the Platform Designer system.

The GUI used to configure the HPS provides multiple tabs (FPGA interfaces, Peripheral Pins, HPS Clocks, SDRAM), and
you can configure settings for each of them.

helio_lab_top.v

soc_system.gsys

Hard Processor System (HPS)

ARM A9 ARM A9

L1 Cashe L1 Cache

L2 Cache

FPGA

Figure 3-10. HPS Block Added to the Platform Designer System

From the next page, add an HPS block to the Platform Designer system and make various settings.

.
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1. Inthe search box under the IP Catalog tab, enter processor.

* P Catalog %] -0
- processor K| K&
Pro jiect

-4 New Component...
L| brarv

= Processors and Peripherals

‘Ermbedded Processors

- Nios [l [Classic) Processor

~o Nios Il Processor

Hard Processor Components

Altera HPS Emac Interface Solitter
Altera HPS Trace [P

o HPS GMII o RGMII Converter Intel FPGA [P
-+ HPS GMII to TSE 1000BASE-X/SGMI POS Bridse Intel FPGA [P

’—"r Hard Processor Swetems

Mew. . | Edit [ % Add

Figure 3-11. IP Catalog Search Box

2. Double-click Arria V/Cyclone V Hard Processor System.

This component is the block for configuring HPS components. The dialog box for the HPS component to be configured
appears. This window opens as a separate window only the first time. After clicking the Finish button, if you want to

redisplay it the second time or later, double-click the HPS component from the System Contents tab.

The FPGA Interfaces tab allows you to specify whether to use signals between the HPS and the FPGA connected inside
the device. Depending on the settings, the status of the HPS side can be notified to the FPGA, or the FPGA side can
control the HPS side.

Hard processor System (HPS)
USB OTG EMAC
GPIO ’c
=
?
QSPI Flash JTAG Debug ol
Controller RAM /Trace SPL CAN ES
NAND SD/SDIO/ .
Stiih HC Timer DMA UART
DDRx SDRAM HPS to FPGA FPGA
~ERGA L ]%P‘i SOuAton..,
m
* 28mm LP Proces :3;
* B-input ALM o
FPGA * Variable-precision DSPs ]
+ M10K memory and 640-bit MLAB 3
* fPLL etc. =
)
[
| & m = | s €
E W W W W W - | E
DDRx SDRAM Controller PCI Express
Hard IP Hard IP ll Teanscelvar 5

Figure 3-12. Internal bus between the HPS peripheral and the FPGA
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MACNICA
__ 3. Click the FPGA Interfaces tab to disable Enable MPU standby and event signals, which are enabled by default.
FPGA Interfaces Peripheral Pins HFS Clocks SDRAM FPGA Interfaces  Peripheral Fins HFS Clocks SDRAM
|- General " General
nakle MPU standby and event signals DEmab\e WMPU standby and event signals
[Enable seneral purpose signals D Enable general purpose signals
[ Enzble Debug APB intsrfacs [|Enable Debug APB interface
D Enable System Trace Macrocell hardwars events l:‘ Erable System Trace Macroosll hardware events
[ JEnable FRGA Cross Trigger Interface [ |Erabls FPGA Cross Trigger Interface
[ JEnable FRGA Tracs Port Interfacs Unit [ |Enable FRGA Trace Port Interfacs Unit
Enable FPGA Trace Port Altermate FPGA Interfacs Enable FPGA Trace Port Altermate FPGA Interfacs
D Enable boot from foga signals I:‘ Erable boot from foga signals
[ JEnable HLGPI Interface [ JEnable HLGPI Irterface

Figure 3-13. FPGA Interface tab settings

@ Info:
This is an internal signal that indicates whether the microprocessor is in standby mode or the CPU can wake up.

You can connect this input signal to logic high for permanent effect, or as a processor event.

4. Make sure Enable HLGPI Interface is unchecked and disabled (default).

@ Info:
This is an option to use an unused pin (14bit) on the SDRAM interface as a general-purpose input only pin. This

signal is not required for this exercise.

.
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Next, configure the bridge between the HPS and the FPGA.

There are ports between the HPS and the FPGA that are master and slave respectively. There are two ports from the
HPS to the FPGA and one port from the FPGA to the HPS. The two ports from the HPS to the FPGA are HPS-to-FPGA
interface and lightweight HPS-to-FPGA interface respectively. The one port from the FPGA to the HPS is FPGA-to-HPS.

For all ports, you can set the bus width and use or not use the port according to the path to be accessed.

When accessing from the Arm® processor or the Master on the HPS side,
you can access by specifying the address of "Bridge address + FPGA component offset address.” The bridge address is
as shown in the following figure.

HPS-to-FPGA interface is 9xC000_0000

Lightweight HPS-to-FPGA interface is 9xFF20_0000

| Ht?os FPG‘“ Conflguratlon FPGA
OXFFFF_FFFF Control
ooFFFF o0 [ OnChpRAN L _’?{___“f:____; _________________
. 8CU; L2 Re 3?3 | i | ettt sn e
ey [ sotmon BT HE e
a - 8 o | ARM Cortex-A8 | ARM Cortex-AS '
Peripherals & : | IR e MR |
L3 GPV - {| wmksps | akBDS !
0xFF40_0000 | B L = ¥
) Lightweight FPGA Slaves : —_— % SCU 5
0xFF20_0000 | | Flash L —
Cntrl 4
0xFF00_0000 PAE : L3 i L2 Cache e
- STM : ' Intereonnect ~——————— (512 KB)
0xFC00_0000 | oA — o [ ——
FPGA Slaves : =
0xC000_0000 : (Trace) | Omﬂ
1 4
=1
0X8000_0000 ) - 1 -
SDRAM
FPGASLAVES FPGA slaves O COD00000 :th MB
01001 0_0000 PERIPH Peripheral OxFCOO0000 |64 MB
giggg;_gggg |BOOI ROM or On‘ChIp RAM | LWFPGASLAVES ™ | Lightweight FPGA slaves | OxFF200000 IMB
Each region is associated with an independent bus (AXI master)

Figure 3-14. HPS and FPGA internal bus and address map viewed from Arm

[ Reference:
For more information on the HPS to FPGA interface, please refer to the Macnica website technical information.

See also.

Beginner's Guide to SoC - How to access between HPS-FPGA (Cyclone” V SoC/Arria’ V SoC)

Make the settings on the following page.

.
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MACNICA
5. Inthe AXI Bridges section, set the FPGA-to-HPS interface width to Unused, the HPS-to-FPGA interface width to 64 bit,

and the Lightweight HPS-to-FPGA interface width to 32 bit.

[ A1 Bridges [- A1 Bridges
FPGA—to—HPS interface width: it v FRGA-to—HPS interface width: Unused ~
HP=—to-FPGA interface width: Bd—bit HPS—to—FFGA interface width: BA—hit
Lightweight HPS—to—FPGA interface width] [32—kit Lightweight HPS—to—FPGA interface width) [32—hit

Figure 3-15. Configuring AXI Bridges

@ Info:
Enabling FPGA-to-HPS interfaces allows the master in the FPGA to access the peripheral of the HPS. This exercise
does not use it.
When HPS-to-FPGA interface is enabled, HPS becomes the master and can access the peripheral of the FPGA. HPS-
to-FPGA interfaces can be 32/64/128 bit wide, but for this exercise we will use the middle 64bit width.

6. Scroll down the FPGA interface page to find more options, including FPGA-to-HPS SDRAM interface, Resets and DMA

Peripheral Request sections.
7. Scroll through the FPGA interface window until you see FPGA to HPS SDRAM Interface.

8. Click on the F2h_sdram0 interface and delete the interface by clicking the ' - button.

This is a broadband port that allows direct access from the FPGA to the SDRAM on the HPS side. It does not involve an

interconnect and ACP (Accelerator Coherency Port) for fast access. On the other hand, data coherency is up to the user.

This is not going to be used, so | will delete the port.

[ FPGA—to—HPS SDRAM Interface |- FPGA—to—HPS SDRAM Interface
Click the '+ and "= buttons to add and remove FPGA—to—HPS SDRAM ports Click the '+ and "= buttons to add and remowe FPGA—to—HPS SDRAM ports
[ T i Name Tvpe Width

S N

+(-) ol

Figure 3-16. FPGA-to-HPS SDRAM Interface Configuration

.
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9. Scroll down to the Resets section.

10. Inthe Resets section, make sure all options for HPS reset are disabled.

11. Inthe DMA Peripheral Request section, make sure all lines under the Enabled column display No.

@ Info:
Enabling DMA peripheral request allows the HPS DMA controller's Peripheral Request signal to be connected to
the FPGA fabric.

Normally, this should be set to No, unless you are using the Peripheral Request signal for DMA transfer.

12. Inthe Interrupts section, make sure the Enable FPGA-to-HPS interrupts option is disabled.

In this case, the component implemented in the FPGA will not interrupt the Arm® processor.

The Resets/DMA/Interrupts settings are as follows (no changes from the default):

- Resets

|_| Enable HPS~to~FPOA oold reset output

[ ]Enakie HPS warm resst handshake simnals
[ Enable FRGA—10—HPS debug msst meauest
[ 1Enatie FRPGA-to—HPS warm msst request
[ Enabie FRGA-to-HFS cold mset rmouest

Perpharal Req. Enablad

Mo
Mo
Mo
Mo
Mo
Mo

|| Enabis FPGA—te—HPS Intermupts
[ HPS ~to—FPGA
[ Ermbie CAN irtarmupts
D Enable dock penpheral interrupts
|:| Erable CTI intenupts
|__| Erable DMA intarrupts
[ ] Enabiiz EMAC interrupts (for EMACO and EMAGT)
|:| Enable FPGA manager intenupt
[IEnable GPIO Intermupts
[ Enatiz I2C-EMAT interrugts (for I2C2 and 1203)
[JEnable 12C peripheral intsrupts (for 1200 and 1261)
[ Ermbie L4 timer interrupts
[ Enable MAND intermupt
|:| Enable OSC timer interupts
" Erable Guad SP intarmugt
[ Enable SD/MMC intsmupt
|:| Enable SF1 master intermupts
|_| Ersble SP slave interrupts
[ 1Erable UART interrupts
|:| Enable USE intermupts
|J Erable watchdog interrupts

Figure 3-17. Resets/DMA/Interrupts Settings

.
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3-3. Step 3: HPS Peripheral Settings (MAC, UART, I12C, SDIO, USB)

The Peripheral Pins tab enables HPS peripherals that are hardcoded inside HPS.

Many HPS pins are shared by up to 4 peripherals. However, only 1 peripheral can be used. Therefore, pin assignments
must be specified so that the peripherals to be enabled do not conflict. Pin assignments can be selected from up to 3
different parameters (HPS /O Set 0~ 3).

________________ T HPSPins |
! HPS Pins ‘ HPS Pins HPS Pins i (MIXED2 Bank) i HPS Pins ” HPS Pins
| {DEDICATED E_Ia_n_kl N iGENERAL Bank) (EMAC Bank} :__.l-ﬂgd_m only 1| (FLASH Bank) || (MIXED1 Bank)
LR |
LA, B E g
o B o 3
$ L <
»  Scan S28350 5
Mansger | |5 2§ 39
w=
R é ————™ @
Y Y Y Y
Pin Mux D]
[ i A [ A i =
I Y \ Y
o EMAC 01 || USBO,1 Flash SPI, UART, | | Trace
E | J ! ] Conlrollers 12C, CAN _J
= Systern Manger (NAND,
= System registers directly drive SDMMC,
Manager mux selects QsPI

GPIOD.1.2

Figure 3-18. HPS I/O Pin Multiplexer

.
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1. Select the Peripheral Pins tab.

2. Setthe EMACI pin of the Ethernet Media Access Controller to HPS I/0 Set 0.

3. Set the EMAC1 mode of the Ethernet Media Access Controller to RGMII.

4. Set the SDIO pin of the SD/MMC Controller to HPS I/0 Set 0.

5. Set the SDIO mode of the SD/MMC Controller to 4-bit Data.

6. Setthe USB1 pin of the USB Controllers to HPS I/O Set 0.

7. Set the USB1 PHY interface mode of the USB Controllers to SDR with PHY clock output mode.

8. Set the SPIM1 pin of the SPI Controllers to HPS I/0 Set 0.

9. Set SPIM1 mode of SPI controllers to Single Slave Select.

10. Set UARTO pin of UART controllers to HPS I/0 Set 0.

11. Set UARTO mode of UART controllers to No Flow Control.

12. Set I12C pin of I12C controllers to HPS I/O Set 0.

13. Set 12€0 mode of 12C controllers to I12C.

14. Set I2C1 pin of I12C controllers to HPS I/0 Set 0.

15. Set I12C1 mode of 12C controllers to I2C.

Refer to the next page for the parameters after setting.

.
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FRGA Irterfaced = JHES Clacks SDRAM FPGA Intsrfaces Peripheral Pins HPS Clocks SORAM
| Ethernet Media Access Controller [ Ethernet Media Access Controller
EMACD pin Unsed EMACD pin: IUnused -
EMACD meds: IN/A EMACD mode. |
EMAC gin {raa EMACT pin
EMAC] mode INAB EMACT maode
NAND pin [Unused NAND pin Unusad v
MAND ‘mode: (V7 NAND mods: 7
I Quad 5P1 Flash Controller [ Quad SPI Flash Controller
Q3P| pin |Unused QSFl pin [Uinused =
GSPI made N/ ~ QSPI mods INh
SOIO pin linaa S0I0 pin HPS 1/0 Set0 v
SDIO mode IN/A ~ SOI0 mode {4-tit Data v
[ USB Controllers | USB Controllers
LISBO pin Unused S oo (U -
LUISEO PHY interface mods: [N/A « LISB0 PHY interface mods hia o
LSBT pin i LSBT pin [HPS 1/0 Set0 v
LISB! PHY intarface mode: [N/A ~ USBI PHY intarface mode] ISR with PHY clack autout made ~
" 5PI Controllers [ SPI Controllers
SPIMO pin [Unused SPIMO pin Unusad e
SPIN mods 77 SPIMD mode: |
SPIMI in [Criesd SPIMI pin [HPS 1/0 Set0 v
SPIMI rods INZA ~ SPIM! made Single Slave Select v
SPIS0 pin ;L.InL.h;ad SHIS0 pin |Unissed. o
SPES0 rade N7 - SPISO mode [Ri/a -
SPIST oin |L|.r||..59d SPIST pin [Urussd v
SPIST mods [NS& SPIS1 moda N8~
" UART Controllers " UART Controllers —
UARTO gin [Unised UARTO gin [HPS 1/0 Set0 v
LIARTO mods: IN/A LIARTO mods! Na Flow Cantrol v
LIaRT1 gin [Unusad UARTT mn Dhused =
LIARTT mads /A~ LIARTT moda INA ~
[ I2C Controliers [ 2C Controllers
12C0 pin {Unused 12C0 pin [HPS 1/0 Set0 v
1260 mods: IN/A ~ 12C0 mode RC ~
12C1 pin [Erred 12G1 pin IHPS 1/C Set0 v
1281 mods IN/A > 1261 mods c v
1262 pin Tippensr 2C2 pin Tnused e
1262 mode N/~ 1202 mods: [N/A ~
123 pin [Urned 123 pin [Unus=d v
1263 mods. [N/A ~ 12C3 mode INZA ~
CAND pin [rumed CAMD pin Iinused V
CAND mode [V CAND mods [N/
CAND pin |Unised CANT pin |Unused ~
CAN made: [N/E ~ CAN made iN_r’A v
[ Trace Port Intarface Unit | Trace Port Interface Unit
TRACE pin |Unused TRACE pir: [Unused v
TRACE mode INAR ~ TRACE made [N~

Figure 3-19. Configuring HPS Peripherals

.
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In the Peripherals Mux Table section, you can see the placement of the pins you set up.

A pin can only have one role. Therefore, multiple HPS peripherals cannot use the same pin, and the same pin cannot

have the role of HPS Peripheral and GPIO. Therefore, use this Peripherals Mux Table section to see what each pin is

used for.

The left column shows the pin name, and if the pin is used, it is bolded. Pins that are not used as peripheral pins can

be used as HPS GPIO pins. In this case, you can activate them by pressing the respective GPIO button for each pin.

If there is a conflict for a pin, an Error is displayed in the Message Window and the pin field is highlighted in red so

that you can see in real time which pin is causing the conflict.

Let's set the pins that are not used as GPIO pins.

16. Enable GPIO09 by clicking GPIO09 in the Peripherals Mux Table section.

® Point:

The response may take a while, so be careful not to press it too many times.

[ Peripherals Mux Table
AGMII_T cik

GO0 LOANIOUD
GPlo0t LOANIOOT
sssss LOANIOIZ
PIoDE LOANIOOS
IO LOANIONS
GPIo0s. LOANIGUS
sssss LoANIOIE:
GPIoOT LOANICIY
GFIO0E LOANIOUE
GPlo0s LOANIONS
ssssss COANIGTD

RGMII0_TXDO
RGMIlo_TXD1
RGMIl0_TXD2
RGMII0_TXD3
RGMII0_RXDO

RGMIlo_MDIO 12C2.50A (=0}
RGMIlo_MDC 12C2.5CL (S=t0)
RGMIl0_RX_CTL
RGMIIO_TX_GTL.
RGMII0_RX_CLK

[ Peripherals Mux Table
RGMNO_TX_CLK

RGMII0_TXDD.
RGMIIO_TXD1
RGMII0_TXD2
RGMII0_TXD3.
RGMII0_RXDO
RGMIIO_MDIO. 2C250A 5=10)
RGMID_MDC 1262 SCL S=t0)
RGMI_RX_CTL
RGMIIO_TX_CTL
RGMI_RX_CLK

SPIO LOANOID
SPIoDL LOANICDT
GPIO0Z LOANIODZ
GFIO0Z LOANIOU.
GFIO0S LOANID0
GFIOUS. LOANIDOS

Grio0s C TOANIGE
GFIOOT. LOANIDOT.

LOANIOUS
Griges LOANIDS
e LOAND1D

Figure 3-20. HPS GPIOOQ9 settings

® Point:
If you cannot click it, select [Finish] in the lower right corner of the HPS component dialog box,

or click "x" in the Parameters tab to close the HPS component dialog box.

Double-click the hps_0 component again to open the parameters window and continue working.

Generate HDL. . I Finish I‘

v l B button_pio PIO (Parallel 1/Q) Intel F..
or . clk Clock Input
reset Resst Input

Avalon Memory Mapped

| Parametersl 33'

System: soc system  Path: hps O

Armia V/Cyclone W Hard Processor System
altera_hps

Double-click the hps_0 component.

FPGA Interfaces Peripheral Pins HPS Clocks SDRAM

Figure 3-21. What to do if you cannot click during GPIO settings
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17. Similarly, enable GPIO35, GPIO40, GPIO53, GPIO54, and GPIO61.

SeFLEK T S : — —
asPL_sst = = GPI3E_ ORNICE
SOMMC_cMD ] pecicicon ORNICHE
SoMvic_PWREN GriGaT ORI
SommC_bo GFioE OANIGEE.
SoMMC D1 Shicae OANIGES
SoMMC D4 “GPIO0 OANIGHD
saMMe_Ds pciziozan OANIOZ1
SoMvC_oe i 1047 OANIGE
SoMMC_D7 i 1045 OANIGES.
HPs_GRI034 [ 10t OANIGH
SDMMC_CCLK_OUT [ 1085 OANIGS
Sommc_D2 [ 1086 OANIGEE
SomMIC [ 1047 OANIGAT
TRACE_CLK [ 1088 OANIOH
[ 1065 OANIOaS”
[ 1050 OANIORD
[ 1051 OANIOST
FTes OANIOZ
TRACE D4 L GPIOs]_ J OANIOET
TRACE DS  sPis1 oS (5e10) B y OANIOSS
TRACE DG |5PIS1.550 (Set0) wo v OBNIOES
TRACE D7 |sPis1 MiIs0 (e TRAGE D7 ¢ I 1058 OANIOSE
SPIMO_CLK G150A P10 CLK (510) [ 1057 OANIOST
SPIM_Mos1 P10 MO (5210) [ 1058 oA
SPIMO_Mise PINGMISO (S219) [ 1055 AN
SPIMD_ss0 P 550 «smm ke OANIOR
UARTO_RK GPIOst oANat
UARTO_TX. |spim1 581 (Se0) wmwsmn Cricas OANIOEZ

F|gure 3-22. HPS GPIO settings

18. After configuring, make sure that there are no errors other than the two errors shown below (these two errors will be

resolved later).

4= Messages xi} ==
Tyre Fath Messaze
=) 2 Errors
soc_system hps 0 hps_0.h2f axi_clock must be connected to a clock output
soc system hps 0 hps_0.h2f lw axi_clock must be connected to & dock output
=4, 7 Wamings
A soc system.hps O ”Configuration/HPS—to—FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 MHz, but only achieved 97.368421 MHz
A |soc system.hps O 1 or more output dock frequendies cannot ke achieved precisely, corsider revising desired output dock frequendies
A soc_system hps 0 ODT is disabled. Enabling ODT (Made Register 1) may improve signal integrity
iy soc_system_button_pio button_pio.s1 must be conrected to an fvalornMM master
A soc_system.dipsw_pio dipsw_pio.s] must be connected to an Avalon—tM master
A soc_system.led_pio led_pio.s1 must be connected to an Avalon—MM master
A soc_system.onchip_memon? _0/onchip_memon?_0.s1 must ke conrected to an fAvalon—MM mastsr
=[] 5 Info Messagss
Qo soc_system.button_pio FIC inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during simulation
] soc_system.dipsw_pio FIO inputs are not hardwired in test bench. Undefined values will be read from FIO inputs during simulation
@ soc_system.hps 0 HPS Main PLL counter settings: n=0m =73
[:] soc_system hps 0 HPS perphenal PLL counter settings: n =0 m =239
@ soc_system. led_pio PIO inputs are not hardwired in test bench Undefined values will be read from PIO inputs during simulation

Figure 3-23. Example of display when there is no pin conflict error

For example, if the error shown in Figure 3-24. appears, there is a conflict between the pins of SPISO and UARTO. Check

whether there is an error in the setting and correct it.

In this example, an error occurs because SPISO, which should not be used, is to be used. If the setting is Unused, the

error disappears.

