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Chapter 1

Overview

This document provides an introductory roadmap for developing a Nios® V processor system. It
walks you through creating and running a basic Hello World program and controlling the LED blink
feature on an FPGA board. The example setup uses the Terasic Atum A3 Nano development board,
with Quartus® Prime software and the Ashling* RiscFree* IDE for Altera FPGASs as the primary
development tools.

1.1 Hardware and Software Requirements

Hardware Requirements
e Terasic Atum A3 Nano development board
Software Requirements

e Quartus Prime Pro Edition (This document uses Quartus Prime Pro Edition version 25.1)
e Ashling RiscFree IDE for Altera FPGAS
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Chapter 2

Haradware Design

This chapter will guide you through starting the hardware design process by adding the Nios V
processor and its peripherals into Platform Designer. After setting up the system assignments and
constraints, you will complete the hardware design by successfully compiling the project.

2.1 Creation of Hardware Design

This section describes the flow of how to create a hardware system including Platform Designer
feature.

2.1.1Creating a New Project

1. Launch Quartus Prime then select File->New Project Wizard, start to create a new project. See
Figure 2-1.
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\Oh Quartus Prime Pro Edition

J51} Edit View Project Assignments Processing Tools
B new Ctrl+N

Open Ctrl+0

Close Ctrl+F4

& New Project Wizard...

2% Open Example Project
% Dpen Project.. Ctrl+J
Save Project
Close Project
H save Ctrl+5
Save As...
;ﬁ' Save All Ctrl+5hift+s
File Properties.
Create [ Update 3
Export. Design Units
L Convert Programming Files
Programming File Generator.
Ei Page Setup...
ﬁ Print Preview

80 Print Ctrl+P
Recent Files »
Recent Projects b
Exit Alt+F4

Figure 2-1 Start to Create a New Project

2. Choose a working directory for this project, type project name and top-level entity name as
shown in Figure 2-2. Click Next to next window.

B3 New Project Wizard
Directory, Name, Top-Level Entity

Select the type of project to create. What is the working directory for this project?

@) Empty Project ID:\myflrst_mosv I

Create new project by specifying project files and Mhatisthe name ol project?
libraries, target device family and device, and EDA I | myfirst niosv{ I
tool settings. ) =

What is the name of the top-level design entity for this project? This name is
Design Example case sensitive and must exactly match the entity name in the design file.
Create a project from an existing design example.
You can choose from design examples installed
with the Intel Quartus Prime software, or
download design examples from the Design
Store.

myfirst_niosv

This project uses a Partition Database (.qdb) file for the root partition

Use Existing Project Settings...

Help

< Back ‘ Next > ‘ Einish Cancel

Figure 2-2 Input the working directory, the name of project, top-level design entity
3. We choose device family and device settings. You should choose settings the same as the Figure
2-3.
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e FPGA Family :Agilex 3(C-Series)
e FPGA Name : A3CZ135BB18AE7S

Then click Finish to finish new project. Figure 2-4 show a new complete project.

E‘j New Project Wizard X
i Family, Device & Board Settings

Device Board

| Select the family and device you want to target for compilation. You can install additional device support with the Install Devices command
on the Tools menu.

Device family Show in "Available devices' list
Family: | Agilex 3 (C-Series) v
Package: Any >
Device: | All >
Pin count: Any v

Target device Core speed grade: | Any v

o) Specific device selected in "Available devices' list
v Show advanced devices

Other: nfa
Filter: Name -
Name Core Voltage ALMs Total I/Os GPIOs GTS XCVR Channels Memory Bits M20K | *
24 A3SCZ100BM16AE7S 0.75V 34000 254 192 4 5365760 262
25 A3CZ100BM16AITS 0.75V 34000 254 192 4 5365760 262

4

.
»

Available devices: 29

Help < Back Finish Cancel
Figure 2-3 New Project Wizard: Family & Device Settings
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G Quartus Prime Pro Edition - Dz/myfirst_niosw/myfirst_niosv - myfirst_niosv

- (m] X
File Edit View Project Assignments Processing JIools Window Help e
N A - - . . N - s
BEE A M OC [ S GHS 0PV LOOBLRQUW S W
Project Navigator Q HE® | Compilation Dashboard D IP Catalog 1E®
Instance Entity O\}«pi ter=> =
&, Agilex 3: A3CZ135BB18AETS »  Project Overview -

® myfirst_niosv E

Compilation Flow:

~ i Installed IP

~ Project Directory

No Sel on Available
P Compile Design ~ Library
e P IP Generation » Basic Functions
3 re Analysis & Synthesis + Bridges and Adaptors
%, Hierarchy E Files .'I-I Design Units IP Components = > ¥ 4 N
e P Analysis & Elaboration Sy & C » DsP
s @ ® 7 B Synthesis & 0 & _é-)f b Interface Protocols
_ o . » Memory Interfaces and Controlle
Project £ B Early Timing Analysis (] )
< hé d Peripheral
i Revisions... X ) » Processors and Peripherals
Project Files £ P Fiter < } University Program
B new. P Fitter (Implement) & \ Verification :
Open... » Plan &0 4y e »
ril‘:. Add/Remove Files in Project... + Add..
B ninsfrrmn Narionar =4 4
3] o Q (o
® < <Filter== v Use Regular Expressions Show Non-matching | A#Find... A5 Find Next
(0) (0) (0) (0) (0)
1
Message Message ID
o
04 3
@ ;
& system Processing

Figure 2-4 A New Complete Project

2.1.2Creating a Platform Designer System

1. Choose Tools > Platform Designer to open new Platform Designer system wizard. See Figure

2-5.

ter

WWW.terasic.com

www.terasic.com




asicC

G Quartus Prime Pro Edition - D:/myfirst_niosv/myfirst_niosv - myfirst_niosv

Eile Edit View Project Assignments Processing BEGE Window Help Search
N . S Generate Simulator Setup Script for IP.. . L I . .
. Q */_ r O O m };'u Launch Simulation Library Compiler 4 Q’ ’ ‘, L’: ‘v’ o n % 9 ‘-* e '
Project Navigator £+ Launch Design Space Explorer Il IP Catalog
Instance Entity Run Simulation > Q <<Filter>>
& Agilex 3: A3CZ135BB18BAETS r
A he 5 5 o Timing Analyzer ~ & Installed IP
® myfirst_niosv ‘!- ~ Project Directory
Chip Planner
@ e No Selection Availal
€ Design Partition Planner an ~ Library
B interface Planner ition » Basic Functions
Y . Netlist Viewers » & Synthesis + Bridges and Adapto
%, Hierarchy E Files .'i' Design Units P - v A » DEP
@- Signal Tap Logic Analyzer sis & Elaboration ¢y c
T - . o © }+ Interface Protocols
%y service Configuration Manager (SCM) esis A 4 < ror + Memory Interfaces :
Project " ling Analysis [ v :
o pevic = In-System Memory Content Editor g Analys < V Processors and Peri
g Revisions..
Project Files |'; Logic Analyzer Interface Editor < » University Program
L Implement ificati
New. 1 In-System Sources and Probes Editor (Imp ) < b Verification
© —
£ Open... & Programmer an A 0 @ rof 1
|i;3 Add/Remaove Files in Project.. v - T Add
B nlasfarm Nacianar @ JTAG Chain Debugger I i
5 ol U Fault Injection Debugger
o 6 ! <<Filter> 0 ) e Fxpressions Show Non-matchin; Find... Find Next
P! g
+ 0) © (0) (0) (0) & Configuration Debugger
Message QUD Signing and Encryption Assistant
System Debugging Tools »
Power and Thermal Calculator
-.l-‘| IP Catalog
_, Platform Designer
Example Design Manager
" A TclScripts...
@
K ‘- -
@
g System | Processing +% Open System X
Opens Platform Designer System Integrat ([ System | IP Variant | BSP Editor |
Select the Quartus Prime Pro project file and Platform Designer system file to open
Quartus project: |D \myfirst_niosvimyfirst_niosv.qpf ‘ - ‘
Revision |m3mr5t_ninav ‘ — ‘
Board |Set by Quartus project | ‘
Device family. |AgMex & | ‘ ‘ Retrieve Values ‘
Device part [asczraseBiaaETs [~]
Platform Designer system |D fmyfirst_niosv/ ‘ 4 ‘

‘a, Platform Designer system is not specified. Create or specify a Platfarm Designer system

Click the Create New Platform Designer System icon and name the

Figure 2-5 Platform Designer Menu

"system” (refer to Figure 2-6).
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& Open System

[ System | IP variant | BSP Editor |

Quartus project:

Revision:

Board!

Device family:

Device part

Platform Designer system

Select the Quartus Prime Pro project file and Platform Designer system file to open

‘D \myfirst_niosvimyfirst_niosv.gpf

[ LB

‘ myfirst_niosv

M LE

‘Set by Quartus project

‘Ag\\sx 3

‘ H Retrieve Values |

‘ASCZW 35BB1BAETS

‘D Imyfirst_niosvi

= | LB

/2, Platform Designer system is not specified. Create or specify a Platform Designer system

Click Create and your will see a window as shown in Figure 2-7. Then a Platform Designer window

will appear.

2 Open System

[ System | IP Variant [ BSP Editor

«= New Platform Designer System

Look [ |[=3 myfirst_niasv

oo
"| E |

T ani
3 adb

File Name: |‘5ystem\ |

Files of Type ‘P\atfurm Designer System Files (*.gsys)

‘V|

Figure 2-6 Create New System [1]

Quartus project;

Revision

Board.

Device family:

Device part

Platform Designer system

Select the Quartus Prime Pra project file and Platform Designer system file to open

|D A\myfirst_niosvimyfirst_niosv.qpf

|mwrslﬁmasv

|Sst by Quartus project

|Agst 3

[ Remeve vaues |

|ASCZ1 35BB1BAETS

[ L]

| |D \myfirst_nioswsystem.gsys |

ter
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B Adding Components

1. Now, we will first add a reset component into the system.

Go to IP tab and choose Library > Basic Functions > Configuration and Programming > Agilex
Reset Release to open wizard of adding reset component (See Figure 2-8)

aa Platform Designer - systemn™ (D:\myfirst_niosv\system.gsys) -
File Edit System Generate \iew Tools Help

| Fiter 22 | ™ jpcatalog 52| o
IP Board
3 x| 5]
oject

W New Component...
W New Packaged Subsystem...
brary
Basic Functions
o= Arithmetic
o= Briclges and Adaptors
o= Clocks; PLLs and Resets
& Configuration and Programming
& Advanced SEU Detection Intel FPGA P

— —Talpe = = FLz A IF
Avalon-MW Partial Recol
Avalon-5T Partial Recon
Configuration Clock Intel
Generic Serial Flash Interfa
Parallel Flash Loader Il Intel
Partial Reconfiguration Cont
Partial Reconfiguration Exter
Partial Reconfiguration Regio
Reset Release Intel FPGA IP

guration Freeze Bridge |
ration Freeze Bridge In
LA P

= Intel FPGA P

GA P

er Intel FPGA [P
Configuration Cont
ortroller Intel FPGA

L I I I B I B B N

o= DA
e [i0
o= Miscellaneous
o= n Chip Memary
o= Simulation; Debug and Verification
= Bridges and Adapters
~DspP
= Generic Companent
~ Intel FPGA Interconnect
~ Interface Protocols
= Memory Interfaces and Controllers
= Processors and Peripherals
= University Program
isting IP Variants
D