Ver.20.1/Rev.4 April 2025 ALTIMA Company, Macnica,

S Parameters # |

System: socsystem  Path: hps 0

altera_hps

Armia V/Cyclene V Hard Processor System

[~ 8Pl Controllers

SPIMO pin
SPIMO mode:
SPIM! pin
SPIMI mode:
SPIS0 pin
SPISO mode:
SPIS1 pin
SPIS1 mode:

Unused v
N/A v
[HPS /0 Set 0 v|

|HPS 1/0 Set0 v

An invalid SPISOis set ==*

[~ UART Controllers

UARTO pin |HPS 1/0 Set 0 v
UARTO mode: No Flow Cortrol |
UART! pin Unsed v
UART1 moede: NAA |
& .
oy vy An error occurs that SPISO and UARTO conflict.
Type Path Message
=Y 2L |

‘hDS 0 |'|2f Iw axi_clock must be connected to a clock cutput

1] ‘Soc System InDG 0

Figure 3-24. Example of display with a pin conflict error
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3-4. Step 4: Set the HPS Clock

The HPS Clocks tab sets the Clock source and frequency. All of these parameters are managed by the Clock Manager
Component.

The parameters set in this tab are used when the boot loader (Preloader software) is generated. The Preloader is

generated by "4. Lab 2 - Software Exercise (1) Generate Preloader."

1. Select the HPS Clocks tab.
2. Select the Input Clocks tab.

3. Ensure that the EOSC1/EOSC2 clock frequency is set to 25 MHz. Also ensure that all FPGA-to-HPS PLL Reference clocks
are disabled. The EOSC1 is a dedicated pin on the HPS side and is the clock source required to generate the clock for
the HPS MPU. The Atlas-SoC board and the DE10 Nano board used in this article are set to 25 MHz.

FPGA Interfaces Perpheral Pins | HPS Clocks |SDRAM

utput Clocks

|- External Clock Sources

EOSCT dock frequency: 250 hAHz
EOSC2 dock frequency: 250 hAHz

[ EPGA—to—HPS PLL Reference Clocks
[ Enable FPGA—to—HPS SDRAM PLL referencs dlock

D nable FPGA—to—HFS perpheral FLL reference clock

FPGA—to—HPS SDRAM PLL rsferencs clock frequency: 0.0 WHz
FPGA—to—HPS perpheral PLL reference clock frequency: (0.0 hiHz
|- Peripheral FPGA Clocks
EMACTO emac) md clk dock frequency: 25 WHz
EMACTO emac) gt clk dock frequency: 125 WHz
EMACT emac! _md clk dock frequency: 25 WHz
EMACT emac! _gtx clk dock frequency: 125 WHz
QISP agepi_ sclk out clock frequency: 100 WHz
SPIMO spim0 sclk out cock frequency: 100 WHz
SPIMT spiml sclk out clock frequency: 100 WHz
[2C0 120 clk dock frequency: 100 WiHz
[2C1 i2c1 _clk dock frequency: 100 WiHz
[2C2 122 clk dock frequency: 100 WiHz
[2C3 123 clk dock frequency: 100 WiHz

Figure 3-25. HPS to FPGA Clock Settings

.
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4. Select the Output Clocks tab.

5. Make sure that the settings are as shown below (no change from the default). This tab allows you to set the operating

frequency of each HPS peripheral. The PLL setting is automatically calculated according to the set value.

FPGA Interfaces Perphersl Pins HPS Clocks SDRAM

Input Clodkef | Outout C

| Clock Sources
Fenghersl PLL reference clock source: EOSCY clock w
SOMMC dock saurce F'errpharal NAKND SOMME dock w
MAND clock sourcs s pieral NAND STV
QISP dack sauros: ff.-'.%: QEF] coc
L& MP dock source |Fenpheral kese dock ~
L4 5P dack sauros {Paripharal base dock «

[ Main PLL Output Clocks — Desired Frequencies

Diafault MPL clock frequency

[v] Use default MPU diock freauenicy
MFU dlodk frequency

L3 MP dock frequency

L3 5P dachk frequancy:

1925.0 800.0 MHz for the DE10 Nano r

ke LA
W11 | X

&850 « | 200.0 MHz for the DE10 Nano

25 N 100.0 MHz for the DE10 Nano

Diebug AT clock frequency 250 v M=

Debug clock freauency (125 ~ MHz

Disbeig tracs dack frecusncy (250 i MHz

L4 MF clack frequsncy (1000 MHz
L4 5P dack freaushcy 100.0 Mtz
Carfiguration T PS—ta—FPGA wsar D dock frequsncy: 1000 Mtz

[ Peripheral PLL Output Clocks — Desired Frequencies

SOMMC dock frequancy

MAND dock frequency

QISP dack freauency

EMACT dack freausncy:

EMACT dack fremuency

USH clock freouesncy

SF clodh frequency:

CAND dock frequency

CAMNI clock freauency:

GFID debolnos dock frequency

- HPS—to—FPGA User Clocks
[]Enabls HPS—to—FPGA ussr 0 clock
[|Enable HPS—to—FPGA user | clock
[ |Erable HPS—ta-FPGA user 2 clock
HPS—4o~-FPGA wer 0 dock frequency
HPE—1o—FFGA usar 1 dock frecuancy
HFS—to—FFGA wsar £ dock frequency:

2000 MHz
I ‘e
{2800 ~ MHz

2000 Mz
{2000 Mz
232000 Hz

1ooo

Figure 3-26. Configuring HPS to FPGA Clock
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3-5. Step 5: Configuring SDRAM

The SDRAM tab provides options for configuring parameters for the SDRAM controller on the HPS side and the

connected DDR. Within the SDRAM tab, there are four additional tabs (PHY Settings, Memory Parameters, Memory

Timing, Board Settings) for SDRAM configuration.

1. Click at the bottom of the Arria V/Cyclone V Hard Processor System window.

This action adds the HPS component to the Platform Designer system (required to display the Presets window in the

next step).

- Platform Designer - soc_system.gsys (C:¥lab¥soc lab¥cv_soc lab¥soc system.gsys)

File Edit System Generate View Tools Help

té%ﬁgm i - o o[ T et &

-8

System: socsystern  Path: hes O

£

Sh |
L Isheiw dlgncls Aria V/Cyclone V Hard Processor System
altera hps Details
hps_0 ~
:; 0 = onautt conour] FPGA Interfaces Peripheral Fins HPS Olod) -SDRAM
ai_cloc!
lock e 56—
12f w_axi_clock |, hor | SDRAM Protocol: [DDR3 v
Y e 1 PHY Settings  Mermory Parameters Memory Timing Board Settings
[ Clocks
Memory clock frequency: 3000 | MHz
[Use specified frequency instead of calculated frequency
Achieved mermory dock freauency: 3000 -z
PLL reference dock frecuency: 125.0 MHz
[~ Advanced PHY Settings
Supply Voltage: 1BVDDR3  ~
/0 standard: SSTL-16
v
< 2l < >
52 Messages el
Twee  Path Message &
E[x] 2 Erors N
[ == e D NEE i cdrchi vl b acreiibe) loa - Blodieoigal
@  |socsystem.hps 0 hps_0 h2f lw axi_clock rmust ke conrectad 1o a clock output B

2 Errors, 7 Wamings

Generate HDL l Finish

Figure 3-27. Preparing to display the Parameters window

2. Double-click the HPS component in the System Contents window to display the HPS option settings in the Parameters

window again.

This is necessary to display the Preset window in the next step.

- Platform Designer - soc_system.gsys (C:¥lab¥soc lab¥cv_soc lab¥soc

File Edit System Generate View Tools Help

Project
- # New Component...
[HSvstemn

Library
L+‘ Basic Functions
*DSP

Mermory Interfaces and Controllers
Processors and Peripherals
ve Interconnect
ri-State Components
HUniversity Program

[ Fierarchy m Devios Fami ?3‘ = n‘n‘

©soc system [soc system.asys]
-8 button pio external connection
= clkc

H-»= dipsw pio external connection
H-m= hps o

H-»= led pio extermal connection

e memory
> resst
2 button pio

Added to the System Contents window
Double-clicking the hps component ==+ i Clock Tt

- l:l‘
= | Syslem socsvstem  Path: hps 0
Pvia V/Cydone ¥V Hard Processor System i
bltera_hpe ]I Details
~

R;:eoﬂneutmory = FPGA Interfaces Peripheral Pins HPS Clocks SDRAM
PIC (Parallel 1/0) Intel F.. Ecanenl
(Clock Input ;
Resst Input [1Enable MPU standby and evert sizrals
Bivalon Memory Mapped .

extemal conn.. (Conduit led_pic [JErable: general purpose signals

& dipsw _pio PIC (Parallel 1/0) Intel F [ ]Enable Debug APB interfacs
Clock Input.
Feact ot ["]Erable System Trace Macrocell hardware events
Cyokn ey vaeee, | Qe [JErable FPGA Gross Trizser Interface
PIO (Paraliel 1/0) Intel F ] [ IEnable FPGA Trace Port Interface Unit
Reset Input Erabls FPGA Trace Port Altemats FPGA Interface
A"f";“! omaRiapees o [ | Erable boot-from hamsizrals
[ Enable HLGPI Interfacs
[~ AXI Bridges
Reset O utput T
Clock Tt FPGAto-HPS interfacs width el
4] Mastar HPS—to—FPGA interfacs width Bt |
i X Clock Input i ‘ i 5
h2f hw axi_mas. . |[8%] Master v Lightweight HPS—to—FPGA interfacs width: [32-hit |

Figure 3-28. Redisplay the HPS parameter setting window
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3. Click the SDRAM tab in the Parameters window.

This time, we will use the preset SDRAM on the Atlas-SoC board.

Make sure that the Presets window is displayed.

@ Info:

If the Presets window is not displayed, select Platform Designer View menu => Presets to display it.

If it is not displayed, select Platform Designer View menu => Reset to System Layout and select Preset again.

4. Select the Atlas_HPS_SDRAM preset in the Presets window.

Farameters 9| 1of Presets & -2

Presets for hps 0

-8 ELPIDA EDJ5308E5A8E 8O
~» JEDEC DDREZ-1066 256MB X8

Figure 3-29. Select Preset
5. Whenyouclick | Apply |, Atlas_HPS_SDRAM should be highlighted in bold. If it is, the settings are applied correctly.
6. Ifthe SDRAM tab is not visible, click the SDRAM tab.

7. Click the PHY Settings tab and verify that the settings are as shown below.

FRGA Interfaces Penpheral Pins HPS Cloc

SDRAM Protoool: |DDR3 v

PHY Settings Bdemory Farameters Memory Timing Board Settings

[- Clocks
Mermory clock frequency: A00.0 WHz
D Use specified frequency instead of calculated frequency
Achieved memory clock frequency: 4000 hiHz
PLL reference clock frequency: 250 hiHz
|' Advanced PHY Settings
Supply Yoltage: 15V 0D0DR3S ~
[/0 standard: SSTL-15

Figure 3-30. Verify PHY Settings
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8. Click the Memory Parameters tab and verify that the settings are as shown below.

FRGA Interfaces Penpheral Pins HPS Cloc
SDRAM Protoool: |DDR3 v

PHY SettingS[MemOW Farameters ]Memoryr Timing Board Settings

Apply memory parameters from the manufacturer data sheet
Apply device presets from the preset list on the nght.

WMemory vendor Other »
Memory format: Discrete Device
Memory device speed grade: 8000 v hiHz
Total interface width: 32

MNumber of DQS groups: 4

Mumkber of chip select/depth expansion: |1~

MNumber of clocks: 1 v

Row address width: 15

Column address width: 10

Bank—address width: 3

Ernable DM pins
DGQS# Enable

Figure 3-31. Memory Parameters

9. Scroll down to the Memory Initialization Options section and verify that the ODT Rtt nominal value is set to RZQ/6.

|' Memory Initialization O ptions
Minor Addressing: 1 per chipselect: D

Address and command panty

Burst Length: Burst chop 4 or 8 (on the fly) ~
Read Burst Type: Sequential v

DLL precharge power down: OLL off v~

Memory CAS latency setting: 7

Output dive strength setting: FEZQ/E v

ODT Rttt nominal value: l FZQ /6 vl

Auto selfrefresh method: Marual v

Selfrefresh temperature: MNormal v

Memory whte CAS latency setting: 7~
Dyramic ODT (Rt W) value: Dyramic ODT off v

Figure 3-32. Memory Initialization Options

.
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10. Click on the Memory Timing tab and verify that the settings are as shown below.

FPGA Interfaces  Peripheral Firs HFS Clodkd SDRAM

SDRAM Protocol. |[DDR2

o

PHY Settings Memory Paramertersl Memory Timing b&ard Settings

Apply timing parameters from the manufacturer data sheat
Apply device presets from the preset list on the night

tIS (base):
tIH (basa)
105 (basa)
tDH (bass)
tDQASG

1aH
tDQSCK
tDQSs

tQSH:

tDSH

0SS!

HINIT

tMRD (tMRW):
tRAS:

tRCD:

tRP

tREF] (tREFlab)
tRFC (tRFCab)
tWR

tWTR

tFAW

tRRD

tRTR

175
1250
50
125
120
038
1400
025
0.38
02
02
500
4
350
1375
1276
18
3000
150
4
315
15
15

Figure 3-33. Memory Timing

B2 BBRBRE
3

cycles
cycles
cycles
cycles
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MACNICA
11. Click on the Board Settings tab and verify that Use Altera‘s default settings is selected in the Setup and Hold Derating

and Channel Signal Integrity sections.

FPGA Interfaces Peripheral Fins HFS Glu

SDRAM Protocol. \DDR3 v
PHY Settings Memary Parameters Memory Timi :.
Use the Board Sattings to mods| the board-evel effects in the timing analysis

The wizard supports single— and multi-rank configurations. Altera has determined the
effects on the output signaling of these configurations and has stored the effects on the output slew
rate and the channal uncerainty within the UniFHY MegaWizard

These values are representative of specific Altera boards, You must change the values to account for
the board leve! effects for your board. You can use Hyperl ynix or similar simulators to obtain
values that are representative of vour board.

[ Setup and Hold Derating

The slew rate of the output signals affects the setup and hald times of the memory device

You can speafy the slew rate of the output signals to refer to their effect on the setup and hold times of
koth the address and command signals and the DQ sigrals, or specify the setup and hold times directly.

Derating method @ se Alters's default settings
5:'5mcify slew rates to calaulate setup and hold times
() Specifysetup and hold times directly

CK/CK# slew rate (Differential) 2.0 /e
Address and command slew rate: 10 /s
DAS/DOSH slew rate (Differential) b0 /s
[ slew ate: 10 R
s 0325 ns
tiH 035

108 02

tOF 0225

Chanrel Signal Integnty is a measure of the distortion of the eve dus to intersymbol interferencs
or crosstalk or other effscts. Typically when going from a singe—rank configuration to a multi-rank
configuration thers is an increase in the channel loss as there are multiple stuks causing
reflections. Flease perform your channel signal integnty simulations and enter the extra channel
uncertainty as compared to Altera’s reference eye diagram.

Dorating Msthod Alisra's default settings

() Specify channel uncertainty values
Address and command eve reduction (setup), 00 ns

Figure 3-34. Board Settings (1)

.
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12. Scroll down to the Board Skew section and verify that the board skew is as shown below.

|" Channel Signal Integrity
Channel Signal Integnty is a measure of the distortion of the eve due to intersymbol interference
or crosstalk or other effects. Typically when going from a single—rank configuration to a multi—rank
configuration there is an increase in the channel loss as there are multiple stuks causing
reflections. Please perform your channel signal integnty simulations and enter the esdra channel
uncertainty as compared to Altera’s referencs eve diagram

Derating Method (®) Use Altera's defaLilt settings
|:1Speciﬁ' channel uncerainty values

Lddress and command eve reduction (setup). 00

Address and command eve reduction (hold) 00

Winte D3 eve reduction: 00

Whte Delta DGS amival time: 00

Read DQ eve reduction: 0.0 =

Read Delta DUS amival time: 0.0 re

[ Board Skews

FCE traces can have skews betwesn them that can cause timing margins to be reduced Furthermors
skews between different ranks can further reduce the timing margin in multi—rank topologies

Restore default values
Maximum CK delay to DIMM/device 06 ns
Maximum DS delay to DIMM/device 06 ns
Minimum delay difference between CK and DQS 00 s
Maximum delay difference between CK and DQS; Do s
Maximum skew within DOS group 002 ns
Maximum skew batwean DGES groups: 002 ns
Average delay difference between DG and DQS 00 ns
Maximum skew within address ard command bus 0.02 ns
Average delay difference between address and command and CK: 100 ns

Figure 3-35. Board Settings (2)

13. Select File menu => Save in Platform Designer to save the HPS parameter settings specified in the previous steps.

.
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3-6. Step 6: Setting the HPS Clock and Export Signal

In this step, you will set the HPS H2F bridge clock and the LWH2F bridge clock.

The clocks set here are the clocks on the FPGA side of each bridge (h2f_axi_clk and h2f_Iw_axi_clk shown below). The
clocks on the HPS side are 13_main_clk and 14_mp_clk, which are set in "3-4. Step 4: Set the HPS Clock," and are

different from the clocks set here. The difference in clocks is absorbed within the bridge.

The HPS export signal is also set. This export signal is used for communication outside Platform Designer. For example,

it is used to connect Platform Designer to other logic on the FPGA and to place it on pins.

FPGA Fabric
32, 64, or 128 Bits 32 Bits 32, 64, or 128 Bits
(h2f_axi_clk) (2t dw . Wl (f2h_axi_clk)
32 Bits 32 Bits
M S
5 | (14_mp_dKk) (14_mp_dk)[s
oA AHB ‘_| > AHB al
(GPV) GPV
HPS-to-FPGA el | A% | aNe V)" tpea-to-Hps
Bridge _ _ Bridge
Lightweight
S “to- i M
& HPS-to FPSGA Bridge a
AXl | (GPV)
64 Bits 2 328its 64 Bits
(I3_main_clk) (14_mp_dlk) (13_main_clk)
M M S
AXI AXI AXI
(L3 Main Switch) (L3 Slave Peripheral Switch) (L3 Main Switch)

L3 Interconnect

Figure 3-36. Clock between HPS and FPGA

.
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1. Goto the System Contents tab.

2. By specifying the signal name in the Export column, you can route the signal to the outside of the Platform Designer

system. Make sure that the hps_io port of the HPS component you just added is exported with the signal name hps_io.

3. Similarly, make sure that the memory port of the HPS component is exported with the signal name memory. This is the
10 of the SDRAM on the HPS side that you just configured.

4. Exportthe h2f_ rest of the HPS component. Double-click the Export column of H2f_reset.

Rename it to "h2f _ reset" and press Enter to export.

5. Configure the Clock Input interface h2f_axi_clock on the HPS. Select clk_0 from the pull-down menu in the Clock

column next to H2f_axi_clock and connect clk_0 to h2f_axi_clock.

6. Configure the Clock Input interface h2f_Iw_axi_clock on the HPS in the same way. Select clk_0 from the pull-down

menu in the Clock column next to H2f _Iw_axi_clock and connect clk_0to h2f_Iw_axi_clock.

"~ Platform Designer - soc_system.qgsys (C:¥lab¥soc lab¥cv soc lab¥soc system.qgsys)

Double—click to

hZ'F\w axi_mas.. A}(I aster lr:H'-._G

File Edit System Generate View Tools Help
1= Svstem Contents % llAddr’ESS Map & | Interconnect Requirsments &
= |~ mc_system Path: hps (0 h2f reset
; .. Connections  Name Description Export Clock
X ¥ 2 clk 0 Clock Saurce
= = clk.in Clock Input clk exported
o= clkinresst Reset Input reset
= — T clk Clock Qutput clk 0
- —_ cll resst Reset Output
v | v = onchip memo... Or—Chip Memory (RAM ..
¥ clkl Clock Input clik 0
sl Buvalon Memory Mapped [kl ]
reset] Reset Input [clki]
v 8 led pio FIO (Farallel [A0) Intel F...
clk Clock Input clik 0
reset Reset [nput [clk]
sl Awvalon Memory Mapped .. [clk]
<1 extermal conn . [Conduit led pio external co.
M 2 dipsw_pio PIO (Parallel [/0) Intsl F
clk Clock Input clk 0
reset Reset Input [clk]
sl Loaalon Memory Mapped [clk]
<1 extermal_oonn... Conduit dipsw_pio_external...
v 8 button _pio FIO (Farallel [A0) Intel F...
clk Clock Input cll 0
reset Reset Input [clk]
sl Pvalon Memory Mappsed .. [clk]
1 extermal conn.. (Conduit button pio externa...
¥ B hps_0 Piria VACvdone V Hard
<1 memory Conduit memory
< h;:xs =] Conduit hps io
i i Double—click to
h2 T axi c\ock Clock IﬂDut unconne:
h2faxi master |4 Master [h2fax_...
b2f lw axi_clock Clock Input unconne
h2f b axi_mas | AX] Master [H2F
v B hps 0 Arvia V/Cydone V Hard
< memory Conduit memory
< s o Conduit hps_io
A hefreset Reset Output h2f reset
hofax dock  |[Clock Input |{
hzfam master AXI Master’ I v =
b
|

Figure 3-37. Setting the clock and export signal

Now that clk0 is connected, the two error messages in the Message Window in Figure 3-23. should disappear.

Ver.20.1/Rev.4 April 2025 34/111 ALTIMA Company, Macnica, Inc.



My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)

3-7. Step 7: Connecting HPS Components to Other Components

In this step, you will connect the HPS components added to the Platform Designer system and the components
already implemented in the Platform Designer system. Since the FPGA will operate at clk_0 (50 MHz), clk_0 is already

connected to each component.
___ 1. Verify that the Clock Input interface of the Onchip_memory2_0 component is connected to clk_0.
2. Verify that the Clock Input interface of the Led_pio component is connected to clk_0.
3. Verify that the Clock Input interface of the Dipsw_pio component is connected to clk_0.
4. \Verify that the Clock Input interface of the Button_pio component is connected to clk_0.

5. Selects1 of onchip_memory2_0, then right-click and select hps_0.h2f_axi_master from the connection submenu. This
connects the s1 interface of the onchip_memory2_0 component to the HPS h2f_axi_master. This configuration allows

the Arm° processor to access onchip_memory on the FPGA side.

C-S_ystem Qo_nte_mta- 23] Address Map ¥ | Interconnect Requirements % |

“ [« W System: socsyvstem  Path: onchip memon? 051
; .. Connections Mame Description Export Clock Base End
w |v| B k0 Clock Source | ‘
= clk_in (Clock Input clk lexporte:

clk in reset Reset [nput reset ‘
= clk Clock O utput clk 0
- clk reset Reset Qutput
v E onchip memorny2 0 OrChip Memory (RAM ..
. 4 ‘ Clock Input clk O
Connections: onchip_memory2 0.s1 > Export as: anchip_memory2 0 s1 r
[ hps_0.h2f_axi_master

hps_0.h2f_lw_axi_master

Select s1 of onchip_memory2_0 and right-click

Specify a connection destination from the displayed
connection submenu

Figure 3-38. Connecting components

6. Similarly, right-click s1 of button_pio and select hps_0.h2f Iw_axi_master from the connection submenu. This

connects the s1 interface of the button_pio component to the HPS h2f_Iw_axi_master.

Notice that the connection destination is h2f_Iw_axi_master. The same applies to each subsequent PIO component.

7. Similarly, right-click s1 of dipsw_pio and select hps_0.h2f Iw_axi_master from the Connect submenu. This connects

the s1 interface of the dipsw_pio component to the HPS h2f_lw_axi_master.

8. Similarly, right-click s1 of led_pio and select hps_0.h2f _Iw_axi_master from the Connect submenu. This connects the

s1 interface of the led_pio component to the HPS h2f_Iw_axi_master.

.
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9. Select the HPS component and use the up and down X ¥ & & buttons in the Platform Designer toolbar on the left side
of the System Contents window to move the HPS component below clk_0. Use to move the HPS component below
clk_0.

The Platform Designer system after configuration is complete is shown below.

I Sustem Contents } Address Map 2 | [nterconnect Requirements & |
« W System: socswstern  Path: hps (0 h2f hw axi_master
: U.. Connections MName Descrption Expart Clock Base End
X [v] 8 clk 0 Clock Souros
= =5 clhkin Clock Input clk exported
— = clk in reset Feset [nput reset
= —F¢ clk Clock O utput k0
- e clk reset Reset Output
- | v B hps 0 Armia W/ Cyclone VWV Hard Process..
4 o Temory Conduit memory
— o hps_io Conduit hps_io
3 h2freset Reset Cutput h2f reset
h2taxi caock Clock Input clk D
—  h2faxi_master A3 Master W2 faxi_clock]
f het lw axi clock Clock Input clk O
F e Double—click to export
B onchip memory? 0 [ ip Memary (RAM or ROM)
clkl Clock Input clk 0
=1 Bvalon Memeory Mapped Slave Lelk1] a 0x0 0x0000 FFFF
reset] Reset [nput [clk1]
v 2 led_pio PIO (Parallel 1/0) Intel FPGA TP
clk Clock Input clk D
reset Reset Input [clk]
— sl Pevalon Memory Mapped Slave [clk] a Ox1 0040 Dx0001 00&f
<1 extemal_connection  [Conduit led_pio_external_connection
[v] 2 dipsw _pio PIO (Parallel 1/0) Intsl FPGA [P
clk Clock Input clk 0
reset Reset Input [dlk]
— s1 Povalon Memory Mapped Slave [clk] # [x1_0080 Dx0001_008f
S extermal connection  [Conduit dipsw_pio_external_connection
M 2 button_pio PIO (Farallel 1/O) Intel FRGA TP
clk Clock Input clk 0
resat Reset [nput [clk]
— Bwalon Memory Mapped Slave [ck] & 0x1_00cD  0x0001_00cf
S external_connection  [Conduit button_pio_external connection

Figure 3-39. The Platform Designer system after configuration is complete

Consider accessing led_pio.

If you look at the second Base column from the right of led _pio, it is set to 0x0001_0040. This is the offset address of
led_pio in Platform Designer. Earlier 8 The master to access led_pio is HPS h2f_lw_ axis _master. Since the base

address of the Lightweight HPS-to-FPGA bridge was OxFF20_0000, accessing this led_pio would be:
Bridge base address (OxFF20_0000) + Platform Designer offset address (0x0001_0040) = 0xFF21_0040

Other components can be considered in the same way, and dipsw_pio would be OxFF21_0080.

Next, consider accessing onchip_memory.

The base address of the HPS h2f_axi_master bridge, which is another path from the HPS to the FPGA, is 0xC000_0000.
In this case, the Platform Designer offset address of onchip_memory connected to the HPS h2f_axi_master is 0x0, so

in this case, the base address of the bridge (0xC000_0000) is the base address to access onchip_memory.

.
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3-8. Step 8: Connect Resets and Assign Base Addresses

This step provides a bulk reset connection and automatic base address assignment.

1. Select Platform Designer System menu => Create Global Reset Network to connect all reset interfaces in the design in
bulk.

2. Automatically assign base addresses for all components so that there are no duplicate addresses. Select System menu

=> Assign Base Addresses.

- Platform Designer - soc system.gsys™ (C:¥lab¥soc lab¥cv soc

enerate View Tools Help

Upgrade IP Cores...

. Assign Base Addresses

Assign Interrupt Numbers
Assign Custom Instruction Opcodes
Create Global Reset Network

Show System With Platform Designer Interconnect

Remove Dangling Connections

Figure 3-40. Reset Bulk Connect and Assign Base Addresses Automatically

If you did Assign Base Addresses, nothing happened.
In this exercise, the base addresses for each peripheral were fixed beforehand, so they were not automatically assigned.

You can lock the address setting by using the lock symbol & next to the base address, as shown in Figure 3-41.. Each
click toggles whether the address is locked or not. If you want to lock the address, lock it with the lock symbol after

setting the address. You can also lock it by selecting Platform Designer's Edit menu => Lock Base Address.

B hps 0 Aris W/ Cyclone V Hard Process
= memory Conduit memory
1 hpsio Conduit hps_io
H h2freset Reset Output h2f reset
hetaxi_clock Clock Input clk 0
Ir—< b2t axi_master L] Master [hef axi clock]

h2f|w ax clcck Clock Input clk O

Double—click to export

B OﬂChID em ry2 0 r—Chip Mermory (R&M or ROM)
clkl Clock Input clk O
sl Lovalon Memory Mapped Slave [clk1] & Ox0 0x0000 ffff
reset] Reset Input (k1]

8 led_pio PIO (Parallel 1/0) Intel FRGA TP
clk Clock Input clk 0
reset Feset Input [cli]

— =l Lovalon Memory Mapped Slave [clk] (BUX] 0040 Dx0007 _005F
<] external_connection  [Conduit ] led_pio_external_connection

Figure 3-41. Fixing the Base Address

.
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3-9. Step 9: Checking the Platform Designer System

1. Verify that the Platform Designer system you designed is as shown in "Table 3-1. Connectivity of the Platform Designer

system after design" below. Also refer to "Figure 3-39. The Platform Designer system after configuration is complete."

To be consistent with the Quartus® Prime project for the exercise, make sure that the export signals are properly

exported and named correctly. You can use any signal name in the actual design. There is no regulation on the order of

components.
Table 3-1. Connectivity of the Platform Designer system after design
Component Port name Connection
clk_in Export as clk
clk_in_reset Export as reset
clk_0
clk Connect to all components
clk_reset Connect to all components except hps_0
led_pio external_connection Export as led_pio_external_connection
dipsw_pio external_connection Export as dipsw_pio_external_connection
button_pio external_connection Export as button_pio_external_connection
h2f_axi_master Connect to onchip_memory2_0.s1
Connect to led_pio.s1
hps_0
h2f_Iw_axi_master Connect to dipsw_pio.s1
Connect to button_pio.s1

2. Select Platform Designer View menu => Device Family and confirm that the Device Family is Cyclone V.

The Device is 5CSEMA4U23C6 for the Atlas-SoC board and 5CSEBA6U2317DK for the DE10 Nano board.

“ Platform Designer - soc system.gsys* (C:¥lab¥soc lab¥cv soc lab¥

File Edit System Generat§ View §ools Help

TPesae &

Address Map 5
| Assignments

el i Block Symbol

Project 4 Clock Domains - Beta

- New Component...
[ System I Connections

Library Diabail

# Basic Functions s - =
#HOSP |&"  Device Family
Hnterface Protocols

L owr Powesr

fHMemory Interfaces and (¥ Hierarchy
HProcsssors and Periphs IP Catal

sy Interconnect atalog
HTr-State Components | Instance Parameters
HUniversity Program

& Instrumentation - Beta

B Interconnect Requirements

5 Messages

W Parameters

‘el Presets

At Reset Domains - Beta

Iz Schematic

1% System Contents

Reset to System Layout Ctrl+1
Mew... | [ £ Reset to IP Layout Ctrl+2
Hiersrchy 5 [ &' Device F Custom Layouts >3

Devics family: | Cyclone V v
Devics BOSEMAALIRECE |

Figure 3-42. Device Family tab
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__ 3. Select Platform Designer View menu Interconnect Requirements and set Limit interconnect pipeline stages to 1.
Increasing the number of stages allows more timing, but also increases the logic of the FPGA. Make sure the Clock
crossing adapter type is set to Handshake. Increasing the number of stages allows more timing, but also increases the
logic of the FPGA.

Make sure that the Clock crossing adapter type is set to Handshake.

~ Platform Designer - soc system.qsys* (C:¥lab¥soc lab¥cv_soc lab¥soc system.qsys)

| Address Map
[ Assignments

File Edit System Generat

HTS)

_Syatem Contents ‘ Address Map pd [G Interconnect F ?XFI i =]

4 Block Symbol Caonfigure interconnect requirements for the system or an interface.
Proiect ins - : -
_;.W,{eNew Component... Inl:m E!OCk Izt(?mains Beta System—wide Reguirements
1.1
E‘-‘E\’E’tem Om?e 101z Limit interconnect pipeline stages to: |1 v
: r:Sri\é Functions B Details : |
& Device Family Clock crossing adapter tyre ‘Handshake ~
n;airFsgn\’c;eFI”rotooo\s "4 Generation Messages .
emary Inter‘F.:éoE)s amﬁi t¥. Hierarchy All Requirements
o Intersomnect | IP Catalog Identifier  Setting Value
I;I__U”._Statte %omponents “#  Instance Parameters $svstem  Clock crossing adapter type Handshake
Hlniversity Program ctaicaaniabioo L Dots gswtem IEimi;IinEggonnect [:?ipeline stages to |1IA|_SE
= — system nable protection
inferconnectRequitRents $system  Automate default slave insertion FALSE

‘ o= Viessages

Figure 3-43. Set project parameters
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3-10.  Step 10: Generate the Platform Designer system

Generate the completed Platform Designer system.

1. Check the Message box on the System Contents tab for any remaining errors. If there are any errors, you must fix them

before continuing. Ignore the blue warning at this time.

4Z Mossages = \ - =
Twoe Fath Message
EA 2 Wamings
soc_system.hps 0 ”Configuration/HPS—to—FPGA user 0 clock frequency” (desired_cfg_clk_mhz) requested 100.0 MHz, but only achieved 97 368421 MHz
soc_system_hps_( 1 or more output clock frequencies cannot be achieved precisely, consider revising desired output clock frequencies

B[] 5 [nfo Messages

@ soc_system button_pio PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during simulation
@ soc_system dipsw_pio PIO inputs are not hardwired in test bench. Undefined values will be read from FIO inputs durning simulation
(7] soc system_hps 0 HFS Main PLL counter settings: n =0m =73

@ soc system_hps 0 HFS penphenal PLL counter settings: n =0 m =39

(7] soc system.led pio PIQ inputs are not hardwired in test bench. Undefined values will be read from PIO inputs dunng simulation.

Figure 3-44. Message window display
2. Select File menu => Save to save the Platform Designer system. [Close] when Save System Completed pops up.

-~ Save System Completed X

alle @

L = e e e e e = e e = L e e e e =t | ey

nfo: C:¥intel FPGA¥18.1¥quartus¥sopc builder¥builtin.ij ™
nfo: C:/intelFPGA/18.1 /quartus/sopc_builder/%%/% ma
nfo: Reading index C:¥intelFPGA¥1 8.1 ¥quartus¥common
nfo: C:¥intelFPGA¥1 8.1 ¥quartus¥common¥librarian¥fa«
rfo: C:/intelFPGA/18.1 / quartus/common/librarian/fa«
nfo: C:/intelFPGA/18.1 /quartus/sopc_builder/bin/$IP.
nfo: G- ¥intel FPGA¥1 8.1 ¥quartus¥sopc builder¥bin¥roof
nfo: C:/intelFPGA/18.1 /quartus/sopc_builder/bin/root ¥
>

Figure 3-45. Saving the Platform Designer system

~nGGGOBEOGG

9 Save Syetem: completed successfully:

3. Select Generate menu => Generate HDL.

Platto Designe 0 em.d ab¥soc |al
File Edit Syster] Generate )iew Tools Help
[P Catalog Generate HDL...

Generate Testbench System... |

“

F_’m.uacti' Generate Example Design... >r
Sﬁr\{gﬁ Comg Show Instantiation Template...

Figure 3-46. Generating the Platform Designer system

.
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4. Check the settings in the Generation window and execute [Generate].

- Generation

|' Synthesis

Synthesis files are used to compils the system in a Quartus project.

Creats HDL design files for swithesis: Verlog ~

|:| Create timing and resource estimates for third—party EDA synthesis tools.
[ Create block symbol file (bsf)

|- Simulation

The simulation model contains generated HDL files for the simulator, and may include simulation—onky
features.

Simulation scrpts for this comporent will be generated in a vendor—specdific sub—directory in the specfied
output directory:

Follow the guidance in the generated simulation scripts about how to structure vour design’s simulation
scripts and how to use the ip—setup—simulation and ip—make—simscript command-line utilities to compile
all of the files needed for simulating all of the IP in vour desian.

Create simulation model Mons v

|' Output Directory
Fath C:/lab/soc lab/ov soc lab/soc system

Generate Cancel

Figure 3-47. Platform Designer System Generate Execution Window

5. Platform Designer's Generate menu => Show Instantiation Template shows an example of an instance that can be
used when instantiating a top design.
This time, it has already been instantiated, so there is no particular work to be done, but it is very useful when actually

using it.

- Instantiation Template

You can copy the example HOL below to declare an instance of soc_system.

HOL Language: Verlog v

Example HDL

soc_system ul { ~
.button_pio_external_connect ion_sxport {<connected-to-button_pio_external_connect ion_expart>),
cclk_clk {<connected-to-clk_clk>),
.dipsw_pio_external_connect ion_export  {<connected-to-dipsw_pio_external_connect ion_export>],
.hp=_io_hpz_io_emacl_inst_TX_CLK (<connected-to-hps_io_hps_io_emacl_inst _T¥_CLK>),
Lhes_io_hps_io_emacl_inst _THDO {<cornected-to-hps_io_hps_io_emacl_inst _THD0>),
.hp=_io_hps_io_emac!_inst_THD1 {<connect ed-to-hes_io_hps_io_emac! _inst _THD1:),
.hp=_io_hps_io_emacl_inst_THDZ2 ({cornected-to-hps_io_hps_io_emacl_inst_THDZ>),
Jhps_io_hps_io_emac]_inst_THD3 {<connected-to-hps_io_hes_io_emacl_inst_THD3>),
chps_io_hps_io_emacl_inst_RXDO ({connected-to-hps_io_hes_io_smac!_inst _RHD0:),
.hps_io_hps_io_emacl_inst_WDIO (<connected-to-hps_io_hps_io_emac!_inst _MWDIO>),
.hps_io_hps_io_emacl_inst_MDC {<connected-to-hps_io_hps_io_emac!_inst _MDC>),
.hps_io_hps_io_emac]_inst _R¥_CTL {<connected-to-hps_io_hps_io_smac!_inst_R¥_CTL>),
.hps_io_hps_io_emacl_inst _TH_CTL (<comnected-to-hps_io_hpa_io_emacl_inst _TX_CTL:),
.hps io hps io emac1 |nst _RH_CLK (<connected to hps io hps io emac:1 |n3t R CLH)), LV
< >
Copy Close

Figure 3-48. Platform Designer system instance example

.
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6. After Platform Designer generation is complete, click the [Close] button to close the Platform Designer system

generation dialog box and return to Quartus® Prime.

-~ Generate Completed A

Allo s @

@ Info: Reusing file C:/lab/soc lab/cv soc lab/soc system, A
@ Info: avalon st adapter: "mm_interconnect 17 instantiate
@ Info: border “hps_io” instantiated altera_interface gener:
@ [nfo: ervor adapter 0: “avalon st adapter” instantiatsd er
@ Info: ervor adapter 0; “avalon st adapter’” instantiated er
@ Info: soc system Dons “soc_system” with 35 rmodules, 93

@ [nfo; osyvs—generate sucoeseded.

@ [nfo; Finished: Create HDL design files for synthesis v
< >

© Generate completed with wamings

Sten

Figure 3-49. Platform Designer system generation complete

7. Select Quartus’ Prime's Project menu => Add/Remove Files in Project (The Settings dialog box appears with the Files
category selected).

¥ Quartus Prime Standard Edition - C:/lab/soc_lab/cv_soc lab/soc system - a

OrRH ~“Mi Add Current File to Project

Project Navigato | % Add/Remove Files in Project... |

File Edit Vie Assignments Processing Tools Window Helj

! Revisions...

Figure 3-50. Select Add/Remove Files in Project

8. Pressthe [...] button next to the File name field in the Settings dialog box and browse to the soc_system/synthesis

folder from the Select File window.

“ Settings - atlas —

Category: |
General
Files Select the design files you want to include in the project. Click Add All to add all design
Libraries project directory to the project.

v |P Settings

IP Catalog Search Loc; | Eile name: | | ol

Figure 3-51. Settings dialog box

.
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9. Select the file Soc_system.qip and click [Open]. This qip file links the generated components in Platform Designer.

Instead of registering each generated file individually, you can add a Platform Designer system to a project by registering
this qip file.

Select File X

“ v N « cv_soc lab » socsystem > synthesis v D L
submodules 2020/01/16 13:06
[ socsystemaip 2020/01/16 13:06 1676 K8 |
| soc_system.v 2020/01/16 13:05 63 KB
File Name(N): Isoc_system.qip v | |Design Files (“tdf *.vhd *vhdl * ~
o= ) cone

Figure 3-52. Specifying the Qip File

10. Verify that the file has been added.

“ Settings - atlas

Category: Device/Board...

General Files
Files Select the design files you want to include in the project. Click Add All to add all design files in the
Libraries project directory to the project.
Vv IP Settings
IP Catalog Search Loc: | Eile name: | ‘ Add
Design Templates | X |
o Eapastat - & Add All
perating Settings and
Voltage File Name Type Libra REmOve
Ter'r.mpe.rature isoc_system/synthesis/soc_system.qip  IP Variation File (.qip)
% Compilation Process Set I IR VeTToE DT TS Up

incren'_lenta_l Compilay ip/edge_detect/altera_edge detector.v Verilog HDL File

Figure 3-53. Register Qip file

11. Close the Settings dialog box with the [OK] button.
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3-11.  Step 11: Set pin assignments and compile Quartus’ Prime project

For HPS-only IO, pin assignments are basically done automatically by the tool because pin placement is fixed. The

exception is that SDRAM interfaces require a tool-generated script to be executed by the designer. To execute the script,

first generate the netlist and then execute the script.

Therefore, first run Analysis & Synthesis to create the netlist, then execute the script and compile the FPGA again.

1. InQuartus® Prime, select Processing menu => Start => Start Analysis & Synthesis.

(Alternatively, click the Start Analysis & Synthesis button \E’ on the GUL.)

¥ Quartus Prime Standard Edition - C:/lab/soc _lab/cv_soc_lab/soc_system - atlas

Tools Window Help

File Edit View Project Assignmentd

O d |- 0| D | latlas Stop Processing Ctrl+Shift+C
Project Navigator [ Hierarchy P Start Compilation Ctrl+L
Entity:Instance 4 Analvze Current File
# Cyclone V: 5CSEMA4U23C6 [ Start ’l s  Start Hierarchy Elaboration

Start Analysis & Elaboration
‘& Start Analysis & Synthesis

Update Memory Initialization File

* ghrd_top ™
cuk |

0 Compilation Report Ctrl+R

0 Dynamic Synthesis Report %% Start Partition Merge

&' Quartus Prime Standard Edition - C:/lab/soc_lab/cv_soc lab/soc_system - atlas

File Edit View Project Assignments Processing Tools Window Help

Of W 0|2 jatas | LSS D a2 @
Start Analysis & Synthesis - Ctrl+K

Project Navigator # Hierarchy

Figure 3-54. Start Analysis & Synthesis

2. When finished, verify that there are no errors. |+ , there are no errors. The netlist is now created.

¥ Quartus Prime Standard Edition - C:/lab/soc lab/ev soc lab/soc

File Edit View Project Assignments Processing Tools Win

OrE +0n|» | s o & s

Project Navigator « Hierarchy ~ o =

Entity:Instance

» Cyclone V: 5CSEMA4U23C6
» B2 ghrd top ™

< >
Tasks ECon']pilation v.gs na x
Task Time
L : i
v > B Analysis & Synthesis 00:03:45

> P Frter (Place & Route)

> P Assembler (Generate programming files)
> P Timing Analysis

> P> EDA Netlist Writer

W Edit Settings

» Program Device (Open Programmer)

Figure 3-55. Verify successful completion of Start Analysis & Synthesis
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3. Select Quartus® Prime Tools menu => TCL scripts.

¥ Quartus Prime Standard Edition - C:/lab/soc_lab/cv soc lab/soc system - atlas

File Edit View Project Assignments Processin indow Help

O d ol latlas v Run Simulation Tool 4
- 5 . . . .
Project Navigator & Hierarchy % Launch Simulation Library Compiler
Launch Design Space Explorer Il
Entity:Instance S bl &
i Cyclone V: 5CSEMA4U23C6 © Timing Analyzer
> B8 ghrd_top B Advisors "
Q Chip Planner
< @ Design Partition Planner
— Netlist Viewers LS
Tasks Compilation
Signal Tap Logic Analyzer
_— P sig p Log yz
. i &= |n-System Memory Content Editor
v P Compile Design : : )
: - = = Logic Analyzer Interface Editor
v > P Analysis & Synthesis = )
01 In-Systemn Sources and Probes Editor

> P> Fitter (Place & Route) ) )

o Signal Probe Pins...
> P Assembler (Generate programming files)
» Programmer

Q\\ JTAG Chain Debugger
» Fault Injection Debugger

> P Timing Analysis
> P EDA Netlist Writer
B Edit Settings

. System Debugging Tools L
» Program Device (Open Programmer)

@ P Catalog
Nios Il Software Build Tools for Eclipse

Platform Designer

!
[ # Tcl Scripts...