] Il

Figure 2-8 Add Agilex Reset Release

See Figure 2-9, In the Agilex Reset Release IP window:

a. Check Reset Interface.

www.terasic.com
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b. Rename the HDL entity name to “reset_release”

c. Click Finish

an Agilex Reset Release Intel FPGA IP - intel_user_rst_clkgate_0

k=3

Megecors’ intel_user_rst_clkgate

Agilex Reset Release Intel FPGA IP

X

scumentation

[~ Parameters

Type of reset output po

(@) Resst Interface

() Condutt Interface

Parameterization Messages

Type

Message

IP folder: |p\system

H HDL entity name] [reset_release

Figure

2-9 Agilex Reset Release

A reset_release component is added in the system as shown in Figure 2-10.

% Platform Designer - system* (D:\myfirst_niosv\system.qsys) - Quartus Project: D:\myfirst_niosvAmyfirst_niosv - myfirst_niosv - m] X
File Edt System Generate View Tools Help
)' Fiter 53 ‘ ™ |p Catalog 33 - |:|‘ i . System View B Acdress Map ‘ Exported Interfaces &3 l Details 5% ‘ = 5 "R Syste % ‘ Compi % ‘ Domai 33 ‘ - o
System: system Path: reset_release ;synem: system  Path: reset_release
(P | Board [
HDL entity P
o X @ D D D D [C] Show subsystem [] Hide unconnectable int... |  Remove Dangiing .. e s eicas | Miiles | paysieriese: feieas
Project @ Use [Connecti NawE: Descripti Any changes here wil be written out to disk when the system is
@ New Component.. i‘i B £ clock_in (Clock Bridge Intel FPGA IP e
M New Packaged Subsystem... - Dol Be=inclk (Clock Input . potalk
o Systems [x] oo ok Ot Agilex Reset Release Intel
Library =
o~ Basic Functions @ B £ reset_in Reset Bridge Intel FPGA IP ‘FPGA IP
o Bridges and Adapters E ok Clock Input intel_user_rst_clkgate
DSP | K| £
- Generic Component [a] D e inresst Reset Input
o Intel FPGA Interconnect = = OTTESer FrEvErDT ~ Parameters
©- Interface Protocols O LF reset_release |Agilex Reset Release Intel FP T f reset output port: (@) Reset Interfs
= Memory Interfaces and Controllers o YRS OUTEREt DN POrte eattinieriace
¢ Processors and Peripherals =& ninit_done [Reset Output i
¢ Embedded Processors ) Condut Interface
* Nios Vic Compact Microcontroller Intel FPGA IP )
® Nios Vig General Purpose Processor Intel FPG, @ =
o Rios Vi Miciacontroller ISl FFGA TP Parameterization Messages
- Hard Processor Componerts
- Hard Processor Systems Type | NMesssoe ]
o Inter-Process Communication ! i |
o~ Peripherals
o University Program
Existing IP Variants
oD 8 o 50 — e
Presets for reset_release
Show presets for the selected board
< I} [ [» [] Clear preset fitters
= =
Current filter:  |All Interfaces = S
EEER= ] = X
= — : | Project
= System Messages m Generation Messages &% ‘ Pl = Ohck New... o create a presst,
| Library
Tye | pan | L fil No presets for Agilex Reset Release Intel FPGA IP 1.0.0
No messag:
<] I D
[ ] e ([ ] (el
D Component Instantiation: 0 Errors, 0 Warnings, System Connectivity: 0 Errors, 0 Warnings ‘ Sync System Infos ” @B Auto I | .Vallda\e System Integrity | l Generate HDL... |
te www.terasic.com
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2. Then we will add a Nios V microcontroller into the system. Choose Library > Processors and
Peripherals > Embedded Processors > Nios V/m Microcontroller to open wizard of adding
cpu component. See Figure 2-11.

sn Platform Designer - system™® (D:\myfirst_niosv\system.qsys

File Edit System Generate View Tools Help

}» Fiter E:@ P b Catalog 52 Ii e
1Tf Board
B X X

W New Component..

W New Packaged Subsystem...
o~ Systems
Library
©- Basic Functions
o~ Bridges and Adapters
o~ DSP
o~ Generic Component
o~ Intel FPGA Interconnect
©- Interface Protocols

|
i Project
!
|
|
|

llers

9 Processors and Peripherals

’ % Embedded Processors
® Nios Vic Compact Microcontroller Intel FPGA IP

o Nios /g Gene RO ocessor Intel FPG
o= Hard Plocesso ompone
o~ Hard Processor Systems
o~ Inter-Process Communication
o~ Peripherals
o= University Program
| ||Existing IP Variants
o-D:

< I [»

T‘ & Add...

Figure 2-11 Add Nios VV/m Processor

See Figure 2-12, n the Nios VV/m Microcontroller IP window:
a. Rename the HDL entity name to “nios_m”
b. Click Finish
c. Figure Figure 2-13 show the nios_m component is added in the system.