Figure 3-56. Starting the Tcl Scripts Window

4. Select hps_sdram _p0_pin_assignments.tcl in soc_system => synthesis => submodules, and click the [Run] button
(it takes a while for the application to take effect).
This operation will apply the settings made in the SDRAM Controller tab of HPS, such as SDRAM 10 Standard and OCT
settings.
M Tdl Scripts X

Libraries:

v I~ Project ~ Edit
v [ soc_system :
v I synthesis ‘Add to Project...
v [~ submodules
hps sdram pO paﬂmeter&tcl
I hps sdram_pO pin_assignments.tcl ]

hps sdram_pO pin_map.tcl v

Preview:

#(C) 2001-2018 Intel Corporation. All rights reserved. ~
# Your use of Intel Corporation's design tools, logic functions and other

# software and tools, and its AMPP partner logic functions, and any output

4 files from any of the foregoing (including device programming or simulation

# files), and any associated documentation or information are expressly subject v
L4 >

Run | Close Help

Figure 3-57. Executing a Tcl Script
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5. When you have finished, click the [OK] button.

& Quartus Prime

@ Tcl ScriptFile
i

“C:/lab/soc_lab/cv_soc_lab/soc_system/synthesis/submodules/hps_sdram_pO_pin_assignments.tcl"
executed.

Figure 3-58. Completing a Tcl Script

6. [Close] the Tcl Scripts window.

W Tcl Scripts X
Libraries:
v I~ Project ~ Edit
v 7 soc_system : '
v I= synthesis ‘Add to Project...
v I~ submodules
hps_sdram_p0O_parameters.tcl
hps_sdram_pO_pin_assignments.tcl
hps_sdram_p0O_pin_map.tcl v
Preview:
#(C) 2001-2018 Intel Corporation. All rights reserved. ~
# Your use of Intel Corporation's design tools, logic functions and other
# software and tools, and its AMPP partner logic functions, and any output
# files from any of the foregoing (including device programming or simulation
# files), and any associated documentation or information are expressly subject v
< >
| Run | ‘ Close ﬂ Help

Figure 3-59. Close Tcl Scripts Window
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7. Select Quartus’ Prime Processing menu => Start Compilation (Alternatively, click the Start Compilation button | b= on

the GUI) to compile the FPGA. This compilation creates a .sof file that will be the working image of the HW and a handoff

file that will be passed to the next software development.

& Quartus Prime Standard Edition - C:/lab/soc lab/cv_soc lab/soc_system - atlas

Processing

File Edit View Project Assignments ools Window Help

DEd “H0h/ 2cC B Stop Processing Cirl+5hift+C
Project Navigator P> Start Compilation Ctrl+L
Entity:Instance | Analyze Current File o
i Cyclone V: 5CSEMA4U23C6 Start ¢
> B8 ohrd top ”'fﬂ Update Memory Initialization File

Compilation Report Curl+R

¢O

Dynamic Synthesis Report

Power Analyzer Tool

B SSN Analyzer Tool

Receive Compilation Status Notifications

Figure 3-60. Run Start Compilation

8. Verify that the compilation is complete.

&' Quartus Prime Standard Edition - C:/lab/soc lab/cv_soc lab/soc syd

File Edit View Project Assignments Processing Tools Windo

OfFH N0 [ D ¢ atlas T LS B D

Project Navigator  Hierarchy voga x

Entity:Instance

v Cyclone V: 5CSEMA4U23C6
> BB ghrd_top "®

< >
Tasks 'Compilation l=ha
Task Time
v v B Compile Design 00:06:45
v > P Analysis & Synthesis 00:03:42
v > P Fitter (Place & Route) 00:02:05
v > P Assembler (Generate programming files) 00:00:14
v > P Timing Analysis 00:00:44

> P EDA Netlist Writer
W Edit Settings

» Program Device (Open Programmer)

Figure 3-61. Compilation complete

.
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3-12.  Step 12: Verify the output file

Verify the output file in Quartus® Prime and Platform Designer.
1. Using Windows® OS Explorer, navigate to the output file folder (below).

C:¥lab¥soc_lab¥cv_soc_lab¥output files

2. Verify that there is a .sof file output in the above folder.
atlas.sof for Atlas-SoC board
DE10 Nano.sof for DE10 Nano board.

As mentioned earlier, this file is the operational image file of the FPGA.

This file will be written to the FPGA on the board using a tool called Programmer in a later exercise.

3. Using Windows® OS Explorer, navigate to the hardware/software handoff directory.
C:¥lab¥soc lab¥cv_soc_lab¥hps isw _handoff¥soc_system hps ©

Under the above folder are the hardware/software handoff files generated by the tool. These files contain various
data set in the HPS component screen of Platform Designer, information about the SDRAM interface of HPS, and
other files. These files are used to generate a file called Preloader, which is used to initialize the HPS side.

These files will be used to create Preloader in later exercises.

Lab 1 Hardware Exercise Summary

In this section, you configured the hardware including the Arm® processor by performing the following tasks:
® Adding HPS components to the Platform Designer system
® Configuring HPS components
® Connecting HPS components to other components
® Generating the Platform Designer system

® Checking the files output by Quartus® Prime/Platform Designer

Lab 1 is now complete.

Ver.20.1/Rev.4 April 2025 48/111 ALTIMA Company, Macnica, Inc.



My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)

4. Lab 2 - Software Exercise (1) Generate Preloader

In this section, you will generate Preloader using the handoff file created in "3. Lab 1: Hardware Exercise"

® Point:
In SoC EDS v20.1 (SoC EDS v19.1 and later), you need to build Preloader under the Linux OS environment. In this
exercise, you will use the Windows Subsystem for Linux (WSL1) included with Windows® 10 to generate the boot

loader.

Preloader is a boot loader based on the U-boot second program loader (Later, u-boot spl) and customized for Altera

° SoC FPGAs. Preloader is responsible for:

® HPS pin multiplex configuration

® HPSIOCSR configuration

® HPS PLL and clock settings

® HPS peripheral reset unreset

® SDRAM initialization (calibration, etc.)

® Deployment of the next stage boot image to SDRAM

As mentioned above, Preloader provides the function of initializing the HPS block and loading the U-boot and OS

into SDRAM. Preloader is automatically generated by using a handoff file that is automatically generated when Quartus®
Prime/Platform Designer is designed. Therefore, the settings made in Quartus’ Prime/Platform Designer can be applied
to the HPS block without the user having to build initialization software. The sof file | just checked is the operating image

of the FPGA side. On the other hand, the operating image of the HPS side is this file called Preloader. Note that the
operating image is executed using different files for the FPGA side and the HPS side.

Now let's create the Preloader.

.
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4-1. Step 1: Launch Embedded Command Shell

1. Launch the Embedded Command Shell included with the SoC EDS.
Launch the Embedded Command Shell by double-clicking the startup script Embedded_Command_Shell.bat located

in the Windows® Start menu or in the SoC EDS installation folder.

B nerFpGa 200071

I 50t E05 Command Shell

. SoC EDS HWLIBs Arria 10 Docume...

= SoC EDS HWLIBs Cyclone V Ama V...

. SoC EDS Source Code .
- v « intelFPGA » 20.1 » embedded »
B inteiFPGA 2001720 Standard £... ~ =
v intelFPGA ~ =E
~ . Design Space Explorer || (Quartus..,
a3 cygwin_setup
u Device Installer (Quartus Prime 20.1) =
™ 20.1 drivers
EDA Simulation Library Compile (Q... dwdata ex BmPIES
_ Double-click
B wios Il Command Shell (Quartus Pr... v embedded host_tools
B Vios 1 Documentation (Quartus Pri.. cygwin_setup —ll
N o | Embedded_Command_Shell.bat
Nios Il Software Build Tools for Echi... 4 i !
('“ : = “+| embedded_command_shell.sh
‘-Hb Programmer (Quartus Prime 20.1) examp les E env.sh
host_tools -
' Quartus (Quartus Prime 20.1) @ version.txt
P v

Figure 4-1. Starting the Embedded Command Shell
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4-2. Step 2: Generate the bsp project

Generate the bsp project required for Preloader generation from the Quartus® Prime design handoff information

(hps_isw_handoff¥soc_system_hps_0).
1. Change the current directory of the Embedded Command Shell to the Quartus® Prime project directory.

$ cd “C:¥lab¥soc_lab¥cv_soc_lab”

2. Then run the following command to create the directory where the bsp project will be output:

$ mkdir -p software/spl_bsp

3. The following command generates the bsp project: The generated directory of the bsp project contains the source code

that contains the definitions with the handoff information.

$ bsp-create-settings ¥
--type spl ¥
--bsp-dir software/spl_bsp ¥
--preloader-settings-dir “hps_isw_handoff/soc_system hps_0” ¥

--settings software/spl_bsp/settings.bsp

Figure 4-2. Generating a Bsp project

.
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IZ\ Note:

Error protection is required before using bsp-create-settings in SoC EDS v20.1std on Windows" 10. If an error occurs,
take the corrective action described in the following reference sites and run bsp-create-settings again.

[£) Reference:

Macnica Altera FPGA Insights "Workaround for bsp-create-settings execution error in SoC EDS environment"

@ Info:

The bsp project contains a Makefile but is not used in the SoC EDS v20.1 (SoC EDS v19.1 or later) environment.
Running make under the bsp project will take you to the documentation page (URL) on the Rocketboards.org site

with instructions for building the bootloader.

DN /cygdrive/c/lab/soc_lab/cv_soc_lab/software/spl_bsp

See: Building Bootloader for Cyclone V and Arria 10

bsp-create-settings created a bsp project under the software/spl_bsp directory. The source files contained in the bsp

project will then be used to build Preloader.

.
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4-3. Step 3: Launch Preloader Build Environment

Generate the bsp project needed to generate Preloader from the Quartus® Prime design handoff information

(hps_isw_handoff¥soc_system_hps_0).

As noted at the beginning of Lab 2, building Preloader (boot loader) requires a Linux OS environment. This exercise
uses Ubuntu 18.04 LTS running on WSL1. The following steps will be performed on the Ubuntu 18.04 LTS terminal of
WSL, so please set up your WSL/Ubuntu 18.04 LTS environment beforehand.

IZ\ Note:

* |In addition to WSL 1, which was originally released, there are two different WSL environments: WSL 2

(Windows Subsystem for Linux 2), which is supported in Windows"® 10 version 2004 and later. Please note that
this exercise uses WSL 1.

* This document uses Ubuntu 18.04 LTS, but you should read the version of Ubuntu as appropriate for your
environment.

® Info:

To set up the WSL 1 environment, refer to the following article.

Reference:

Macnica Altera FPGA Insights "Building Preloader/U-Boot with WSL [Part 1] Environment Setup"

* At the “SoC Startup Trial Seminar” held in our company, it will be set up beforehand.

1. Start Ubuntu 18.04 LTS running on WSL1.
Type Ubuntu in the Windows® Start menu and click on the suggested Ubuntu 18.04 LTS app.

B 0O @
g altsoc@HD120880: ~
Ubuntu 18.04 LTS
Application
2 Ubuntu

Figure 4-3. Starting the Embedded Command Shell
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@ Info:

In your Linux OS environment, you need to install various packages necessary for building. In the case of Ubuntu
18.04 LTS, use the following command to add the necessary packages beforehand. ""Do you want to continue? [Y/n]

"appears, enter Y.

$ sudo apt update Q
$ sudo apt upgrade Q
$ sudo apt install build-essential bison flex ncurses-dev Q

* At the “SoC Startup Trial Seminar” held in our company, it will be set up beforehand.

2. Install the bare metal GCC toolchain on Ubuntu 18.04 LTS on WSL1.
Run the following command in Ubuntu 18.04 LTS terminal to download and extract the GCC toolchain. If already

installed, proceed to the next step.

$ mkdir ~/toolchains B

$ cd ~/toolchains Q

$ wget https://releases.linaro.org/components/toolchain/binaries/latest-7/arm-
eabi/gcc-linaro-7.5.0-2019.12-x86_64_arm-eabi.tar.xz E|

$ tar xf gcc-linaro-7.5.0-2019.12-x86_64 arm-eabi.tar.xz B

@ Info:

Downloading the GCC toolchain takes time due to the large file size.

* At the “SoC Startup Trial Seminar” held in our company, it will be set up beforehand.

3. Set environment variables to use the bare metal GCC toolchain.

Run the following command in the Ubuntu 18.04 LTS terminal:

$ export PATH=~/toolchains/gcc-linaro-7.5.0-2019.12-x86_64 arm-eabi/bin:$PATH E|
$ export ARCH=arm Q
$ export CROSS_COMPILE=arm-eabi- [

.
Ver.20.1/Rev.4 April 2025 54/111 ALTIMA Company, Macnica, Inc.



My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)

mACI\IICA ]
4-4. Step 4: Build Preloader

Generate the bsp project needed to generate Preloader from the Quartus® Prime design handoff information

(hps_isw_handoff¥soc_system_hps_0).

1. Change the current directory in the Ubuntu 18.04 LTS terminal to the bsp project directory.

$ cd /mnt/c/lab/soc_lab/cv_soc_lab/software/spl_bsp Q

4 altsoc@HD12088C /mint/c/labfsoc_lab/c lab/software/spl_bsp

Figure 4-4. Navigate to the bsp project directory

2. Download and unpack the U-Boot/Preloader source tree under the bsp project directory. Run the following command

in your Ubuntu 18.04 LTS terminal:

$ wget https://github.com/altera-opensource/u-boot-
socfpga/archive/ACDS20.1STD_REL_GSRD_PR.tar.gz Q

$ tar -xzvf ACDS20.1STD_REL_GSRD_PR.tar.gz |

$ mv u-boot-socfpga-ACDS20.1STD_REL_GSRD_PR/ uboot-socfpga E|

@ Info:
If wget is not available, such as when working offline, use the downloaded source tree. Instead, use the following

command to copy and unpack the U-Boot/Preloader source tree:

$ tar -xzvf /mnt/c/lab/soc_lab/cv_soc_lab/solution/uboot-
socfpga/ACDS20.1STD_REL_GSRD_PR.tar.gz [
$ mv u-boot-socfpga-ACDS20.1STD_REL_GSRD_PR/ uboot-socfpga

*For the “SoC Startup Trial Seminar” in our company, follow these steps.

3. Navigate directly to the Uboot-socfpga source tree and run qts-filter.sh.

$ cd uboot-socfpga Q
$ ./arch/arm/mach-socfpga/qts-filter.sh
cyclone5 ../../../ ../ ./board/altera/cyclone5-socdk/qts/ Q

This action populates the various header files generated by bsp-create-settings below the uboot-socfpga source tree.
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4. Configure the U-Boot/Preloader source tree for the Cyclone V SoC target.

$ make socfpga_cyclone5_defconfig E|

d altsoc@HD12088C: /mnt/c/lab/soc_lab/cv_soc_lab/software/spl_bsp/uboot-socfpga

it o
conf iguration written to .config

Figure 4-5. Configuring the U-Boot/Preloader Source Tree

5. Rewrite part of the U-Boot/Preloader source tree for debugging.
Execute the following command in the Ubuntu 18.04 LTS terminal to edit in the vi editor.

After starting the editor, type the i key to enter the input mode. Rewrite the source according to the figure below.

After editing, press the ESC key once, then type : wq to save and exit.

@ Info:

In the vi editor, you can search in the file by entering the / (slash) key followed by a search keyword while in normal

mode. If you are in input mode (with — insert — or — INSERT — displayed at the bottom left of the window), press the

ESC key once to enter normal mode.

If you cannot find the edit point in the source, use /spl_boot_device or /socfpga_sdram_apply_static_cfg to search

in the file, referring to the information in the bubble below.

$ vi arch/arm/mach-socfpga/spl_gen5.c Q

* Header Include Added:
JECLARE_GLOBAL _DATA_|
#include <asm/arch/fpga_manager.h>

boot info);
* spl_boot_device Add the following to the beginning:

if(fpgamgr_test_fpga_ready()) {
/* bridge enable */
do_bridge_reset(1, 7);

BOOT_DEYICE_RAM;

BOOT_DEYICE_NAND;

Figure 4-6. Edit Arch/arm/mach-socfpga/spl_gen5.c
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$ vi arch/arm/mach-socfpga/misc_gen5.c Q

4 altsoc @HD12088C /mnt/c/lab/soc_labfcv_soc_lab/software/spl_bsp/uboot-socfpga

* socfpga_sdram_apply_static_cfg Comment out the previous

preprocessor definition:

//#ifndef CONFIG_SPL_BUILD

* Comment out the last preprocessor definition:

//#endif

FE

Figure 4-7. Edit Arch/arm/mach-socfpga/misc_gen5.c

@ Info:

This source code edit adds processing to open the bridge interface between the HPS-FPGA during Preloader. It adds
processing equivalent to what is normally done with the bridge enable command when running U-Boot.

Reference:

Macnica Altera FPGA Insights "U-Boot HPS-FPGA Bridge Open Command for SoC FPGAs"

6. Build the source tree and generate the U-Boot and Preloader.
$ make -j 24 Q

4 altsoc@HD12088C: /mnt/c/lab/soc_lab/cv_soc_lab/software/spl_bsp/uboot-socfpga Q' altsoc ®HD12088 /software/spl_bsp/uboot-socfpga

Figure 4-8. Generating the U-boot and Preloader
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7. After executing the command, confirm that it finished without any errors.

After confirming that it finished without any errors, confirm that u-boot-with-spl.sfp has been generated by the 1s Q
command.

This file is a binary file that contains both U-Boot and Preloader, and is written to an SD card or QSPI flash memory. The
mkpimage header referenced by BootROM is attached to the Preloader portion, and the mkimage header information

referenced by Preloader is attached to U-Boot.

Lab 2 is now complete.
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5. Lab 3: Software Exercise (2) Bare Metal Application

In this section, you will use Arm® DS to run the Hello World sample application included with the SoC EDS and the LED

Blink sample application provided for this exercise to demonstrate software development and debugging techniques.

The sample application is outlined below.

Hello World Sample Application Overview

This sample application uses the semi-hosting capabilities of Arm® DS to print a "Hello Tim" message to the

debugger console.
This method does not use device peripherals and all communication is done through JTAG.

The application to run is downloaded to 64KB of on-chip RAM and starts running. This eliminates the need to

configure SDRAM memory on the board.

For these reasons, it can run on any board with Altera” SoC FPGAs.

Overview of the LED Blink Sample Application

This sample application uses the FPGA design created in "3. Lab 1: Hardware Exercise" and accesses the PIO

peripherals on the FPGA fabric side from the Arm® processor to control the LEDs on and off.

Before running the main application, this sample application runs the HPS block initialization software called
Preloader to calibrate the SDRAM, set the clock, and initialize the bridge between the HPS-FPGA. This allows
the main application to run with the peripherals on the FPGA fabric side accessible. The main application also

loads into SDRAM and starts running.

7\ Note:

® This document uses Arm” DS version 2020.1. Use the appropriate version of Arm® DS for your environment.

® Before performing this exercise, ensure that Linux” (or another OS) is not running on the board. The OS can
interfere with the ability to download and debug bare metal applications (If a microSD card is inserted, remove
it).

® The descriptions, screen snapshots, and commands in this section were created using the Windows" version
of SoC EDS, but they can be run in a similar manner on a Linux host PC.

® The paths in this section assume you have used the default installation path. If a non-standard location is used,
adjust accordingly.

® Alicense is required to debug bare metal applications on an Arm® DS. The license is tied to the MAC Address.
Make sure the PC knows the network interface associated with the license.

.
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5-1. Download the FPGA Design

Before starting the software exercises, download the hardware design "3. Lab 1: Hardware Exercise" to the FPGA.

Refer to the section on "2 Board Setup" and verify that the board setup is complete again. If the setup is OK, connect
the AC adapter to the J14.

1. InQuartus’ Prime, click Tools menu => Programmer or Programmer icon 4% to start Programmer.

2. Click the [Hardware Setup] button in Programmer, select the DE-SoC from the currently selected hardware pull-down

list in the Hardware Setup window, and close the window.

- ~ 71 r) 7. I 3
# Programmer - G/lab/soc labfcv_soc_|shiatlas —aHar - Fatlac crifl

% Hardware Setu p

File Edit WView Processing Tools

Hardware Settings JTAG Settings

[a Hardware SE{up..] |No Hardware

Select a programming hardware setup to use when programming devices. This programming J
D Enable real-time ISP to allow backgrol hardware setup applies only to the current programmer window.

] Currently selected hardware: | Mo Hardware s
o File ne
P Start

Mo Hard
e
ui Stop

Available hardware items

&y Auto Detect Hardware Server Part Add Hardware...
— DE-SoC Local UsB-1
L Delete Remnove Hardware
Close

Figure 5-1. Hardware Setup

3. Click the [Auto Detect] button to detect the FPGA connected to the JTAG chain on the board.

4. Select 5CSEMA4 for the Atlas-SoC board or 5CSEBAG6 for the DE10 Nano board from the Select Device window, and

click [OK].
er - [Chi 1 »; Prime Prog lard Ed 1
Processing Tools Window Hely File Edit View Processing T |
2 Hardware Setup... | |DE-S0C [USB-1] Made: JTAG - £ Hardware Setup.. Mode: JTAG -

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

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

Y Select Device

Y Select Device
Wl Grart P Start
Found devices with shared JTAG ID for device 2. Please select your device. Found devices with shared JTAG ID for device 2. Please select your device.
i Stop #iStop
i () 5CSEBA4
, () 5CSEBAGES BAG6 fo e DE10 Nano board
X Delet »
seE () 5CSXFCACH 5CSEMA4 for the Atlas-SoC board ¥ Delete 0 SesEMAn
" Add File. ! " i F
= ' Add File. () 5CSTFDBDS
(L Change Fil O scsxFesce
l¥ Save File % save File (O) 5CSXFC6CEES
Add Devic e (O 5CSXFCED6
: : () 5CSXFCED6ES
1 up
"% DOWH

Figure 5-2. Device selection

Ver.20.1/Rev.4 April 2025 60/111 ALTIMA Company, Macnica, Inc.



® My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)
MACNICA

5. If the following dialog box appears, select [Yes].

._xJ

The auto-detected device chain does nat match the Programmer's device
Il\ list. Do you want to update the Programmer’s device list, overwriting any
existing settings?

Yes No

Figure 5-3. Dialog box

This displays SOCVHPS and 5CSMA4/5CSEBA6 on the JTAG Chain. SOCVHPS indicates that the HPS side has been
recognized, and 5CSMA4/5CSEBAG indicates that the FPGA side has been recognized.

6. Select the file to download.

Right-click 5CSEMA4/5CSEBAG in the Device field and click Change File. In the Select New Programming File dialog box,
browse to c:¥lab¥soc_lab¥cv_soc_lab¥output_files and select atlas.sof for an Atlas-SoC board or DE10 Nano.sof for a
DE10 Nano board.

Delete Del
2 Programmer - [Chain2.cdf]* Select All Ctri+A

File Edit View Processing Tools Windo' »  aAdd File..
"= Change File

B Save File

& Hardware Setup... |D£—SOC [USB-1]

[ ] Enable real-time ISP to allow background

Add IPS File...
5 File Device Sl i
St Delete IPS File
#Stop snones SOCVHPS Add EKP File...
7 <none> 2 k
§ Auto Dete Change EKP File... ]
Delete EKP File
¥ Delete . .
< Right-click Add PR Prnsramming File
N Select New Programming File K
Look in: . C:\lab\soc lab\cv soc lab\output files - 0 (5 ) 0 @ E}
™ My Computer D atlas.sof
2 11149

File name: [|atlas.sof | | Open

Files of type: éProg_ramming Files (*.sof *.pof *.jam *.jbc *.ekp *.jic) & Cancel

Figure 5-4. sof file selection
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7. Check Program/Configure and click the [Start] button to perform the configuration.
When the Progress par in the upper right reaches 100%, the operation image is written to the FPGA.

. Programmer - [Chain2.cdf]*

Eile Edit View Processing Tools Window Help Search altera.com [ ]

«» Hardware Setup... ‘DE—SOC [USB-1] Mode: JTAG - Progress: :

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

WSt 'I File Device Checksum Usercode  Program/ Verify Blank- Examine Security Erase ISP
) Configure Check Bit CLAMP
el Stop <nonex> SOCVHPS 00000000 <none>
i Auto Dete
* Delete |
- Add File. . [oeeameer
IChange Fil _’E k
- E: H ; :
Ei save File SOCVHPS SCSEMA4UZ3
) TDO
|Add Devic:
thup
1 Down

3 Programmer - [Chain2.cdf]*

Eile Edit View Processing Tools Window Help Search altera.com [ ]

& Hardware Setup... | (RS eS Rl Mode: JTAG - Progress: | 100% (Sue

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

7"“"Start File Device Checksum  Usercode  Program/ Verify Blank- Examine Security Erase ISP

L Configure Check Bit CLAMP
#hStop <none> SOCVHPS 00000000 <none>

= C:flabjsoc_lab/.. SCSEMA4U23 01A7283D 01A7283D v

i Auto Dete

Figure 5-5. Download sof
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5-2. Run the Hello World sample application

Now let's run the sample application on HPS. Start Arm® DS.

1. Start Arm® DS from the Embedded Command Shell included with the SoC EDS. Start the Embedded Command Shell by
double-clicking the Embedded_Command_Shell.bat startup script located in the Windows® Start menu or in the SoC
EDS installation folder.

. Intel FPGA 20.1.0.711

. Sol EDS Command Shell

. Sol EDS HWLIBs Arria 10 Docume...

t» SoCEDS HWUBs Cyclone V Amia V... l . .
- - embedded
B socEos Source Code
— v A « intelFPGA » 20.1 » embedded »
' Intel FPGA 20.1.1.720 Standard E... ~ A
v intelFPGA A 30
= Design Space Explorer |l (Quartus..,
18.1

cygwin_setup
: Dewice Installer (Quartus Prime 20.1)

™ 20.1 drivers
EDA Simulation Library Compile (Q... devdata exam P! es
Double-click
LB nios Il Command Shell (Quartus Pr... v embedded host_tools
. Nios Il Documentation (Quartus Pri... cygwin_setup — 2
- dr |-~ Embedded_Command_Shell.bat
i i rnvers
Nios Il Software Build Tools for Ecli...
@‘ = | embedded_command_shell.sh
KA —
‘.‘h‘ Programmer (Quartus Prime 20.1) ot p[es 2] env.sh
host_tools o ]
" Quartus (Quartus Prime 20.1) B EJ version.ixt
p v <

Figure 5-6. Starting the Embedded Command Shell

2. Run the following command in the Embedded Command Shell to start Arm® DS.

$ exec /cygdrive/c/Program¥ Files/Arm/Development¥ Studio¥ 2020.1/bin/cmdsuite.exe Q
> bash Q
$ armds_ide & Q

arm
DEVELOPMENT STUDIO

Figure 5-7. Arm” DS Launch and Launch Screen
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3. Set up a workspace folder for working with Arm® DS.

In this exercise, you create a workspace in the "3. Lab 1: Hardware Exercise" working folder.

Specify the following path and click [Launch] (if the folder does not exist, it will be created automatically):

C:¥lab¥soc_lab¥cv_soc_lab¥workspace

n Arm Development Studio IDE Launcher

Select a directory as workspace

Arm Development Studio IDE uses the workspace directory to store its preferences and development artifacts.

Workspace: || C¥lab¥soc_lab¥cv_soc_lab¥workspace w | Browse... |

¥ Recent Workspaces

» Copy Settings

(‘?:I Ca = El

Figure 5-8 Creating a Workspace

4. If the Preferences Wizard appears, confirm the contents and click [Apply & Close]. If the Arm® DS Welcome screen

appears, click Close (X) to close it.

B Preferences Wizard

= =, G ; File Edit Navigate Search Project Run Window Help
your P I ¥

AT -5 g L cith - Q m|E

Review and adjust IDE preferences

8 Fa-PUTILE: =

I s
Arm Development Studio IDE has many settings, called Preferences, that are available for you to 6]
adjust and change. Use these Preferences to adapt the IDE to best support your own personal
development style, =

This wizard presents the most commonly changed Preferences to customize foryour
R Welcome to Arm® Development Studio for Intel® SoC FPGA

If you upgraded from a previous version of Arm Development Studio and had your workspace

preferences already set up, do not worry, we have kept things as they were, Arm Development Studio for Intel SoC FPGA combines the most advanced JTAG-based multi-core

debugger for Arm architecture with FPGA-adaptive debugging to provide embedded software developer
with full-chip visibility and control for Intel SoC FPGA devices.

¥oeqpas4

Impartant Information for the Arm website. This site uses cookies to store information on your computer. By continuing to use our site, you consent to our cookies
I you are not happy with the use of these cookies, please review our Coskie Palicy to learn how they can be disabled. By disabling cookies, some features of the site

will not wark.

p— ; Accept and hide this message X
< Back Next > Apply & Close Skip

Figure 5-9. Preference Wizard and Welcome Screen

@ Info:

When displaying the Welcome screen (tutorial and video) online in Arm® DS (2020.1), it has been confirmed that
window operations become unresponsive. Do not force the operation until the online display is complete. After
closing the Welcome screen, you will be able to operate smoothly.

If you start Arm® DS offline, the offline Welcome screen will be used to avoid this problem.
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Next, import the Hello World sample application.

The Hello World sample application is included in the SoC EDS as a Software Example.

5. From the Arm® DS menu, select File => Import.

B w orkspace - Arm Development Studio IDE
File § Edit Mavigate Search Project Run  Window F
New Alt+Shift+N >

Open File...
) Open Projects from File System...

Recent Files ¥
Close Ctrl+W
Close All Ctrl+Shift+W
Save Cirl+S
Save As..
Save Al| Cirl+Shift+5
Revert
Move...
Rename:,.

& Refresh

Convert Line Delimiters To ]

Print..

[@ Impart.., | Import ' l
iy Export..

Figure 5-10. Import menu

6. Select "Existing Projects into Workspaces" and click [Next].

B import O X
Create new projects from an archive file or directony. [@

Select an import wizard:

yvpe filter text ] |

v [= General
Archive File

(¥ Existing Projects into Workspace]

=y File System

[T Preferences

(=} Projects from Felder or Archive

» (== ARM Development Studio

y B O/C+ ¥

S

< Back Finish Cancel

Figure 5-11. Import an existing project
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7. Select archive file: option and use the [Browse] button to locate the sample project.

The sample project is included with SoC EDS and can be found by default in the following installation folder:
C:¥intelFPGA¥20. 1¥embedded¥examples¥software¥Altera-SoCFPGA-HelloWorld-Baremetal-GNU.tar.gz

(Importing <SoC EDS installation directory >¥examples¥software¥Altera-SoCFPGA-HelloWorld-Baremetal-GNU.tar.gz).

Once selected, click the [Finish] button.

n Import O %

Import Projects

Select a directory to search for existing Eclipse projects.

(") Select roct directory:

E'| ect archive file: C¥intelFPGAY20. 1¥embedded¥examples¥software¥Altera- S5oCFPGA-HelloWorld-Baremetal-GN U tar.gz

Projects:
Itera—SGCFF'GA—HeIIDWDrId—BaremetaI—GNU (Altera-SoCFPGA-HelloWorld-Baremetal-GNLUY) Select All
| Deselect All
Refresh
Options
Search for nested projects
Copy projectsinto workspace
[[]Clgse newly imported projects upon completion
[[1Hide projects that already exist in the workspace
Working sets
[ Add project to working sets New...
Warking sets! Select.,

Figure 5-12. Selecting the Hello World sample application

After you complete this task, the Project Explorer on the left side of the Arm® DS window displays the various files

contained in the project.

.
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Next, compile the Hello World sample application.

8. Select and highlight the project from the Project Explorer tab.

9. From the Arm°® DS menu, choose Project => Build Project. Alternatively, select the project in the Project Explorer and

right-click => Build Project.

n Developmant Studio Warkspace - Amm Development Studio 1DE
File Edit Navigate Search Project Run Window Help

T o S 8F N & vl L T .| "
% Project Explorer & ERYS f==D
~ i Altera-SoCFPGA-HelloWorld-Baremetal-GNU]
S T New N
wl hello.c Go Intoy
it hello.o - farmyle) Open ' T
Altera-SoCFPGA-HelloWorld-Baremetal-C
Show In Al Shift+4 >
amall-oorid
Show in Local Terminal >
cvav-ocrld
& Makefile & Copy
readme txt @ Paste
4 sernihost_amal0_setup.ds R Delete
| semihost cvav_setup.ds Move.. |
Rename... i
i Impor.
e Export.
s )
Clean Pregect |

. 4

n Development Studio Workspace - Arm Development Studic IDE

File Edit Navigate Search Project Run Window Help

Y 90 Y% ] & LR B v |re a ml=a
& Project Explorer 1 |4 ARUTR =<0 PiE PR & E =R M =
~ 15 Altera-50CFPGA-HelloWorld-Baremetal-GRU =
& Hinanes Vanable information is not available.
A Includes
1] hello.g

st hello.o - farmyle]
Alhtera-5oCFPGA-HelloWorld-Baremetal-Debug launch
arrall-corld

o ovav-orrld
helloaxtmap
hello.axf.objdump

& Makefile
readme.txt

1 semihost_arma 10 setup.ds
semihost_cvav_setup.ds

2 Debug Control = + “ 0 10 Consol

- R O e o - N B

a [ mands W Varsbies 5 Registers 311 Dissssembiy B Target Corsale B App Camsole + =5

&l |2 B>

CDT Build Corsole [Alera-50CFPGA-HelloWorld-Baremetal-GHU]

18:26:41 **** Build of confipuration Default for project Altera-SolFPGA-HelloWorld-Baremetal-GHU ** A
make all

™. Connect with an existing Config.. arm-gabi-goc -wfloat-abi=softfp -mtune=cortex-a® -mcpus=cortex-a® -g -08 -Werror -Wall -Wstrict-pr
arm-eabi-g++ -Tevav-ocr.ld -mfloat-abi=-coftfp -mtune=cortex-a9 -mcpu=cortex-a% hello.o -0 hello.a
arm-eabi-objdump -d hello.axf » hello.axf.objdump

arm-eabi-nm hello.axf > hello.axf.map

There are no debug connections. To add a debug connection:
& Create a debug comection.,

18:26:49 Build Finished. @ errors, @ warnings. (tock 8s.655ms)
L3 >

I Altera-SoCFPGA-HelloWorld-Baremetal -GNU

Figure 5-13. Building the Hello World project

The project is compiled, and the Project Explorer contains a file named hello.axf, as shown in the figure above. The

executable binary on Arm® DS is output.

The Console window shows the command executed to generate the executable binary.

.
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Finally, run the Hello World sample application (hello.axf) generated earlier.

10. Choose Run menu => Debug Configuration (B).

- Development Studio Workspace - Arm Development Stucio IDE

i O i i b.k - SEl Nex Meme: Cof+Alt+R

| i Project Explorer 52 4 = Debug History ¥

[ v &5 Altera-SoCFPGA-HelloWarid-Bare, Debug As :
W Binaries Debug Configurations. |
& Includes Toggle B W Crrl+Shift+B
& hello.c i

% hello.anf - [arm,Te]

e helloo - {arm/le]
Altera-SoCFPGA-HelloWorld-B
amall-oorid
ovav-ocrid
hello axl.map

& hello.axf objdump

& Makefile

L >
readme.txt Qs External Tools

Figure 5-14. Selecting the Debug Configuration

11. From the left panel of the Debug Configurations window, select

Generic ARM C/C++ Applications => Altera-SoCFPGA-HelloWorld-Baremetal-Debug (If you do not see it, click (>) next

to Generic ARM C/C++ Application).
The target connection uses the Intel ° FPGA Download Cable (USB-Blaster™).
Intel SoC FPGA => Cyclone V SoC (Dual Core) => Bare Metal Debug => Debug Cortex-A9_0.

12.

connection.

n Debug Configurations

Create, manage, and run configurations

@ Configuration for connection type 'Bare Metal Debug' is not valid - Connection cannot be empty.

FomR BT~

Name: .Auera-SDCFPGA-Hellomnd-Bafemetal-Dehug

My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)

Press the [Browse] button to the right of the connection section to bring up the selection screen for the USB-Blaster™

| type filter text

o CMSIS C/C++ Application

| Ill - Cannection I-g'. Files| % Debugger % OS5 Awareness| ¢ Arguments 8 Environment | e Export|

Select target A
Select the manufacturer, board, project type and debug operation 1o use.

A Jython run
& Launch Group
¥ Launch Group (Deprecated)

Filter matched 7 of 20 items

w gF Genenc Arm C/C++ Application
4 Altera-SoCFPGA-HelloWorld-Baremetal-Debug
0 Java Application

Currently selected: Intel SoC FPGA / Cyclone V SoC (Dual Core) / Bare Metal Debug / Debug Cortex-A9 0
| Filter platforms
v Intel SoC FPGA

Agilex SoC
Arna 10 SoC

» Armia V SoC

~ Cyclone V SoC {Dual Core}
v Bare Metal Debug
Debug Cortex-A9_ 0
€DUg CoMex-Ad_
Debug Cortex-A9x2 SMP

Target Connection§ USB-Blaster ~

Arm Debugger will connect to an Altera USB-Blaster to debug a bare metal application.

Connections

Bare Metal Debug Cnnnec‘uon[ | Browse.. I

DT5L Options | Edit... Configure USB-Blaster trace or other target options. Using "default™ configuration optic

Revert

Apply

Debug Close

Ver.20.1/Rev.4 April 2025

Figure 5-15. Debug configuration (connection tab)
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13. In the connection browser window, highlight the desired USB-Blaster™ (in this example, DE-SoC on localhost) and click

st

Connection Browser
Select a target connection

USE-1

on localhost [USB-1]

Figure 5-16. Select debug cable

14. Modify semihost_setup.ds specified in the target initialization debugger script (.ds/.py) in the Debugger tab. Select

semihost_cvav_setup.ds included in the project from the [Workspace] button and click [OK].

n Detiiig Conlagisatbon
| Create, manage, and run configurations ﬁ\
|2 Senps fe $iwaropade, foc/ Al SoCFPGA- Hellowrd-Baremetal -G semihost_setup.oi carnot be foued ] |

(EEAREIDV Mome: | Altera-SoCFPGA-HelloWorld-Baremetal-Debug
|
|| [yme Fares sext o Conmeenion je fif @ 05 Awarensss ¥ Argumsents’ B8 Ervironment| o Export

o CMSIS €0 + Application A

~ ¥ Genenc Arm O+ Applicaben o B ~
4 AHera-SoCFRGA-HelloWorld-Baremetal-Debug 5 X = e~

| TR ) Connect oy () Debug fiom entry point @ Debug from symbol | main

& python [ R target initalization debugger script (s /oy

. Launch Group Stworkspade boc/ il veny - SOCFPCA-Helh) W d- Banemetal-GRUY semi host_seiup.oi)

P Launch Groug: [Degeicaied) L] R detisg imtiahization debogger script (s | py)

Select & file
= i Alrera-SoCFPGA- HelloWorls-Baremetas-GhNU

Aoprajedd
praogect
e settings
Altera-SolFPGA-HelloWorkd- Baremetal-Debug launch
o Maksfide Hle T
wmia] B-ocrld
evav-ocrid
i helloaxf Reverl Appty
hello.axtmap
Peello.axlobydump Diitsisg
il helloc

wulagaoe

; Fitter matched T of 20 ems
)] Close:

| |
| m helloo
e 1xt

Figure 5-17. Debug configuration (Debugger tab)

15. Click the Debug button in the lower right corner of the [Debug] configuration window.

E Debug Cenfigurations

Revert Apply ‘

Filter matched 7 of 20 items

®

Figure 5-18. Running debugging
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16. If prompted for a perspective switch, click [Yes] to accept it.

B Confirm Perspective Switch b4

@ This launch is associated with the Development Studio perspective.

Do you want to open this perspective now?

[[]Remember my decision

Figure 5-19. Check the perspective switch

If you receive a Windows Defender Firewall warning, click [Allow access].

& Windows Security Alert x|

@ Windows Defender Firewall has blocked some features of this

app
Windows Defender Firewall has blocked some features of s - B on al
public and private networks.
MHame:
Publisher:
Path: -
Allow % W to communicate on these networks:

[ Private networks, such as my home or work netwark

[[]Public netwarks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

‘What are the risks of allowing an app through a firewall?

Comar ] |

Figure 5-20. Security warning

@ Info:

If you receive a download error, check the following:

(1) Make sure that the network interface (for example, USB-Ethernet Interface Adapter) to which the Arm® DS is

licensed is enabled.

(2) Make sure that the evaluation board is powered off and that the PC is rebooted. If the evaluation board is

powered off, remember to download the FPGA data again.

The debugger will follow the instructions in the startup script to enable the semi-hosting feature and then download
the application to the board via JTAG. When the program counter reaches the main function, it breaks and you are
ready to start debugging. At this point, you can use all the debugging features of Arm” DS (View and edit registers and

variables, reference disassembly code, etc.).

.
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17. The green Continue button IEI Click (or press F8) to run the application. This will display a Hello Tim message in
the App Console.

n Development Studio Workspace - Altera-SoCFPGA-HelloWorid-Baremetal-GNU/hello.c - Arm Development Studio IDE

File Edit Source Refactor Mavigate Search Project Run Window Help

A A8 i i AR R il Q im
ity Project Explorer 22 + B9 TRd =8 [Ehelloc® & swih =0 Fomey mR4+ B T 0O
v 15 Altera-SoCFPGA-HelloWorld-Baremetal-GNU 16 /* S L e e =
7 Binaries 2 (op_\fr":tght Altera 2013,2014 o sidioh
&l Includes = ? Mi R’-f»hﬁ Ref"e"“"'fd ® _ auto_semihosting : int
& hellog ] b o main(int, char*") :int
4 hello.axf - [army/le] \, ®/
it hello.o - [arm/le] 7
11 Altera-SoCFPGA-HelloWorld-Baremetal-Debuglaunch 8 #include <stdio.h>
i amal0-ocrld 3
& evav-ocrld 1@ ,’ enable s-:»n-i.l‘\o-_'-tiu‘*.g with gcec by defining an __auto_semihosting
B hellgaxfimap }]. int _ auto_semihosting;
2
2 heuo'a_xmmdump F13=int [N (int argc, char** argy) {
& Makefile 14 printf{"Hello Tim\n");
readme.txt ’.1 return 8;
semihost_arrial0_setup.ds Wis }
[# semihost_cvav setup.ds 17
< >
# Debug Control 22 + = O  BConsole M Commands ®-\Variables 5 Registers 1l sssembly M Target Console W App Console 82 + =40
'[: e 6 e =
+ T Altera-SoCFPGA-HelloWorld-Baremetal-Debug application Hello Tim

# Cortex-A9_ 0 #1 application exit (SVC)

Status: application exit: code 0

Figure 5-21. Displaying Hello Tim

18. Disconnect button to disconnect from the CPU.

19. If you are changing the perspective in the upper right corner of the screen, click ' & ||m 3F toreturn to the

main screen.

@ Info:

You can use the perspective menu in the upper right corner of the Arm® DS window to store several different

screen layouts. You can switch between perspectives depending on what you are doing.

7 button to open a new perspective. The perspectives are listed in icon form in the upper right corner and can

be switched by clicking the icon. You can also reset the selected perspective by right-clicking it.

Q | @R
Customize...
Save As..,
Reset

Close

Show Text
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5-3. Running the LED Blink Sample Application

Import the pre-installed LED Blink sample application, similar to the Hello World sample application, into Arm® DS.

1. From the Arm® DS menu, select File => Import.

[+ orkspace - Arm Development Studio IDE

m Edit Mavigate Search Project Run Window F
New Alt+Shift+N >
Open File...

(Z1 Open Projects from File System...

Recent Files >
Close Ctrl+W
Close All Ctrl+Shift+\W
Save Cirl+S
Save As..
Save All Cirt+Shift+5
Revert
Move...
Rename:.,

& Refresh

Convert Line Delimiters To ¥

Print...

l@ Import... [ Import § | |
iy Export.