-10
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aa Nios V/m Microcontroller Intel FPGA IP - intel_niosv_m_1

“ Nios V/m Microcontroller Intel FPGA IP

Megators’ intel_niosv_m

~ Exar e 3 | Presets for intel_niosv_m_1
For available Nios V/m Example Designs, please go to: Quartus > File Menu > Open Example Project Sk prasare oy the shlec et oA
~ Debug.
[ [[] Clear preset fifters
Enable Debug ;
Y X
[] Enable Reset from Debug Module
Project
— T Click New... to create a preset.
~ Use Reset Request Library

[] Add Reset Request Interface No presets for Nios V/m Microcontroller Intel FPGA IP 24.0.0

Reset Agent: Absolute v
Reset Offset: |0x00000000

= CPU Architecture.
When pipelining is enabled, you benefit from higher instructions per cycle (IPC), but at the cost of higher area and lower
When pipelining is disabled, you benefit from lower area and higher frequency, but at the cost of lower IPC.

Enable Pipelining in CPU

mhartid CSR value: |0
~ ECC

D Enable Error Detection & ECC Status Reporting

W

| Apply || View.. H Delete |

< Iil | »

Parameterization Messages

Type Message
(No messages)
<] 1] | »
IP folder: [ip\system HDL entity namg: |nios_m|
Cancel |
Figure 2-12 Nios VV/m Processor
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& Platform Designer - system* (D:\myfirst_niosv\system.qsys) - Quartus Project: D:\myfirst_niosvimyfirst_niosv - myfirst_niosv - [m] X

File Edit System Generate View Tools Help

_ o e % p: 8 syster 2| Compe 33| Domal i1 o/

System: system

Fiter & | ™ |p Catalog 3

(P | Board
-+ X @

il = t: System View &5 | Address Map &% | Exported Interfaces &5 | Details &1

System: system

HDL entity
D D D D D [[] Show subsystem m [] Hide unconnectable inter name:

IP
nios_m  file: ip/system/nios_m.ip

Project li‘ Use BETTEEES Name Descrip Any changes here will be written out to disk when the system is
W New Component E G £ clock_in Clock Bridge Intel FPGA —
W New Packaged Subsystem. =2 = in_clk Clock Input . A Deta
Library ol ok Output Nios V/m Microcontroller Intel
o= Basic Functions o] aed ek Outpul EPGA IP
= Bridges and Adaptors = = £F reset_in Reset Bridge Intel FPGA e
e DsP - clk Clock Input S
©- Generic Component . -
o= Intel FPGA Intercannzct s B= in_reset Reset Input : -
o= |nterface Protocols -& out_reset Reset Output [~ Example Designs —
o~ Memary Interfaces and Controllers For available Nios V/m Example Designs, please go to: Guarf—
o Processors and Perpherals [ €F reset release Agilex Reset Release IP
¢ Embedded Processors 8= ninit_done Conduit ~ Debug
#® Nios Ve Compact Microcontrolier Intel FPGA IP 3 £F nios_m Nies V/m Microcontroller = [
® Nios Vig General Purpose Processor Intel FPGA IP - Clk Clock Input Cl 1] I [»]
# Nios vim Microcontroller Intel FPGA IP ase .
= reset Reset Input i
o= Hard Processar Components esel =_ etinpl b Parameterization Messages
& Hard Processar Systems -& platform_irg_rx Interrupt Receiver Type Wessage 1
& Inter-Process Communication =a instruction_manager AxXl4Lite Manager |
o= Peripherals _ S ~
& Universtty Pragram =-a data_manager Axl4Lite Manager
o= Verification »= timer_sw_agent Avalon Memory Mapped As
Existing IP Variants »- dm_agent Avalon Memary Mapped A gl Presets i il =}
Presets
Show presets for the selected board
l ] I [» [] Ciear preset fitters
Current filter:  |All Interfaces
[¥] ] a X
o Project
5; System Messages &0 | Generation Messages &3 P ol mjrfj instance se g
Library
Type Path Message Na instance q
7B 2 System Connectivity Err...
@ Platform Designer Tip Please Sync All System Infos before attempting to resolve the fol
0 system.nios_m.clk nios_m.clk must be connected to a clock output
) |system.nios_m.reset nios_m.reset must be conn 10 a reset source
; ‘ N =] e
D Component Instantiation: 0 Errars, 0 Warnings, System Connectivity: 2 Errors, 0 Warnings ‘ [ syne system Infas ” I Auto ‘ ‘ ¥l validate System Intedrity ‘ ‘ Gengrate HDL ‘

Figure 2-13 Add Nios V CPU completely

3. Choose Library > Interface Protocols > Serial > JTAG UART Intel FPGA IP to open wizard
of adding JTAG UART as shown in Figure 2-14.

In the JTAG UART IP window:
a. Rename the HDL entity name to “jatg_uart”

b. Click Finish

4. Figure Figure 2-15 show the jtag_usrt component is added in the system.
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#a Platform Designer - system* (D:\myfirst_niosv\system.qsys) -

File Edit System Generate View Tools Help

Fiter &2 If'- IP Ca

s JTAG UART Intel FPGA IP - jtag_uart_1

X

P
&

[Project
i New Component...
g New Packaged Subsystem...
o~ Systems
Library
©- Basic Functions
©- Bridges and Adapters
o~ DSP
©- Generic Component
o= lotel FPGA
¢ Interface Protocols I
o= Audio ideo
©- CPRIPHY
o~ Ethernet
o~ Interlaken
©- JESD
o~ PCIExpress
* 16550 Compatible UART Intel FPGA IP
Avalon 12C (Master) Intel FPGA IP
Avalon-ST Serial Peripheral Interface (SPI) Intel
&SPl to LPC bridge Intel FPGA IP

gl gl Serial Port) Intel F|
® SPI (4 Wire Serial) IntelSRGA IP
o= Serial Lite
o= Transceiver PHY
©- Memory Interfaces and Controllers
©- Processors and Peripherals
©~ University Program
Existing IP Variants
oD

JTAG UART Intel FPGA IP

altera_avalon_jtag_uart

Write FIFO (Data from Avalon to JTAG) |
Buffer depth (bytes): |64 :
IRQ threshold: 8
D Construct using registers instead of memory blocks
"~ Read FIFO (Data fre AG to Avalon)
Buffer depth (bytes):
IRQ threshold: 8

D Construct using registers instead of memory blocks

| Presets for jtag_uart_1
Show presets for the selected board
[[] Clear preset fitters
@ X
Project
Click New... to create a preset.
Library
No presets for JTAG UART Intel FPGA IP 19.2.4
l Apply ] | View... I 1 Delete I l New...