Figure 5-22. Import menu

2. General =>"Existing Projects into Workspaces" Select and click [Next].

B import O X
Create new projects from an archive file or directony I E 4 5 1

Selectan import wizard:

/pe filter text X |

w (= General
Archive File
|- Existing Projects into Workspace]
=3 File System
[T} Preferences
() Projects from Folder or Archive
> (= ARM Development Studio
y = OIC++ w

@ < Back Einish Cancel

Figure 5-23. Import an existing project
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3. Select the Select archive file: option and use the [Browse] button to locate the sample project.

C:¥lab¥soc_lab¥cv_soc_lab¥software_example¥Atlas-Blinking-LED-Baremetal-GNU.tar.gz

® Info:

Note that this is under the exercise data directory, not the tool installation directory.

After making your selections, press the [Finish] button.

Import Projects o
Select a directory to search for existing Eclipse projects. f 4
() Select root directory:
@SEI ect archive file: C:¥lab¥soc_lab¥ov_soc_lab¥software_example¥Atlas-Blinking-LED-Baremetal-GNU.targz
Projects:
Atlas-Blinking-LED-Baremetal -GNU (Atlas-Blinking-LED-Baremetal-GNU/) . Select All
[ Desalect Al
Refresh
Optians
Search for nested projects
Copy projects into workspace
[]Close newly imported projects upon completion
[[]Hide projects that already exist in the workspace
Working sets
] Add project to working sets . Nerﬂ.
Waorking sets: Sele
@ i Com ) [ one

Figure 5-24. Selecting the LED Blink sample application

After completing this task, the Project Explorer on the left side of the Arm® DS window displays the various files

contained in the project.

.
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Next, compile the LED Blink sample application.
4. From the Project Explorer tab, select and highlight the Atlas-Blinking-LED-Baremetal-GNU project.

5. From the Arm® DS menu, select Project => Build Project. Alternatively, select the project in the Project Explorer and
right-click => Build Project.

File Edit Mavigate Search Project Run  Window Help
i RiE D S i e
4

I Project Bxplorer i3 | == = ﬁ, Th ﬁ ==
I o le{: Atlas-EIinkinE-LED-Earen‘letaI-GNU I
» ﬁ? Binaries New 7
5 [m¥l Includes Go Into
> |8 atlas_main.c :
8] New Wind
[H Makefilenc P fn e B
5 35 u-boot-spl.axf - [army/le] ity
Atlas-Blinking-LED-Baremetal-Debug.launch fup Import..
& debug-hosted.ds  Euport
I xport...
| & Makefile =1 =po
[ Build Project Incremental Build of Selected Projects ﬂ
Clean Project T

B workspace - Arm Development Studio IDE

File Edit MNavigate Search Project Run Window Help

L EEIER 2 e T R R Rl & oD
) Project Explorer =} = Outline Be L~ =

Project Explorer £2 = = mER =0 SEOutline 53 + B8

B &_5‘: T ds d = =

v I Atlas-Blinking-LED-Baremetal-GNU/ There is ne active editor that provides an

> ﬁ' Binaries outline,

@ Includes
¥ = hwib

. = objs GNLLCYCLONEV
> [ atlas_main.c

F u-boot-splaxf - [arm/le]

atlas_main.axf.objdump
Atlas-Blinking-LED-Baremetal-Debug.launch
debug-hosted.ds

hwlib.stamp B Console 37 | I Commands
L& Makefile

448l B
COT Build Console [Atlas-Blinking-LED-Baremetal-GNL]

= % 17:84:55 **** Build of configuration Default for project Atlas-Blinking-LED-Baremetal-GNU **** ~
make all
4 Debug Control 2+ = [/ make[1]: Entering directory 'C:/lab/soc_lab/cv_soc_lab/workspace/Atlas-Blinking-LED-Baremetal-GNU"
. cp C:/intelFPGA/20.1/embedded/ip/altera/hps/altera_hps/hwlib . -rnL

L p 0 3 touch hwlib.stamp

P mikdir objs_GNU_CYCLONEV

il make[1]: Leaving directory 'C:/lab/soc_lab/cv_soc lab/workspace/Atlas-Blinking-LED-Baremetal-GNU'
There are no debug connections. To add a debug make[1]: Entering directory 'C:/lab/soc_lab/cv_soc_lah/workspace/Atlas-Blinking-LED-Baremetal-GNU"

connection: arm-eabi-gce -g -08 -Wall -mcpu=cortex-a9 -mfleat-abi=softfp -mfpu=neon -Ilib -Ihwlib/include -Ihwlib/include/soc_
,@j_’ Create a debua connection... arm-eabi-gcc -g -08 -Wall -mcpu=cortex-a9 -mfloat-abi=softfp -mfpu=neon -Ilib -Thwlib/include -Ihwlib/include/soc_
arm-eabi-g++ -Thwlib/src/linkerscripts/cvav-ddr.ld -mcpu=cortex-ad9 -mfloat-abi=softfp -mfpu=neon -Wl,--gc-section:
arm-eabi-objdump -05 atlas_main.axf > atlas_main.axf.ohjdump

make[1]: Leaving directory 'C:/lab/soc_lab/cv_soc_lab/workspace/Atlas-Blinking-LED-Baremetal-GNU'

"“’ Connectwith an existing Config.,

17:85:82 Build Finished. & errors, 8 warnings. (took 7s.787ms)

Figure 5-25. Building the LED Blink Sample Application
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Finally, run the LED Blink sample application.

6. Choose Run menu => Debug Configuration (B). The sample project comes with pre-configuration to run on an Atlas-
SoC board.

7. From the left panel of the Debug Configurations window, select
Generic ARM C/C++ Application => Atlas-Blinking-LED-Baremetal-Debug (If you do not see it, click (>) next to Generic
ARM C/C++ Application).

The target connection is already configured using USB-Blaster™.
Intel SoC FPGA => Cyclone V SoC (Dual Core) => Bare Metal Debug => Debug Cortex-A9_0.

n Debug Configurations

Create, ge, and run configurati ’5\'

LD X B8V~ Name: | Atlas-Blinking-LED-Bai I-Debug
{type filter text | I-=-C0nnecn'on I‘..'.. Files £ Debugger & OS5 A - Arg B Emvironment | w3 Export

o CMSIS C/C++ Application Select target

~ 4 Genenc Arm C/C++ Application ) _
Select the manufacturer, board, project type and debug operation to use.

_h"i‘:ﬁ'—l ARG s e Currently selected: Intel SoC FPGA / Cyclone V SoC (Dual Core) / Bare Metal Debug / Debug Cortex-A9.0
L Java Applicabion

& Jython run [Fitter pratforms
8§ Lauich Gioup » Intel SoC FPGA ~
Agilex TM
Agilex T Sol
Agilexs
Arria 10 SoC
Arria V SoC
~ Cyclone V 50C (Dual Core)
~ Bare Metal Debug
Debug Cortex-A9.0

—— T T ¥
Target Connection

Debug Port: JTAG

Clack Speed: :.20|.<H2 e

Arm Debugger will connect to an Intel FPGA Download Cable to debug a bare metal application.

Connections
Bare Metal Debug  Connection | DE-SaC on localhast [USB-1]:DE-50C USB-1 Browse...
DTSL Options Edit... Configure Intel FRGA Download Cable trace or other target options. Using “default” configuration options
Filter matched 6 of 23 items Fevert Apply
@ Debug Close

Figure 5-26. Debug configuration of the LED Blink sample application

8. If the following confirmation popup appears, select [Yes].

File VAtas-Binking-LED-Baremetsl-GM U Atla=-Blinking-LED-Baremetal-Debug. launch’ =
read-onhy. Do you wish to make it writsbis?

|

Figure 5-27. Confirmation popup
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9. Press the [Browse] button to the right of the connection section and select the USB-Blaster™ connection.

10.
Select. Click [Select].

B Cconnection Browser

Connection Browser
Select a target connection

locathost [US8-1]

Select

Cancel

Figure 5-28. Selecting a Debug Cable

11. Click the [Debug] button in the lower right corner of the Debug Configurations window.

n Debug Configurations

Create, and run

e Xi=evT~-
|type filter text
W CMSIS C/C++ Application
~ dF Generc Arm CfC+ + Application
¥ Atins-Blinking-LED- Baremetal- Debug
[T Java Application
& Jython un
2 Launch Group

Filter matched & of 23 items

@

Name: | Atlas-Blinking-LED-Baremetal-Debug
<= Connection, & Files| 4 Debugger G 0S5 Awareness: ) Arguments ' B8 Environment | 3 Export

Select target
Select the manufacturer, board, project type and debug operation to use.

Currently selected: Intel SoC FPGA / Cyclone V SoC (Dual Core) / Bare Metal Debug f Debug Cortex-A% 0

.rilti‘l' =.‘.fr ™S

~ Intel SoC FRGA
Agilex TM
Agilex T Sol
Agilexs
Arria 10 SeC
Arria V SaC
v Cyclone V 50C (Dual Core)
~ Bare Metal Debug
Debug Cortex-A9.0
Debug Cortex-A9_1

Target Connection: | LISB-Blaster o
Debug Port: ITAG
Clock Speed: FZDkHz_ i

Arm Debugger will connect to an Intel FPGA Download Cable to debug a bare metal application.

Connections

Bare Metal Debug  Connection | DE-50€ on localhost [USB-11:DE-SaC USB-1

DTSL Options Edit..

il Blowse‘..l

Configure Intel FPGA Download Cable trace or other target options. Using “default” configuration options

Revert Apply

Ver.20.1/Rev.4 April 2025

Figure 5-29. Debugging the LED Blink sample application
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If prompted to confirm the perspective switch, click [Yes] to accept it.

H Canfirm Perspective Switch

@ This launch is associated with the Development Studio perspective.

Do you want to open this perspective now?

[C]Remember my decision

Yes ] No

Figure 5-30. Checking the perspective switch

If you receive a Windows Defender Firewall warning, click [Allow access].

| & Windows Security Alert x|

@ Windows Defender Firewall has blocked some features of this

app
| Windows Defender Firewall has blocked some features of e @ e on al
public and private networks.
Mame:
Publisher:
Path > ws T - -
Allow - % W to communicate on these networks:

[ Private networks, such as my home or work network

[[JPublic networks, such as those in airports and coffee shops (not recommended
because these networks often have litle or no security)

‘Whiat are the risks of allowing an app through a firewall?

Figure 5-31. Security warning

@ Info:

If you receive a download error, check the following:

(1) Make sure that the network interface (for example, USB-Ethernet Interface Adapter) to which the Arm® DS is

licensed is enabled.

(2) Check if turning the evaluation board off and restarting the PC will not recover. If you turn off the evaluation

board, remember to download the FPGA data again.

.
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13. Set a breakpoint.

Set a breakpoint on line 26 of atlas_main.c. You can set it by double-clicking the space to the left of the line number

display.

n workspace - Atlas-Blinking-LED-Barernetal-GNU/atlas_main.c - Arm Development Studio IDE

Eile Edit Source Refsctor Mavgate Search Project Run  Window Help

i v, IR UG SR - TR AR g | Q im|lde
It Project Explorer 53 4 L (€] atlas_main.c = B = Outline X % Breakpoints + = 0
=l T % { = 2% * Cop altera 2013 - =y w W o %=
© o -
v i ﬁ;tlus-B.Irang—l.ED—Bor:metal-GNU 8. Sinclide estdia by o stdioh
i, Binanes 3 #include "socal.h” W zocalh
il Includes 18 ® _auto_semihasting : in
o_semihosting sy # LED_BASE_ADDR

= hwlibs L= g
& obje GMU_CYCLONEV s

[g] atlas main.c 4
{5 Makefileinc 15 ®define LED_BASE ADDR (@xFF210848)
s atlas_main.axf - [arm/le] 16
%5 u-boot-splaxf - [ammyle]
o atlas_main.axf.objdump

12w o o main{int, char™): int
3 int _ auto_semihosting;

int main{int argc, char*™ argv)

|| Atlas-Blinking-LED-Baremetal-Debug.launch 1 e
debug-hosted.ds 21 printf("Hello from Atlas. \n"); -
hwlib.stamp 22
& Makefile 2 while(1)
{
2 for(i=0; i < 16; I++){
826 alt_write_word(LED_BASE_ADDR,1);
print$("LED [%x] \n",1i); w
< >
# Debug Control x4+ ==y B Console M Commands ¥ 0= \Variables & Registers 1) 2:Disassembly Ml 3:Target Conscle M App Console + il o |
Bi-po2>ed A BREEEE - =
= E=7: ox@12056E0 - ewdal3030C -
v & Atlas-Blinking-LED-Baremetal-Debug connacted SVC E=F TL—0AA0 k2 TRITEL: S:exee117300 TRITAELLELE
atlas_main.c A
8 Cortex-A9 0 #1 stopped on breakpoint [SVC) siaxeb11F3%0 18,0 {
HEENRT AT -DR sk 2
break -p “C:flabfsoc_lab/cv_soc_lab/workspace/Atlas-Blinking-LED-Baremetal-GNU/atlas_main.c":26
S:exd@11F38C OF IRt 3
74 )b atlas_main.c. iT 26
v
Status: connected command] | Submit

Writable Smart Insert 2i1:4

Figure 5-32. Setting breakpoints

14. green Continue button | B+ | to run the application (or press F8). This displays a Hello from Atlas message in the App

Console. A message is displayed.

15. Click the green Continue button | = | twice again (or press F8) to run the application. This displays an LED [0]
message in the application console and you can see that the user LED (LED [3: 0]) on the Atlas-SoC board changes

state.

16. Furthermore, confirm that the LED state changes each time you click the Continue button.

17. Disconnect button | %, | to disconnect from the CPU.

This completes Lab 3. Thank you!

There are optional exercises from the next page. If you have time, try them too.

.
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5-4. Initialize with Preloader created in Lab 2 (optional exercise)

In Lab 3, you initialized HPS using the preloaded Preloader.

Now you will initialize HPS with the Preloader created in "4. Lab 2 - Software Exercise (1) Generate Preloader".

1. Verify that the Preloader image was created in Lab 2.
The Preloader should be created under the
C:¥lab¥soc_lab¥cv_soc_lab¥software¥spl bsp¥uboot-socfpga¥spl
directory and named u-boot-spl. Verify that this file has been generated. Also, make sure that a device tree “u-boot-

spl.dtb” has been created in the same directory as the Preloader itself.

If not, repeat Lab 2.

fab ~ Mame odified Dete Type Size
s arch 1 Fifefoider
ov_sac_lab board HO20/01 116 180 Filetoider
gsys_edit commaon 2020/01516 16801 Filefoider
db driviers 202001116 18:0 Filefoider
hps_isw_handol lis J Fiiefolde
incremental_db spl Ul T B Filefoider
ip depend 2020/01/16 18:0 DEPENE file KB
output flles gitgnore 2018,/007 14 00:2,; GETIGMCORE Tile
Makaflle 080914 O0ge File b KE
gt i u-bootist 2020/01/16 18:02 ST file 0 KB
saltware u-boat-spl 2020001 /16 180 File
spl bsp u-boot-splbin A020/01716 18:0 BIM file 16 KB
generated u-boot-spllds S020,/01/16 180 LDs file 1 KB
uboot-socip u-boot-splmap 2020001716 18:02 MAP file

Figure 5-33. Checking the U-boot-spl File

@ Info:

The u-boot-spl file you just checked is an Arm® Executable and Linkable Format (ELF) file.

It is read by the Arm” DS initialization script and executed before running the user application.

For details, please refer to the chapter "How to support custom boards" in the reference article below.

(The reference article is for DS-5", but the concept is similar for Arm° DS.)

D Reference: Getting Started with SoC — Bare Metal Application Debugging with DS-5 (in Japanese)

.
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2. Rename the “u-boot-spl.axf” file used in Lab 3.

C:¥lab¥soc_lab¥cv_soc_lab¥workspace¥Atlas-Blinking-LED-Baremetal-GNU contains the file “u-boot-spl.axf”.

3. Copy the files “u-boot-spl.dtb” and "u-boot-spl" created in Lab 2.

Copy the files “u-boot-spl.dtb” and "u-boot-spl" under the directory
C:¥lab¥soc_lab¥cv_soc_lab¥software¥spl bsp¥uboot-socfpga¥spl

to the directory
C:¥lab¥soc_lab¥cv_soc_lab¥workspace¥Atlas-Blinking-LED-Baremetal-GNU.

4. Rename the copied “u-boot-spl.axf” file.

You have now modified the Preloader you will use when debugging.

Let's see if it works.

5. Run the LED Blink sample application again.

Run it from “ 6 Choose Run menu => Debug Configuration (B). The sample project comes with pre-configuration

to run on an Atlas-SoC board..” on page 75.

If the LED Blink sample application runs as before, the Preloader created in Lab 2 is working correctly.

.
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5-5. Address resolution using system header files (optional exercise)
The LED Blink sample application in Lab 3 addressed the LED PIO directly in the source code.

el atlas_main.c &3 =

2® * Copyright Altera 2813[]

#include <stdio.h>
#include "socal.h”

11= /* enable semihosting with

12 will be -:-.,u=4-

int  auto semihosting;

19 int ij;

Figure 5-34. How to address so far

Let's use the SoC EDS system header file generation command (sopc-create-header-files) to generate and use the

system header file.

1. Startthe Embedded Command Shell if it is not already running.

2. Navigate to C:¥lab¥soc_lab¥cv_soc_lab.

$ cd “C:¥lab¥soc_lab¥cv_soc_lab”

W /cygdrive/c/lab/soc_lab/cv_soc_lab

Figure 5-35. Moving directories
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3. Inthe Embedded Command Shell, run the system header file generation command (sopc-create-header-files).

$ sopc-create-header-files soc_system.sopcinfo

(i ] [cygdrive/c/lab/soc_labfcv_soc_lab

Figure 5-36. Executing system header file generation command (error)

IZ\ Note:

If your operating system is Windows’ 10, the error shown above may occur. If the error occurs, take the corrective
action described in the following reference site, and then re-execute sopc-create-header-files.

[£) Reference:
Macnica Altera FPGA Insights "Workaround for sopc-create-header-files execution error in SoC EDS environment"

N 3R/ cygdrive/c/lab/soc_labfcv_soc_lab

Figure 5-37. Executing the system header file generation command (success)

Verify that 5 files have been generated.

soc_system.h . Define module information for all masters in Platform Designer

hps_0.h . Define module information connected to each bridge (H2F, LWH2F) in HPS
hps_0_bridges.h : Define module information connected to each bridge (F2H, H2F, LWH2F) in HPS
hps_0_arm_a9 0.h: Define module information for hps_0_arm_a9_0. Offsets for each bridge are added.

hps_0_arm_a9 1.h: Define module information for hps_0_arm_a9_1. Offsets for each bridge are added.

We will use hps_0_arm_a9_0.h.

.
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4. Copy the system header file to the LED Blink sample application project.

File name : hps_@_arm_a9 0.h
From: C:¥lab¥soc_lab¥cv_soc_lab
To:C:¥lab¥soc_lab¥cv_soc_lab¥workspace¥Atlas-Blinking-LED-Baremetal-GNU

5. Modify the LED Blink sample application source code atlas_main.c.
Select Yes if you see a "Do you want to make it writable?" pop-up when you make the change.

Description added:

#include “hps_© arm a9 0.h”
Description changed:

< before change > #define LED_BASE_ADDR (©xFF210040)
< after change> #define LED_BASE_ADDR LED_PIO BASE

In the following figure, the previous LED_BASE_ADDR description has been commented out for ease of comparison.
For reference, the corresponding parts of "hps _0_arm_a9 0.h" are also shown.

] atlas mainc £3 = ¢l *atlas_main.c  [# hps_0_arm_a9_0.h &
& * Copyright Altera 2813[] 725 /%
73 * Macros for device 'led_pio', class 'altera_avalon_pio’
74 * The macros are prefixed with 'LED_PIO_'.
75 * The prefix is the slave descriptor.
76 %[
77 #define LED_PIO_COMPONENT_TYPE altera_avalon_pio
; ] : , ; 78 #define LED_PIO_COMPONENT_NAME led_pio
= /* enable semihgsting with Arm DS J{ defini n,g a ‘ 79 #define oxff2100848

2 #include <stdioc.h»
#include “socal.h”
16 #include "hps @ arm a2 @.h"

13 will be removed by Iinker if 80 #define LED_PIC_SPAN 32

14 int _autﬁ_semihﬂitiﬂg, 81 #define LED_PIO_END exff21@@5f

15 82 #define LED_PIO_BIT_CLEARING_EDGE_REGISTER @
16 /* #define LED BASE ADDR (@xFF210048) */ 83 #define LED_PIO_BIT_MODIFYING_OUTPUT_REGISTER 1
17 #define LED BASE ADDR [(LED PIO BASE) B4 #define LED_PIO_CAPTURE @

85 #define LED_PIO_DATA WIDTH 8
S int main(int arge, char*® argy) 86 #define LED_PIO_DO_TEST_BENCH_WIRING ©
7 87 #define LED_PIO_DRIVEN_SIM_VALUE @
88 #define LED_PIO_EDGE_TYPE NONE

bt -
i 89 #define LED_PIO_FREQ 50000008
. . . 96 #define LED_PIO_HAS_IN 1
printf("Hello from Atlas. \n"); 91 #define LED_PIO_HAS_OUT 1
’ 92 #define LED_PIO_HAS_TRI @
while(1) 93 #define LED_PIO_IRQ_TYPE NONE
1 94 #define LED_PIO_RESET_VALUE @
for(i=e; i < 16; i++){ a5
alt_write_word{LED BASE_ADDR,i);
printf("LED [#x] \n",1);
}

Figure 5-38. Source code changes and system header files
6. Save the modified atlas_main.c and build the LED Blink sample application.
7. After the build, run the LED Blink sample application and verify that the results are similar to those in Lab 3.
This completes Lab 3 (optional).

.
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6. Lab 4: Linux Application Exercise (optional exercise)

In this exercise you will run and debug Hello World, one of the Linux applications, from Arm® DS.

@ Info:

For this exercise, if you have a SoC FPGA Seminar ina Box provided by our company, you will use the included
microSD card.

This microSD card contains a design to boot the Linux OS.