Parameterization Messages

Type

(No messages)

IP folder: |ip\system

HDL entity name: |'nag_uart I

Add.

Figure 2-14 Add JTAG UART (1)

Z Platform Designer - system” (D:\myfirst_niosvsystem.qsys) - Quartus Project: DAmyfirst_niosvAmyfirst_niosv - myfirst_niosv - o x
Fle Edt System Generate View Tools Help
Fiter 2% fFWEﬂ - of o|| §= systemview 2 ’ AddressMap 5% | Exported Interfaces 2% ‘ Details &3 ‘ =] w Syste 2% [ Compi 53 [ Domai 3 [ - .
System: system  Path: flag_uart System: system _Path: ftag_uart
(P | Board
HOL entity P
& % @ D D []Show subsystem . [] Hide unconnectable int... | Remove Danging ... S og ar] | Tile: fnfsyatorfiag e
Profet [#] [Use NaE Any changes here will be written out to disk when the system s
4 New Component... - out_chk (Clock Output e
I ;! s"evr’““: Packageo Subsystem. B £ reset_in Reset Bridge Inte] m
Lih,.Iy - clk (Clock Input JTAG UART Intel FPGA IP
o~ Basic Functions o] = inresst IReset Input atera_avalon_jtag_uart
& Eg‘;g“ and Adapters - out_reset Reset Output
6= Generic Component B £ reset_release IAgilex Reset Rele -
o Intel FPGA Interconnect :
& larfase Protoscls - ; _nnnn_aone :_ew ‘:7::1:_ [¥ Write FIFO (Data from Avalon to JTAG] E
o Ao & Video nios_m lios jcrocd
o= CPRIPHY | meck (Clock Input CAPETAITED
o Ethernet ;
ottt > reset [Reset Input IRQ threshold: 8 =
& JESD = platform_rq_n Interrupt Receiver |
;’ ’;C‘ Ff"'ess =& instruction_manager |AXI4Lite Manager Parameterization Messages
erial :
® 16550 Compatible UART Intel FPGA IP & data_manager [AisLite Manager: Tyee | E
o Avalon12C (Master) tel FPGA Ip = timer_sw_agent |Avalon Memory Ma - L I o
© Avalon-ST Serial Peripheral Interface (SP) Intel =
® eSPIto LPC bridge Intel FPGA IP B £F jtag_uart. |JTAG UART Intel
o Intel eSPI slave - cl (Clock Input m -0
© JTAG UART Intel FPGA IP = reset [Reset Input
i : Presets for jtag_uart
* Lightweight UART (RS-232 Serial Pot) ntel P B vaioc tahiave |avalon emory Maf
& Serat. anpl (4ive Serh el FPGATP >~ irq Interrupt Sender | Show presets for the selected board
o~ Transceiver PHY Lo L - L [] Clear preset ftters
= Memory Interfaces and Cortrollers
o~ Processors and Peripherals [#[g] [¥] © currentriter: X x
o Universty Program = d
Existing IP Variants Sject
P [ e e —— e i T e
Library
Type GLL e No presets for JTAG UART Intel FPGA IP 19.2.4
? A 2 System Connectivity Warnings 2]
system.jtag_uart Interrupt sender jtag_uart.irq is not connected to an i —
1] 0 system.jtag_uart.avalon_jtag_slave |jtag_uart.avalon_jtag_slave must be connected to a |
4 System Connectivity Errors
Platform Designer Tip Please Sync All before ~ [y | [vews, | [ ook | Crewe ]
T
| ‘ Sync System Infos. " - Auto | \ ¥ Vaiidate System Integrity | ‘ Generate HDL.... J

Figure 2-15 JTAG UART
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5. Choose Library > Basic Functions > On-Chip Memory > On-Chip Memory Il (RAM or
ROM) Intel FPGA IP to open wizard of adding On-Chip memory. See Figure 2-16.

In the On-Chip Memory Il IP window:
a. Change memory size to “262144”.
b. Rename the HDL entity name to “onchip_memory”

c. Click Finish

6. Figure 2-17 show the onchip_memory component is added in the system.

aa Platform Designer - system™ (D:\myfirst_niosvisystem.qsy

File Edt System Generate View Tools Help

Fiter 53 | P™ jp Catalog 33 -t
I [ ' Board

4 X &
Project |«

M New Component...
W New Packaged Subsystem...
o= Systems
ibran
9
&= Erthmetc
o= Bridges and Adaptors
©- Clocks; PLLs and Resets
o~ Configuration and Programming
o DMA
Lo}
o Miscellaneo
2 On Chip Memary
#® Avalon FIFO Memory Intel FPGA IP
* Avalon Streaming Dual Clock FIFO
# Avalon Streaming Single Clock FIFO Intel FP
#® Avalon-5T Multi-Channel Shared Memory FI
#® Avalon-ST Round Robin Scheduler Intel FP
® ECC Protected Avalon Streaming Single Clo

In-Chlp Iemary Il (RAM or ROM) Intel FFGA
M 5 P

® RAM 2-PORT Intel FPGA IP
* RAM 4-PORT Intel FPGA IP
® ROM 1-PORT Intel FPGA IP
® ROM 2-PORT Intel FPGA IP
# Shift Register (RAM-based) |
o= Simulation; Debug and Verification

o Bridges and Adapters

o= DSP

o= Generic Component

o= Intel FPGA, Interconnect

o= Interface Protocols

o= Memary Interfaces and Controllers

o= Processors and Peripherals

4 Il

O]

[I Component Instantiation: 0 Errors, 0 Warnings, System

ter
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== On-Chip Memory Il {(RAM or ROM) Intel FPGA IP - intel_onchip_memory_0 x

On-Chip Memory Il (RAM or ROM) Intel FPGA IP

intel_onchip_memary

Nk
[ I rface type 1"
Avalon Memory Mapped | - |
[Tl lemory type
RAM (Writable) -
Dual-port access: SinglePort - i
Block type: AUTD -
™ Clock Enable
Disable Clock Enable when MO Read or Write Activity: |D\sab\ed |v | ml
™ Size
51 Data wickth: 32 |v |
Total memory size: e | 12621 44| I | bytes
[~ Read latency
D Enable Level 1 output register for S1
D Enable Level 2 output register for S1
- |
Parameterization Messages
Type Message

IP folder: |\p\sv§tem H .. | HDL entity name: |onch|p7memorv I

Figure 2-16 Add On-Chip Memory
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% Platform Designer - system* (D:\myfirst_niosv\system.qsys) - Quartus Project: DA\myfirst_niosv\myfirst_niosv - myfirst_niosv - o X
File Ecit System Generate View Tools Help

Fiter 32 i'“' P Catalog 5% | - = O §Z SystemView 22| AddressMap 5% | Exportedinterfaces &3 | Details 5% ‘ o Me % syste 53| comp 3| Domai 2| - #m
: System: system  Path: onchip_memory Syster i
(P | Board

= ] . - HDL entity P
Y X @ [ [@&] [+ [<] [] Cstowsubsyste . []Hide unconnectable nt... | Remove Danging .. name: onchip_memo fille: ip/systemionchip_memol

ystem  Path: onchip_memory

Froject [#] [Use]_o e Any changes here will be writen out to disk when the system is
: New Component... ﬂ -a out_reset Reset Output |
B New Packaged Subsystem. e i i
o Systems [x] El e ronct reicans \Aoliex Rowet ey On-Chip Memory Il (RAM or ROM)
Library =« ninit_done [Reset Output Intel FPGA IP
o~ Basic Functions | B € nios_m Nios V/m Microcq
o~ Bridges and Adapters i -k st ped intel_onchip_memory
DSP ﬂ pu
o~ Generic Component [a] - reset [Reset Input -
o~ Intel FPGA Interconnect L= o
platform_irq_rx Interrupt Receiver RIS =
o= Interface Protocols
& Memory inerfaces arnd Contiiliers =4 instruction_manager |AXi4Lite Manager PR
¢ Processors and Peripherals =& data_manager |AXi4Lite Manager |
o~ Embedded Processors ~
bt Cotnerts B timer_sw_agert |Avalon Memory May 5 = | o
- Hard Processor Systems @l »= dm_agent |Avalon Memory Ma
B gﬂe_f-:focless Communication J B £ jtag_uart JTAG UART Intel Parameterization Messages
¢ Peripherals =|
@ 12C Slave To Avalon-MM Master Bridge Intel FP L (e A Type | Message |
® Interval Timer Intel FPGA P L pisseliput |
o PIG (Parallel 10} intel FPGA P »= avalon_tag_slave |Avalon Memory Ma
® Trace Interface Intel FPGA IP for Lauterbach irer o — y
® Vectored Interrupt Controller Intel FPGA IP [ € onchip_memory lOn-Chip Memory! Q) Presets 2 - m
o~ Universty Program
Existing IP Variants =y [Clock input Presets for onchip_memory
D - st |Avalon Memory Ma
e Reset Input = Show presets for the selected board
. ~]
1 na [] Clear preset fitters
coenmer. [ros <] : .
’ Project
SystemMessages 9% | Generation Messages 53 =] hciNa. o aeaaa breast
Library
Type Path Messagdi] e x
No presets for On-Chip M 11 (RAM or ROM) Intel FP
O & System Connectivity Errors DS o presets for On-Chip Memory Il (RAM or ROM) Intel
@  |platform Designer Tip Please Sync All System Infos before attempting
B = D @ |[system.nios_m.cik nios_m.clk must be connectedto a clock output | _|
@ |systemijtag_uart.cik [ftag_uart.clk must be connectedto a clock output ||| | L] ] [ [»
€ |system.onchip_memory.clk1 onchip_memory.clk1 must be connected to a clock 4| ‘ ‘ ‘ " i
App) Ew lew...
< i | > |
|:| Component Instantiation: 0 Errors, 0 Warnings, System Connectivity: 6 Errors, 3 Warnings l Sync System infos ” & Auto ‘ | ¥l Vaidate System Intearity I ‘ Generate HDL. J

Figure 2-17 Add On-Chip memory Completely

7. Choose Library > Processors and Peripherals > Peripherals > PIO (Parallel 1/0) to open
wizard of adding P1O. See Figure 2-18.