If you are not using a SoC FPGA Seminar ina Box to perform this exercise, please prepare your own microSD card

by following the instructions in "6-1. Preparing the microSD card" below.

6-1. Preparing the microSD card

If you are using the microSD card supplied with the “SoC FPGA Seminar in a Box”, skip this section and use the "6-2.

Linux Boot and Login" below. If you want to burn the microSD card yourself, follow the steps below.

1. Download the SD card image file for your board from the following site.

Extract the downloaded file to a folder of your choice. Make sure that the .img image file exists in the extracted folder.

® Atlas-SoC board SD card image file

® DE10 Nano board SD card image file

2. Windows® users use general-purpose software to write SD card image files. This section introduces Win32 Disk Imager.

You can download it from:

® \Win32 Disk Imager

3. Insert the microSD card (8GB or more recommended) into the SD card slot of the PC (or use a USB card reader/writer).

Check the drive (In this example, drive E) assigned to the microSD card.

5» Dpen Devices and Printers{0)

EJE!CTII‘!g SDHC(E})

Figure 6-1. Check the drive assigned to the microSD card

.
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4. Launch the Win32 Disk Imager that you previously installed on your PC.

(D Make sure the drive of the microSD card that you inserted into your PC is selected as the Device.
@ Select and open the SD card image file that you extracted earlier.
@ Click the [Write] button to write the image file.

@ Click the [OK] button when writing is complete.

Win32Disklmager

® Click the [Exit] button to exit Win32Diskimager.

& Win32 Disk Imager - 1.0

Jaae Eile @ il
| [414734tsi a/atlas exte sdimage 4147341si a.ima| S||[E¥] - |
Hash @

D Read Only Allocated FPartitions

Progress

Cancel Read

| VeriR Only Exit
'@evice'

Wirite data from 'Image File'

‘é Confirm overwrite - 1.0

Writing to a physical device g
device.

(Target Device: [E:¥] ")
Are you sure you want to

Figure 6-2. Win32 Disk Imager

5. Safely remove the microSD card from the PC.

IZ\ Note:

If the host PC is running Windows® 10 and you are writing an SD card and there is a non-FAT partition (volume) in the
card, the following symptoms may occur:

® Warning window appears when inserting the card
® SD card image fails to write

For information on how to handle these symptoms, see the following reference sites:

[] Reference:
Macnica Altera FPGA Insights "What to do if writing an SD card image fails in Windows® 10"

.
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6-2. Linux Boot and Login

This exercise uses the following interfaces.

The following is an example of an Atlas-SoC board, but the DE10 Nano board is essentially the same.

M FPGA FPGA
. Configuration .
HPS Mode Switcti  2%20 GPIO(FPGA) LTC 2x7 Header

B System

Arduino Header USB PHY

6
Al\'\r Micro-AB)
iPS_DDR3

(] 14) Poiv\ixD.Ji ck

) — 14 558 « - 3 SB
Cyclone V FPGA [ L i-B (4)
with ARM Cortex-AS |

USB Blaster Il
(USB Mini-B)

Clock Generator

MAX I (J10)
Slide Switch x4—¢ ton
2x5 ADC Header
o, . IR, Button x2
2x20 GPIO(FPGA) HPS User LED i
LLL L X =
LI L
EPCS128
MicroSD Card
Socket (Jll)

Figure 6-3. Interface used in this exercise (Atlas-SoC board)

1. If the power adapter is connected to the 5 V DC jack (J14) on the board, unplug it.

2. Connect the USB Mini-B cable to the UART USB connector (J4) on the board. Connect the other end of the cable to the
USB connector on the PC.

3. Connect the Ethernet cable to the HPS Ethernet connector (J10) on the board. Connect the other end of the cable to

the Ethernet connector on the PC.

4. Insert the microSD card into the microSD card slot (J11) on the back of the board.

5. Connect the power adapter cable to the 5V DC jack (J14) on the board and power on the board.

.
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6. Open Windows® Device Manager. Expand Ports (COM & LPT) in Device Manager and check the COM port number of
the UART on the board (COM 4 in this example).

Close Device Manager.

-

r\.

o-r
a

and LPT
ﬁ Inted(R) Actrvie Management Technalogy - SOL (COM3)
I? LISE Serial Part (COM J_II
[y Viice and.other pointing devices

w

|"'|

Figure 6-4. Checking the COM Port

7. Start the terminal software that you have previously installed, and set the serial port. Select the COM port that you just

checked, and set it as shown below (COM 4 in this example).

Tera Term: Serial port setup and connection

Port: COM4 i -

Speed: W

Data: 8 bit v Cancel
Parity: none W

Stop bits: 1 bit ~ Help

Flow control: none v

Transmit delay
M msec/char 0_ msec/line

Figure 6-5. Serial Port Settings

8. Press the WARM reset button (KEY3) on the board. The terminal displays a boot message.

Figure 6-6. WARM reset button (KEY3)

9. After the Linux kernel boots, log in as root

Figure 6-7. Login as Root
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6-3. Setting the IP Address and Password on Linux

1. From aterminal, use the ifconfig command to set the IP address of the board (192.168.1.30 in this example).

# ifconfig ethe 192.168.1.30

2. Then use the ifconfig command to verify the settings.

# ifconfig etho

3. Use the Passwd command to set the password of your choice. This password will be used later for remote system

debugging.

# passwd

4. Enter the password again.

om Distribution cy

1 v2018.06 - Kernel

Figure 6-8. Setting the IP Address and Password
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6-4. Network Settings on the Host PC

To run and debug Linux applications using Remote System Explorer (RSE) on the Arm° DS, set the network settings on

the host PC.

1. First, set the IP address of the host PC. From the Control Panel, click Network and Sharing Center, then click Change

Adapter Settings on the left.

Best match At At Vour oorrpeuter . wetting
] Control Panel *
_J - - Aa ackup A

= R Hg o B wedows 71|
Apps

'I'a i Tk 4'1 el .
B settings Click Control Panel = _ —
Search the web GYE Dwevice tanage W Owvioes and Prime & ’
B control panel - tes wet it ¥ o i Flar B
Settirgs {3) ‘?' : I._: ’ H A . Barpbaard

# Bty i B i J

% 0
H

¥ Netwark and Sharing Cent

- - 4 B - Al Control

Enter Control in the search window
Control Panel Home

2 eontrol parel
nsmtens—

IChal1ge adapter settings I

Change advanced sharing
settings

Figure 6-9. Changing Adapter Settings

2. Double-click Ethernet.

=

=

g Ethernet
-
> _ LUinidentified networ

T
=
1
o
=

Figure 6-10. Double-click Ethernet

3. Click the [Properties] button.

4. Double-click Internet Protocol Version 4 (TCP/Ipv4).
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« Ethernet Status « Ethernet Properties

W m
Connection Connect usng
IPv4 Connectivity: Internet 8 inielR) Ethemet Connection 1219-LM
[Py Connectivity: Mo retwork Beoess
Media State: Erabied Canligre.
Duraton: 02:41:32 T"ﬂmmhfﬂlmgml
Speed: 100,0 Mbps i 8305 Packet Scheduler A
[7] & Micesseh Matwor: Adapter Mubplessr Pratocel
| Detads... ¥ .4 Microsolt LLDP Protocol Drives
W & Link-Liyer Topology Descavery Mapper /0 Driver
+ ¥ -2 Link-Laryer Topology Discovery Responder
m'-‘l' R; i et Frotoec] Varses b = R b
- L |t Protocol Yerson 4 [TCP/TPwd) w
Sent — &; ~—  Received < - >
“r:; i oed
Bytes: 228 5 et vt Properties

Description
Traramamssn Contml Profocaelntemet Protocol. Thes defma

s : wichs area netwodk: probocol that provides communication
ﬁm M‘ﬂﬂ soross dverse interconnecied networka

OK Cancel

Figure 6-11. Local Area Connection Properties

5. Select the "Use the following IP address:" checkbox and specify the "IP address" and "Subnet mask" (This example
sets the IP address to 192.168.1.31 and the subnet mask to 255.255.255.0.).
Click [OK] when finished.

Internet Protocol Version 4 [TCP/IPvA) Properties

General
You can get [P sethings assigned sutomatcaly if your metwmork supports
this capabiity. Otherwize, you need o ask your network administrabor
for the appropriate [P settings.
() Oty a1 [P pddress automaticaly
@,&: the fallowing IF address:
rr— 152 . 168 1 N
Guhret maskc 255 ..255 .25%5 . 0
Defadt gateveay:
Citan DS server pddress aulomabosly
{9 Lise the following DNS server addresses:
Frefermed DNS serves:
Ntemate DNS server:
[] vaidate setsngs upon ext TR

Figure 6-12. Setting the "IP address" and "Subnet mask"
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6. Check network connectivity. Try pinging the host PC from Linux on the board (In this example, the IP address of the PC
is set t0 192.168.1.31.).

# ping 192.168.1.31 [

7. + to stop the ping.

Figure 6-13. Ping the PC to check connectivity

8. If there is no ping response, check the Windows Defender Firewall settings.
Check the Public Network Settings and if Windows Defender Firewall is set to "Enabled," set it to "Disabled" and ping

again to check connectivity.

ﬁ‘ Windows Defender Firewal

+ W - Controd Pana! » Sysiom and Sacurity » Windows Dafendar Firaws [ 4]

Help protect your PC with Windows Defender Firewall
ol Pavick Hiaia elp protecty Windows Defender Firewal

Wiy Defrncher Firrwadl £an Barlp prevert Fucioort or maficiou et rom quinng scoems 1e yeu BC
Hhitigh the IRbereet oF & Rt

) For your secunty, sorme sethings. aee mansged by you vem sdrenisisabos

. Q Doamain networks Mot connected
!E Private netwarks Mot connectsd
-

. &) Guest or public networks Connscted [2H |

(ruat ecorTREEd e |

O Cancel

Mt connected

& networks Mot connected
[l '@ Guest or public networks Connected

Figure 6-14. Windows Firewall settings
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6-5. Start Arm® DS and import and build the Linux sample application

1. Start the Embedded Command Shell by double-clicking the startup script Embedded_Command_Shell.bat from the
Windows® Start menu or the SoC EDS installation folder (intelFPGA ¥embedded).

. Intel FPGA 20.1.0.711

. SeC EDS Command Shell

. SoC EDS HWLIBs Arria 10 Docume...

® SoC EDS HWLIBs Cyclone V Arma V... bedd
fl s Cyclone iV l . - — ed
M 5o EDs Source Code _
« v A « intelFPGA » 20.1 » embedded >
. Intel FPGA 20.1.1.720 Standard E.., ~ i
v intelFPGA (s 250
¥ Design Space Explorer || {(Quartus... —_— e
18.1 cygwin_setup
u Device Installer (Quartus Prime 20.1) o ~
v 20.1 drivers
EDA Simulation Library Compile (Q... devdata ex amp!es
Double-click
B wios Il Command Shell {Quartus Pr... v embedded host_tools
. Nios Il Documentation (Quartus Pri... cygwin_setup - i
- dr [“=] Embedded_Command_Shell.bat
Nios Il Software Build Tools for Ecli... ‘ vers
@‘ . | embedded_command_shell.sh
XA —_—
o Programmer (Quartus Prime 20.1) e p[es =] env.sh
host_tools 5 /
' Quartus (Quartus Prime 20.1) - mj version.txt
P v <

Figure 6-15. Launch Embedded Command Shell

2. Run the following command on the Embedded Command Shell to launch Arm® DS:

$ exec /cygdrive/c/Program¥ Files/Arm/Development¥ Studio¥ 2020.1/bin/cmdsuite.exe Q
> bash Q
$ armds_ide & Q

arm
DEVELOPMENT STUDIO

Figure 6-16. Launch Arm® DS from the Embedded Command Shell

.
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3. Set up a workspace folder for working with Arm® DS.

In this exercise, you will create a workspace in the working folder of "3. Lab 1: Hardware Exercise".

Specify the following path and click [Launch] (if the folder does not exist, it will be created automatically):

C:¥lab¥soc_lab¥cv_soc_lab¥workspace

n Arm Development Studio [DE Launcher

Select a directory as workspace

Arm Development Studio IDE uses the workspace directory to store its preferences and development artifacts.,

Workspace: || C¥lab¥soc_lab¥cv_soc_lab¥workspace w Browse...

b Recent Workspaces

» Copy Settings

?) Launch Cancel

Figure 6-17. Creating a Workspace

4. If the Preferences Wizard appears, confirm it and click [Apply & Close]. If the Arm® DS Welcome screen appears, click

Close (X) to close it.

"

B Prefersnces Wizard

File Edit Nav\gat? Search Project Run Window Help

P lize your lop i .
e &= s s Q iE|[tle

Review and adjust IDE preferences = s P
i ra-rurbeer] = | =

= ArmDeveloper

s

=

Arm Development Studio IDE has many settings, called Preferences, that are available for you to
adjust and change. Use these Preferences to adapt the IDE to best support your own personal
development style,

S om

Th\sw\zard presents the most commenly changed Preferences to customize for your
s Welcome to Arm® Development Studio for Intel® SoC FPGA

If you upgraded from a previous version of Arm Development Studic and had your workspace

preferences already set up, do not worry, we have kept things as they were, Arm Development Studio for Intel SoC FPGA combines the most advanced JTAG-based multi-core

debugger for Arm architecture with FPGA-adaptive debugging to provide embedded software developer
with full-chip visibility and control for Intel SoC FPGA devices.

Hoedpasd

Important Information for the Arm website. This site uses cockies to store information on your computer. By continuing to use our site, you consent to our cookies.
If you are not happy with the use of these cookies, please review our Cockie Policy to learn how they can be disabled. By disabling cookies, some features of thesite

will nat work.

- Accept and hide this message X
< Back Next > Apply & Close Skip

Figure 6-18. Preference Wizard and Welcome Screen

@ Info:
In Arm® DS (version 2020.1), it has been confirmed that window operation becomes slow when the Welcome screen
(tutorial and video) is displayed online. Please wait until the online display is complete without forcing the operation.

After closing the Welcome screen, operation will be smooth.

If you start Arm° DS offline, the offline Welcome screen is used, and this problem can be avoided.
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5. From the Arm°® DS menu, select File => Import.

6. Select General => "Existing Projects into Workspaces" and click [Next].

E wgrikspace - Arm Development Studio IDE

Edit MNawvigate Search Project Run  Windgue _Helo

New At Shift Jl Rk
Open File... Select
_ !
4 Open Projects from File System.. Create new projects from an archive file or directory. H
Recent Files
Cigee Cirle| Selectan import wizard:
Close Al CtrisShifts Lypefiltertext |
= General -
Save Cerl
Save As... =% Existing Projects into Workspace
Save All Cirf=Shift] 4
[T] Preferences
Rk (=} Projects from Folder or Archive
o » (= ARM Development Studio
iz y B C/Ces
Renames., > & Git
Refresh » [= Install
5 tifeg » [= Remote Sysk
Convert Line Delimiters To W RemiteSystons
» (= Run/Debug
Print.. » [&» Scatter File Editor
» (= Target Configuration Editor

[y Import. Import i ] £y Tanin il

g Export..

® < Back Mext = ’ Finish -Cancel

Figure 6-19. File => Import
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7. Select archive file: option and use the [Browse] button to locate the sample project.
The sample project is included with SoC EDS and can be found by default in the following installation folder:
C:¥intelFPGA¥20.1¥embedded¥examples¥software¥Altera-SoCFPGA-HelloWorld-Linux-GNU.tar.gz

(Importing <SoC EDS installation directory >¥examples¥software¥Altera-SoCFPGA-HelloWorld-Linux-GNU.tar.gz).

Once selected, click the [Finish] button.

Impaort Projects E— ]
Sedect a deroctary 10 search for exigting Ecipss projecis. { _-'
|

(7} Sedect oot directony: [ To—

.l pehinefile ] - Brevarte_

- i + eteFPGA 5 211 5 embedded o mamples » sofvase w b |
= Tl n
intelFPGA A Hame I =
i RIBRFE- S s - PLAFLWARTLSE: | IEr AR LR
Albera-SolFRGA-Hardwareli Terer- A 10-GHL tae e
1
. Alters-SalFPGA- HardwareL b - Terer AV ARMCCrarge
toviats | Alvera-SolFPGA-Hardwareld Trrer- AV GHU acgs
rrebartidind Albern Sl T PG - Hardware L. Temer- O3 ARMC L tinige
ypain_sehip | Alteri-SeCFPGA-Hardwarel - Terer-Ch G e gs
vy HAhers-SalPRGA -Hals Wit Rasmrelal Aﬂi.ﬁﬁ.l'_lun,_
ranples cram >
b | Ater- SH.‘FDGA Healrerkd - L i GMJ.u.r.qz y
e
Albera- k\rm-- Puah-Bustter: Linua -.N'.' L. Loy -
aftwane
w *
Felo names | Alers: SelFRGA-HellaWeed-L inus -GhLL e ge w| e Tap e ks g w

Impart Projects 1
Sebect a directory to search for exnting Eclipee projects. L . ‘
i Slect rool direciong

@ et grnhinee file él-i‘.lﬂﬁ"__wﬂ?::;I1trtb-m.dmltmnwlr.|:l.whna|runr;’a Q{}i"::h-#ﬁi;ﬂmﬁ-l:nm é;\lijwq:. w i H[q.q“,.

Brogects:
) Aitra-SoCFPGA-HeloMiord: | inus-GNL | AHrns-5o0F Pas- Hebirdiond- Lina-GRUN Select Al
—T]

Ciptare,

—
T iCore niewly impeortiedt piropects upan ¢ pmphetion
[T pete praes tn Mt slreacty eurst in o movkagu o
Working sets

Horm.

[ fictd progery 2o weviing sets

Figure 6-20. Importing the sample project
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8. The Altera-SoCFPGA-HelloWorld-Linux-GNU project has been added to the Project Explorer on the left side of the Arm®
DS window. Click and expand Altera-SoCFPGA-HelloWorld-Linux-GNU to view the various files contained in the project.

If the project icon is marked with ared X {5 , the tool chain is configured. If the X is not marked

R 11 Go to.
H workspace - Arm Development Studio IDE
File Edit Navigate Search Project Run Window Help
| 98 B0 D7 o G v
[ Project Explorer 33 | 4 S Y% f==0
w b§ Altera-5oCFPGA-HelloWorld-Linux-GNU
» £ hello.c
|.@& Makefile

Figure 6-21. Altera-SoCFPGA-HelloWorld-Linux-GNU project added (toolchain not found)

9.

In the Project Explorer, select Properties from the right-click menu for Altera-SoCFPGA-HelloWorld-Linux-GNU to view

the project properties. In C/C++ Build => Tool Chain Editor, Current toolchain: is unselected, so select arm-one-linux-

gnueabihf or arm-linux-gnueabihf and click [Apply and Closel. If you have selected a toolchain, go to

11 Go to.

If arm-one-linux-gnueabihf or arm-linux-gnueabihf is not a candidate, follow 0 and then repeat this procedure.

B workspace - Arm Development Studio IDE

File Edit Navigate Search Prejec! Run  Window Help

F AT

[§ Project Explorer 31 4+

i

:Iﬁ'r‘}%’

v 5 Altera-SoCFPGA-HelloWorld-Linux-GNLU

[€ hello.c
|.@ Makefile

Right-click

New >

Go Into

Open in New Window

Compare With >
Configure >
l Properties Alt+Enter l

H Properties for Altera-SoCFPGA-HelloWorld-Linux-GNU

type filter text

» Resource

Build Variables

Envircnment

Legging

Settings

++ General
Project Natures
Project References
Run/Debug Settings

Tool Chain Editer 8

Configuration: |Default [ Active] | | Manage Configurations... |

A Toolchain "com.amueclipse.cdt managedbuild.ds5.gec.toolchain” is not detected. Refer to "C/C+ + Developmer

[A] Display compatible toolchains only

Current toclchain:

Arm Compiler 5

Arm Compiler &
Current builder: i

GCC9.2.1 [arm-none-linux-gnueabihf]
Inux

MacOsK GCC

MinGW GCC

Mo ToolChain

Solaris GCC

Used tools

GCC C Compiler
GCC C++ Compi
GCC Assembler
GCCCLinker
GCC C++ Linker
GCC Archiver

Restore Defaults | |

Apply
Apply and Close: Cancel
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Figure 6-22. Selecting the Linux GCC toolchain
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10. Select "Window" menu => "Preferences," then "ARM DS" => "Toolchains." Since GCC (arm-linux-gnueabihf or arm-

none-linux-gnueabihf) for Linux is not in the list, use the [Add] button and follow the instructions in the window to add

the toolchain. When the addition is complete, restart Arm® DS.

e Budd tooie v
W T 0 o Progeo Wierd
Panperriy Pages Lritgs

| Select Toolchaln Path

Py wrsten T et on Ol SCNMCTRE ) ity S Sy,

[ mq|mmml-\.= PR Tl P e 1L L JURE D Lot o —cume b .‘“-‘I l Wmphohay LT 807 [ e e grrumstshf] s duadavend o
| difrtei¥ LA B0k hasnalige T -arm: B.3-301 -rminge e
WpeTERAT 7T T I e brnin - gruralahd

Do I Cormpiies et - grutababl gt me
€ Lirier il - grmabibd-ge L
= T ' . Cos Comiser  mm-nooesfnur -gruratshi-ge « e
Specify the bin directory contained directly under | € v lankor N S———— Y Tp—

the downloaded and extracted toolchain Ayl - nome- o - grussthi g e

- B - grarabd? - e g
| I Comwertes,  amn-nove-ma - grasssthl -nosdompese
Example:

CE¥intelFPGA¥toolchains¥gcc-arm-9.2-2019.12-
mingw-wbd-i686-arm-none-linux-gnueahihf¥Ebin

I s prdomaann i oo, sl Fened i s S maashain, e ety Seat b st e e intarmatio,

- p— E = : ‘-: sk e | T

| o * Toolhain e
| e A
Timslichatd
| wepes Hame
Core But Tookname I_% iga Leberiched § e
Fiewe T = Poogec) Witaid (K, 821 farm-none- bt - grisealsl] !0 Arm Gevriopre s Shucko K6 munt be retaried i ceser dor the chenges & he appeieed.
Property Mg fettng

Mime GOC 05 | [ sone-bius - grarabeif]
Pathy  CFanBPlob Vb i W - i S0 0000 1o 1 -t

=)

Appty

T ———e]

Figure 6-23. Adding the Linux GCC toolchain

11. The Altera-SoCFPGA-HelloWorld-Linux-GNU project has been added to the Project Explorer. Click on Altera-SoCFPGA-

HelloWorld-Linux-GNU to expand it and view the various files contained in the project.

pace - A opment Studic 1D
File Edit MNavigate Search Project Run Window Help
I il R i v

[ Project Explorer 51 | 4 S 7R f==0
w =% Altera-SoCFPGA-HelloWorld-Linux-GNU
v @h]-:l Includes
» (B CfintelFPGA/toolchains/gec-arm-9.2-2019,12- mingw-wé4-i686-arm- none-linux-gnueabihf/arm-none-linux-gnueabihf/finclude
» (1B C/intelFPGA/toolchains/ gec-arm-8.2-2018,12-mingw-wE4-i686-arm-none-linux-gnueabihf/arm-none-linux-gnueabibf/libe/usr/inc lude
» (18 C/intelFPGA/toolc hains/ gec-arm-8.2-2019.12- mingw-w64-i686-arm-none-linux-gnueabihf/lib/gec/arm-none-linux-gnueabih /9.2 1/include
» (B C/intelFPGA/toolchains/gec-arm-9.2- 2018, 12-mingw-w64-i686-arm-nene-linux-gnueabihf/lib/gec/arm-none-linux-gnueabihf/9.2 1/include-fixed
5 [g hello.c
| Makefile

Tis G vor|En

Figure 6-24. Altera-SoCFPGA-HelloWorld-Linux-GNU project added (normal)

.
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12. Build the Altera-SoCFPGA-HelloWorld-Linux-GNU application.