In the PIO(Parallel 1/0) IP window:
a. Rename the HDL entity name to “pio_led”
b. Click Finish

8. Figure 2-19 show the pio_led component is added in the system.
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#a PIO (Parallel I/0) Intel FPGA IP - pio_0

PIO (Parallel I/0) Intel FPGA IP

#a Platform Designer - system* (D:\myfirst_niosv\system.qs

File Edit System Generate View Tools Help

Fiter mlrﬂgc g 2 el
P 1 Board altera_avalon_pio
& X [8]
[Project | Presets for pio_0
8 New Component.. Show presets for the selected board
o New Packaged Subsystem... Width (1-32 bits): 3
o~ Systems Clear preset filters
Library Direction: ) Bidir L] ctear
©- Basic Functions l a xi
o~ Bridges and Adapters ) Input .
o DSP Project
©- Generic Component ) InOut Click New... to create a preset.
©- Intel FPGA Interconnect Library
o= Interface Protocols lers ® Output No presets for PIO (Parallel 1/0) Intel FPGA IP 19.2.3
o Iemory Interfaces and Contro
- Processors and Peripherals Output Port Reset Value: [0x0000_0000_0000_0000
o mbedded Frocessors
©- Hard Processor Components
©- Hard Processor Systems [~ Output Register ]
&= Inter-Process Communication : s
[_] Enable individual bit setting/clearing
# |2C Slave To Avalon-MM Master Bridge Intel FPf
®_Interval Timer Intel FPGA IP [~ Edge capture register 1
D Synchronously capture
race Interface Inf AP for Lauterbach
* Vectored Interruptf@entroller Intel FPGA IP Edge Type: ::I
©- University Program
Existing IP Variants [:| Enable bit-clearing for edge capture register
oD
~ Interrupt ]
[] Generate IRQ
IRQ Type:
Level: Interrupt CPU when any unmasked I/O pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled | Apply | | View | | Delete | | Nerw
Parameterization Messages
< 1 Type
(No mess )
IP folder: fip\system|

Figure 2-18 Add P1O
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7o Platform Designer - system* (D:\myfirst_niosvisystem.qsys) - Quartus Project: D:\myfirst_niosvimyfirst_niosv - myfirst_niosv — O X

File Edit System Gerersle View Tools Help

Fiter &% | ™ |PCatalog 5% = [ar =1 If System View 5 | Address Map % | Exportedirterfaces £ | Details % =l s | Syste 22| Compr 22| Domai 2 = (==
| System: system Path: p\‘o_ied‘ ) ) | System: system P‘mh: p\.o"_ied.
P Board HOL entity W
& |:| D D [[] Show subsystem [] Hide unconnectable int Remove Dangling e pio_led  File: [iplsystemipio_led.p
Project 5 EorTRAIGTE TR Any changes here wil be written out to disk when the system is
W New Component. - reset Reset Input = |
W New Packaged Subsystem... Details
o Systems 8 netiermiea Tx SRl Hece PIO (Parallel I/O) Intel FPGA
Library =8 instruction_manager AXI4Lite Manag P
o= Basic Functions =& data_manager AXI4Lite Manag
o~ Bridges and Adapters altera_avalon_pio
o DSP = timer_sw_agent Avalon Memory
o Generic Component = dm_agert Avalon Memory >
©= Intel FRGA Interconnect i
v B TF jtag_uart JTAG UART Int - i i =
o~ Interface Protocols Jtag_ | [ Basic Settings =
©= Wsmory Interfaces and Controllers = ck Clock Input Wicth (1.32 bits) ‘s
9 Processors and Peripherals = reset Reset Input |
- Embedded Processors - ) ~
o= Hard Processor Components B avalon_ftag slave Avalon Memory - ‘n o T I o
o~ Hard Processor Systems @ =gy Interrupt Sender|
o= Inter-Process Communication O £ onchip_memory On-Chip Mem: Parameterization Messages
¢ Peripherals
® I2C Slave To Avalon-M Master Eridge Intel FP = ol Clockinput | | Type Message |
© Interval Timer Intel FRGA IP g aton Merfory; |
& PIO (Parallel 110) Intel FPGA IP b Bosstlaat
#® Trace Interface Intel FPGA IP for Lauterbach B TF pio_led PIO (Parallel 1/¢ —
® Vectared Interrupt Cortroller Intel FRGA IP = cl Clock Input 0] Presets 52 A
o= University Program
Existing IP Variants s b Presets for pio_led
pers = sl Avalon Memory
»= external connection Congluit =l Show presets for the selected board
il IiE [ Clear preset filters

4]

§§ System Messages < | Generation Messages 5% _em reste a preset.
Type Path Messagt %
or PIO (Parallel 1/0) Intel FPGA IP 19.2.3
'S system.pio_led.s1 pio_led.s1 must be connected to a MM host or exportg a ( )
[ x] & System Connectivity Errors ||
il 0 B @  |Platform Designer Tip Please Syne All System Infos before attempting 1=
Q system.nios_m.clk nios_m.clk must be connected to a clock output
New Adel ﬂ system.jtag_uart.clk jtag_uart.clk must be connected to a clock output I~ ‘ | ‘ | ‘ e | | - |
Apply e slete lew
<] i [ [*]
[I Component Instantiation: 0 Errors, 0Warnings, System Connectivity: 8 Errors, 4 Warnings ‘ Sync System Infos || @ Auto | ‘ a ‘Validate System Integrity | | Generate HDL ‘

Figure 2-19 PIO
B Connect Interfaces and Signals
This section explains two ways to connect components in Platform Designer.
® Method 1: Click on an open connection circle to link compatible interfaces. Once

connected, the line turns black and the circle is filled. Clicking a filled circle will remove
the connection.