Highlight the Altera-SoCFPGA-HelloWorld-Linux-GNU project in the Project Explorer and choose
Project => Build Project. Alternatively, select the project in the Project Explorer and right-click Build Project.

The newly generated hello executable is output in the Project Explorer.

|Pf|_:&5':l_lﬂun Window Help

Oipen Project

File Edit H.'rnqm Sexrch Pm;m Run  Window Help
#'hi 1. =T S e e e - | =
L Drapedt frglores 11 o

Close Project

Build Project
matically

WEﬂanﬂnﬁhEmmplleruaﬂsﬂepﬁﬂdﬁgnnmﬁ
=purce If necesary, muﬂﬂtﬁe ﬂEﬁ!i‘tlun of
CROSS_COMPILE in theMakefile.
X mw Mw
'5. - vg =02 -Werror -HWall :
| i.'Nﬂ fWIiF i= arm-pone- .'Il.nq.ut Fu-nuhf- ! & CFLAGS
e S ORR S P TL T ™ w & CROSS COMPILE w
£ B *

lr:umrn.n-us * v-Variables & Registers it 2Dkamembly 4+ Ar 00| LB C &2 @-m-= 0
CDT Build Console {Altera-SaCFPGA-HelioWorld: Linux-GNU]
5 Madrtile $1:37:21 **** Incresental Build of configuration Default for project Alters-ScCFPGA-Helloorld- Linux-6M0 === =»

make all

mra-none - Linwe- gnoeablhf - goo g 0@ -Werror =hnll -¢ hello,c o kello.o

wre-none- Lingx: gricabihf-gee - -00 -Merrer -Nall hells.o -0 helle

sre-mone - Lines- gnueablhf-ne hello » hello.ssp

21:37:26 Bulld Finished. @ errors, @ wnenings. [took 55,5158}

Figure 6-25. Building the project
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6-6. Setting up Remote System Explorer (RSE)

With Arm”® DS, you can use Remote System Explorer (RSE) to run and debug Linux application programs on the target.

1. Choose Window => Perspective => Open Perspective => Other.

E workspace - Arm Development Studio IDE
File Edit MNavigate Search Project Run Help

o {Qg %‘i il L Py i S| MNew Window
Iy Project Explorer 32 =R =T Fador 2
w (5 Altera-SoCFPGA-HelloWarld-Linux-GNU Appearance ’
> q{-f' Binaries Show View 3
> %‘ Ln;:zd:s [ perpectve »J Open Perspecti > |@n cwmsis-Pack Manager
» %5 hello - [arm/le] Navigation » Customize Perspective... ﬁﬂﬁ'@t-. I
> [ hello.o - [amyle] Pl Save Perspective As...

3 hello.map
|.@ Makefile

Reset Perspective...

Close Perspective

Close All Perspectives

Figure 6-26. Choose Open Perspective -> Other

2. Select "Remote System Explorer" and click [Open].

n Cpen Perspective

%UC++ ~
@ CMSIS-Pack Manager
%5 Debug
* Devel opment Studio (default)
@nGit
&‘ Java
E?‘-‘Jja\.ra Browsing
TgJJava Type Hierarchy
¢ PyDev

I Resource w

Figure 6-27. Selecting Remote System Explorer

3. Inthe Remote System Explorer view button or right-click a blank area and select New Connection.

n workspace - Arm Development Studio IDE n warkspace - Arm Development Studio IDE
File Edit Navigate Search Project Run Window Help File Edit Mavigate Search Project Run Window Help
ig"wiﬁv I|@f=[. e |.=_T: *’;vavq ,fyﬁifﬁv_._ o | Eie e~ Q9 ~ 4

8 Remote Systems 53 | s Team  + =i or

2| B S =

A Remote Systems 53 | G5 Team

| Define a connection fo remote system h

& MNew Connection...

Import Connection...

Figure 6-28. New connection in Remote System Explorer
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4. Select SSH Only in the Select Remote System Type view and click [Next].

B New Connection

Select Remote System Type
Connection for 55H access to remote systems ='l_'£=
System type:
| type filter text |
v = General
D O

55 SSH Only

® < Back Finish i__ Cancel

Figure 6-29. Select SSH Only

5. Inthe Host name: field, enter the IP address of the board (192.168.1.30 in this example). In the Connection name: and
Description: field, enter Atlas SoC or DE10 Nano. Check Verify host name and click [Finish].

m New Connection

Remote S5H Only System Connection

Define connection information

Parent profile : | HD12088C v]
Host name * 192.168.1.30
Connection name : Atlas SoC 0 ame 0 68 0
Description : Atlas SoC
0 0 A oCorD 0 O

@Erifyhostname De ption/De ptio Atlas SoC or DE10

Configure proxy settings

@ prran e | o [

Figure 6-30. Connection Settings

.
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6. Inthe Remote System Explorer view, click Atlas SoC (or DE10 Nano) => Sftp Files => Root. A window for entering the

user ID and password will appear.

7. Enter "root" for "User ID:" and the password you set for "Password" and click [OK].

2 workspac

File Edit 3 e Window Help

:&'ﬁi:ﬁv. F e S N EI?—?#'O'%':-:)"‘

EE Remote Systems §5 | R Team

vz Atlas SoC System type : S5H Only
Ty Sftp Files Host name : 192.168.1.30
W Connection name :  Atlas SoC
— =

Pending...
5 Sshi Shells Password (optional) : [ ]
;!| Ssh Terminals Save user ID
[ save password
ok | Cancel

Figure 6-31. Enter the User ID and Password

8. If the warning shown below appears, click [Yes].

i ﬁ"-l The authenticity of host '192.168.1,30' can't be established.
" RSA key fingerprint is 76:9a: 1d:4e:74: 2a: 3977, 5h0dicaica T 17 1es7e,
Are you sure you want to continue connecting?

Yes No

Figure 6-32. Warning display

____9. Ifthe connection is successful, Remote System Explorer displays the files on the current board.
* workspace - Arm Development Studia D
File Edit MNavigate Search Project Run  Window Help
i gimial: G ME ok |ZRi4-0-C
2 Remote Systems 52 | s Team  + =]

w T3 Atlas Sol
~ ¥y Sftp Files
, 2 Wy Home
v v Root
v % i
= bin
> [ boot
> & dev
> O ete
[ home
&= lib
» [0 lost+found
> [0 media
1 mnt
» (3 proc
> @ mn
> (O sbin
O sys
> (3 tmp
> O usr

5 [ var
4 Ssh Shells
Z‘J Ssh Terminals

Figure 6-33. Remote System Explorer displays the files on the current board
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10. If you are unable to connect with an error, it may be a problem with the proxy settings on the host PC. In this case, click

""Control Panel" -> "Internet Options," then click "LAN Settings" in the "Connections" tab.

11. If "Use proxy server for LAN" is checked, uncheck it and click [OK].

%™ Intermnet Properties

|
General  Seurity Privacy  Content | Coonections | programs  Advenced

50 To set up an Internet connection, dik
Setup,

Dial-up and Virtual Private Nebvork setings

Add...
Proxy server
Add VPN, B
52 @ proxy server for your LAN (These settings will not apply to
T ial-up or VPN connections),
iress B0 siriced
Select Settngs iF you need to configure 8 proxy St Advairices
server for a connection,

Bypass proxy server for locsl

Local Area Network (LAN) settngs

LAN Settings do not spply o dis-up connections.
Seiect Settings above for dal-up settings.

Figure 6-34. Proxy Server Settings
12. Try connecting to the root of the Atlas SoC (or DE10 Nano) again.

.
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6-7. Running and Debugging Linux Applications

This section describes how to set up the debugger and how to run and debug it.
1. Click the “* button in the menu bar (top right of the window) to return to the main perspective of Development

Studio. From the Project Explorer tab, right-click Altera-SoCFPGA-HelloWorld-Linux-GNU.

2. . From the Project Explorer tab, right-click Altera-SoCFPGA-HelloWorld-Linux-GNU
Select Debug As => Debug Configurations.

warkspace - Arm Development Studio IDE
File Edit Mavigate Search Project Run Window Help

el RS- BE 1S
[ Project Explorer 51 | < ES YR f==0

== Altera- SﬂCFPGA—HEIIoWDdd—Linux—GNLI

» %%, Binaries
Vs Go Into
> In;ﬂ RIS Right-click
» gl hello.c Open in New Window

> % hello- [armyle] Show In Alt+Shift=W >
» @ hello.o - [arm/le] ) )
Show in Local Terminal ¥
Eﬂ hello.map
| Makefile & Copy

Show in Remote Systems view

{3 FRunAs ¥
[{;}: Debug As )] [€] 1Local C/C++ Application
Profile As > I .D' I . Cnnﬁgu Ee — ]

Restore from Local History...

Figure 6-35. Select “Debug” => “Debug Configuration”

3. Right-click “Generic ARM C/C++ Application” and select “New Configuration” to create a new debug configuration.

B pebug Configurations

Create, manage, and run configurations

Create, edit or choose a configuration to launch an Arm Debugger session.
| |
! g o XBEY~ || Confi launch settings from this dialog
[type filter text I} Rig onfiguration’ button
¥ CMSIS C/C++ Application P = ro[otype' button to
|€3¥ Genenc Arm C/C++ Application oh ‘}J
1 Java Application | New Configuration Ip |
2 lython run #  New. Prototype J copy |
& Launch Group «© Export.. ‘move
¥ Launch Group (Deprecated) Duplicate : |
% Delete figure |
Link Prototype.. Jl.lfﬁ{i!:h!

Figure 6-36. Creating a new debug configuration

.
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4. Type "HelloWorld" in the Name field.

5. Inthe Select Target field of the Connections tab, select
Intel SoC FPGA => Cyclone V SoC (Dual Core) => Linux Application Debug => Download and debug application.

6. Inthe Connection field, select the generated RSE connection (Atlas SoC in this example) and accept the other defaults.

n Debig Configuratiang

Create, manage, and run configurations ﬁ
& [Files]: Mo application on host to download details entered
gl 57~

type filter text

W CMSIS C/C++ Application

Select target
= 4 Genenc Arm CfCe + Application o
2 New_confi Select the manudacturer, board, project type and debug operation 1o use.
= aton Currently selected: Intel 50C FPGA / Cyclone V 5oC (Dual Core) / Limo Application Debug / Downboad and debug
I Java Application application
A" pythan run
¥ Launch Group | Fitter platforms .
¥ Launch Group (Deprecated) v Intsl S6C FRGA o
+ Agilex Sof
» Ama 10 SoC
v Arma W Sol

~ Cyclone W 5ol (Dual Core)
+ Bare Metal Debug
~ Lingy Application Debuoag

Connect 1o already runmng gabserver

Diownload and debug application

Start gdbserver and debug target resident application
¢ Linux Kemel andfor Device Driver Debug oo

Arm Debugger will download your application to the tanget system and then start a new gdbsener session 10
debug the application. This configuration requires ssh and gdbserver on the target platform.

Conneclions
RSE connection I.ﬁ1|as~5¢c1ﬁ.ﬂai—50-:: - |

Address: Use RSE Host
gdbserver (TCF) por: {5000 - |
.Use Extended Mode

Filtar matched 7 of 20 items Revent Apply

(i) Db Close

Figure 6-37. Set debug configuration (1)

.
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7. In the File tab, set the Application on host to download to the Hello World executable. Select hello using the

[Workspace] button and click [OK].

Name: [ Hello World

Target Configuration
Application on host to downdoad:

| e o .
Fille System.. ﬁ

Target download directory;
Target working directory:

Files

Load symbaols from file “

Select a file:

|~ 15 Altera-SoCFPGA-HelloWarld-Linux-GNU

cproject
project

= Settngs

a Makefile

¢ hello.map

s hellog

i RemoteSystemsTempFiles

Cancel

Figure 6-38. Setting the debug configuration (2)

8. Set Target Download Directory: and Target Working Directory: to/home/root.

9. Inthe Debugger tab, select Debug from symbols as the execution control field and enter main as the symbol name.

Ver.20.1/Rev.4 April 2025

Wame: |Hello World

<= Connection &i Files % Debugger| i O5 Awarenass| ¥ Argurments| B8 Environment | .3 Export

Target Configuration
Application on host to download!

[ $lworkspace loc/Altera-S0CFPGA-HelloWorid-Linux-GNUhella)

File System._  ‘Workspace_ | ] Load symbols
Target downdoad directony:

Target working directony:

|.!I'nme;"mm |

Files
Losad symbsols from file ~

Figure 6-39. Setting t

he debug configuration (3)

Name: | Hello World

<= Connection | i Fute{ £ Debugger I"{a 05 Awareness| ¢+ Argumenzs B8 Environment | o Export

Run control

B R4

() Connect only () Debug from entry wm@!ehwg from symbol

Figure 6-40. Setting t

105/1

he debug configuration (4)
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Click the [Debug] button to start the debugging session.

When a debugging session starts, the App Console displays a log similar to the following:

10.

11.

12.

13.

14.

My First Altera® SoC FPGA Exercise Manual (Atlas-SoC / DE10-Nano Board Edition)

O Console B Commands ©Variables @ Registers = Memory W Disassembly B App Console ® +

Preparing for debugsesion

# cd "/home/root”

# export LD _LIBRARY PATH=".:/home/root:3LD _LIBRARY PATH"
# gdbserver :5808 "/home/root/hello”

Process Sfhose/root/hellc created; pid = 1384

Listening on port 5808

Debug session started and connecting to gdbserver

flemote debugging from host 192.168.1.31

Figure 6-41. App Console at the start of a debugging session

The application is loaded and then breaks in the main function.

& hello.c 2 s
29 * Copyright (c) 2013, Altera Corporation <www.altera.com>[]
27
28 #include <stdio.h>
29
*30-int main(int argc, char** argv) {
31 printf("Hello SoC FPGA!\n");
32 return @;
33 }
34

Figure 6-42. Break in Main function

Double-click the left margin of the source code and the debugger will set a breakpoint there, as indicated by the red

dote@.

29
®28-int main(int argc, char** argv) {
Ued printf("Hello SoC FPGA!\n");
32 return @;
35 ¥
34

Figure 6-43. Setting breakpoints

Continue button || (or F8) to run the application and stop at the breakpoint.

29

30-int main(int argc, char** argv) {
%51 printf("Hello SoC FPGA!\n");

32 return @;

33 }

34

Figure 6-44. Stop at breakpoint

.
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15. Double-click the breakpoint indicated by a red dot @ in the left margin of the source code. To cancel the breakpoint

setting, double-click the breakpoint indicated by a red dot.
16. Step Source Line button (or F5) advances the execution code one line.

17. You can add various views useful for debugging by selecting "Window" menu => "Show View" => "Other". Select the

view you want to display from the items listed under "ARM Debugger" and click [Open].

Windoe | Help n"‘ﬂ'lw.'i"h'i
Hirw Windhow GrD-Q~ ™
[Editor ¥ TVE Ll
[ Appaanmy P fight () 2010, Alters Corporation f o General A]
o
Peruptive 2| B Condcke AmeShitteQ C T Debwgaer H
{5 Debu I M Ape Concle
i "l s I & am A it I
i T Dbug Shell I sm Info i
references 2 | Dibng Souiries i '_b.!'r'r: i
E B Cin i " £ Cache Dl i
' Dnagsembly I ! T I
[ Dara
@ Emrleg Alra Shifre 0y | I e |
'j:' e S 1 5 Debug Hardware Configure 1
¥ Expressions ]
& Debug Hardware Finmwane Installey I
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Figure 6-45. Adding a view
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18. The Registers view displays the contents of the target register. You can also change the value of a writable register.

i Variables % Ereakpclnlsl i Registers 0 2" Expréssions %) Functions 4

Registerset: All registers

Name Walue Size Access
= Core 1TAT registe
* RO xgdapaala 32 RwW
& R1 Bxegeanaga 32 RAW
= B2 Bxgeadesagl 32 R
s B3 Bxddees3ico 32 RW
= Rd exBEFFFEBB 32 RN
& RS gxogaeaoga 32 Rw
* RE s itsletstalstslotc) 32 RW
a RB7 @xBEFFFESA 32 R
« RB gxesa0008a 32 W
= RY exeeaagags 32 RW
® R10 @xB&FFEFAS 32 RW
= R11 exoo00088d 32 RAW
& {12 RxdSpeooad 32 RAW
& Sp @xBEFFFESE 32 Rw
LR BxB&FEF3E3 i RW
& PC exeSeasiE2 32 R
=% (PSR @xsedFgE3a 32 AW
i WFP 65/85 registe
v RIMD 18016 registe

Figure 6-46. Registers view

19. The Variables view displays the contents of a variable that is currently in its valid range. You can also change the value

of a variable that is currently in its valid range.

w Breakpoinis & Registers " Expressions #) Functions: 4

MName Value Type Count Size Address Access
< Local Variables 2

F e 1 32 DLBEFFFRSC AW
"o sy QuBEFFFCFE  char** 1 32 O«BEFFFROS AW

File StaticVariablesVariables: O

Global Wariables 0

Figure 6-47. Variables view

20. The App Console (application console) view enables you to use the console I/O functionality provided by the semi-

hosting implementation in the Arm C library. The contents of the print statement in the application are displayed.

21. Continue button |B| Press the button to continue the application and display Hello SoC FPGA! is displayed.

B App Console = Ii Target Console B Commands B Console +

Helle SoC FPGAL

Child exited with status 8

I
Figure 6-48. App Console view
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22. Clicking |=’I| Debug from main() will break the program back to the beginning of the application, main.

$# Debug Controt 51 <=
r; = =
= G Hello Weald spplecation guil code [
& Apphication temunsted 82 termnated

Figure 6-49. Debug Control Debug from main()

23. Press the Continue | button again. Press the Continue button again to run the application from the top, and the

App Console view Hello SoC FPGA! is displayed.
24. Disconnect from Target |% | button click to end the debugging session.

25. Delete All Connections button |% | to delete the debugging session.

 Debug Contred 2 4

'I-t;. - | r | 2% » @
5 Hello World disconnected ¥ Mew Debug Connection..
% Connect with Existing Config_

s Add Configuration (without connecting)—

b3 TG neclion

Figure 6-50. Debug Control Delete All Connections

26. Rightclickthe ' ©* button at the top right of the window and select Reset to restore the initial screen layout.

Congratulations! All exercises have now been completed.
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7. Future reference materials

This exercise focused on learning the basic operations of the Quartus® Prime development software, which is an
Altera® SoC FPGA development environment, the Platform Designer system integration tool, and the SoC EDS software
development environment. If you want to improve your knowledge in the future, you can use various information

sources.

Please refer to the "SoC Beginner's Guide" for the same information.

D Reference:

® SoC Beginner's Guide

Altera® SoC FPGA Summary Page (in Japanese)

Beginner's Guide to SoC - Accessing HPS-FPGA (in Japanese)

Beginner's Guide to SoC - How to use Preloader Generator

Beginner's Guide to SoC — Bare Metal Application Debugging with DS-5 (in Japanese)

® SoC Information

Macnica Altera FPGA Insights

Macnica Altera FPGA Insights Technical Content Page

Macnica Altera FPGA Insights FAQ Page

Machnica Semiconductor Business: SoC FPGA-related articles and resources (in Japanese)

Macnica Semiconductor Business: SoC FPGA-related FAQs (in Japanese)

Machnica Semiconductor Business: Altera® FPGA-related FAQs (in Japanese)

® Description of devices and tools

Altera® FPGAs and Programmable Devices - FPGA Documentation

® \Various documents and projects that are useful for using Linux on SoC devices

RocketBoards.org

Altera Opensource

.
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https://malt.zendesk.com/hc/ja/articles/4414948351257
https://www.macnica.co.jp/business/semiconductor/articles/intel/124437/
https://malt.zendesk.com/hc/en-us/articles/36587354707737
https://www.macnica.co.jp/business/semiconductor/articles/intel/118693/
https://malt.zendesk.com/hc/en-us/articles/36587354707737
https://malt.zendesk.com/hc/en-us/categories/900001338083-Contents-Category
https://malt.zendesk.com/hc/en-us/sections/900000842006-FAQ
https://www.macnica.co.jp/business/semiconductor/articles/query/?kw=SoC%20FPGA&a_cat%5B%5D=basic&a_cat%5B%5D=design&mfr%5B%5D=intel&mfr%5B%5D=intel
https://www.macnica.co.jp/business/semiconductor/support/faqs/query/?kw=SoC_FPGA
https://www.macnica.co.jp/business/semiconductor/support/faqs/query/?kw=intel
https://www.intel.co.jp/content/www/jp/ja/support/programmable/support-resources/fpga-documentation-index.html
https://www.rocketboards.org/foswiki/Main/WebHome
https://github.com/altera-opensource
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2. This document is subject to change without notice.
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