= 4F clock_in E £F clock_in
C— = in_clk [ = in_clk
-8 out_clk =& out_clk
B LF reset in B LF reset_in
= Clk = clk

B= in_reset

] -

-8 out_reset - out_reset
= LF reset_release [ {F reset _release
=& ninit_done =& ninit_done

E LF niosv_m E £k niosv_m

Figure 2-20 Connect interfaces and signals (1
® Method 2:

In the Platform Designer window (see Figure 2-21), right-click ninit_done of the
-17
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reset_release component, then select:

Connections: reset_release.ninit_done > reset_in.in_reset

This connects reset_release.ninit_done to reset_in.in_reset, as shown in the figure.

subsystem ... D Hide unconnectable int... Remove Dangling ...

Use Connections Name Reset Output
B £F clock_in Clock Bridge Iy reset_source
(m = in_clk Clock Input

=& out_clk Clock Output
B IF reset_in Reset Bridge ||
= clk Clock Input

C— = in_reset Right'CIiCk Reset Input

=@ out_reset Reset Output
B £F reset_release Mouse Agilex Reset R

=)
[]
[*]
]
0

|~ Parameters

Associated clock:

Associated direct reset:

Associated reset sinks |

k | _1 Export as: reset_release_ninit_d

i B LF nios_m Connect All ] jtag_uart.reset
| = clk Disconnect All nios_m.reset
= reset .
- 7 onchip_memory reset1
=@ platform_irgq_rx W Fiter ? & pio_led reset
=4 instruction_manager u Validate System Integrity / reset_in.in_reset (exported)
=& data’ manager Edit Component Instantiation... ‘
®= timer_sw_agent + Add
* ®= dm_agent e 4 = Dl
B £F jtag_uart = Replace..
»= clk . Rename Ctrl-R
= reset Duplicate Ctrl-D board
l B eset_in Reset Bridge IJ
L 2 > = clk Clock Input
> »= in_reset Reset Input
-@ out_reset Reset Output | _
Bl £F reset_release gilex Reset R
X =& ninit_done eset Output
=] £F nios_m HNios V/m Micr¢
= clk Clock Input

Figure 2-21 Connect interfaces and signals (2)
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Use any of the methods above to connect the components in the system as specified in the table
below.

Component . Connected .
P Signal Name Connected Signal
Name Component
reset_release ninit_done reset_in reset_in.in_reset
. clk clock_in clock_in.out_clk
nios_m = = =
- reset reset_in reset_in.out_reset
clk clock in clock _in.out_clk
. reset reset_in reset_in.out_reset
jtag_uart : - -
avalon_jtag_slave | niosv_m niosv_m.data_manager
irg niosv_m niosv_m.platform_irg_rx
clk clock_in clock_in.out_clk
i sl niosv_m niosv_m.data_manager
onchip_memory - LT =
- niosv_m.instruction_manager
reset reset_in reset_in.out_reset
clk clock_in clock_in.out_clk
reset reset_in reset_in.out_reset
pio_led sl niosv_m niosv_m.data_manager
external_connection Export as:

pio_led_external _connection

Choose external_connection of pio_led and right-click then choose Connections > Export as:
pio_led_external_connection. (See Figure 2-22)
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= Platform Designer - system™ (D:\miyfirst_niosv\system.qsys) - Quartus Project: D:\myfirst_niosv\myfirst_niosv - myfirst_niosv

File Edit System Generate “iew Tools Help
Fiter &% r-‘a IP Catalog &2 = [=f = t: System View 23| Address Map §3| Exported Interfaces &4 | Details §3| = (=} =) E Paran g Systel
ﬁyﬂem: system Path: pio_lec e)hérna\_cnnnec{lnn ' ' System: system  Patl
[P I Board
[ Show subsystem modules i i i
8, x l:‘ l:‘ l:‘ l:‘ |:| Show subsystem module: |:|H|de unconnectable interfaces Remove Dangling Exports

[Project
o New Component...
M New Packaged Subsystem...
o Systems
Library
&= Basic Functions
o= Bridges and Adapters
o= DSP
o= Generic Component
o= Intel FFGA Interconnect
o Interface Protocols
& Memory Interfaces and Cortrollers
¢ Processors and Peripherals
o= Embedded Processors
o= Hard Processor Components
o= Hard Processor Systems
o= Inter-Process Communication
% Peripherals

|E| Name | Description Expor Conduit

Bl £F niosv_m Nio= V/im Microcontroller Intel FPGA IP = conduit_end
= clk Clock Input
B= resct Reset Input —_—
= platform_irg_rx Interrupt Receiver [ Parameters
=8 instruction_manager AXM4Lite Manager associatedClock:
=8 clata_manager AXI4Lite Manager 5
= timer_sw_agent Avalon Memory Mapped Agent [ | ComL
B= cim_agent Avalon Memory Mapped Agent

[ LF jtag_uart JTAG UART Intel FPGA IP
= clk Clock Input
B= reset e RESE INOLT et
B= avalon_jtag_slave 1 _Connections: pio_led external_connection | swml W & ﬁ]llll‘bdas: pio_led_external_connection

Connect Al

B=irg
® 12C Slave To Avalon-MM Master Bridat : Blbts
[ £F onchip_memol e
# Interval Timer Intel FRGA [P 1t P v = -
» PIO (Parallel D) Intel FPGA P = Right-Click ¥ Fiter b
# Trace Interface Intel FPGA IP for Laute gl 1l ! Validate System Integrity
® Vectored Interrupt Controller Intel FPG. B resett |MOLISE
&= University Program B LF pio_led @ Edit Componert Instartiation. ..
E:ls;mg IP Variants -k &+ Add.
B= reset . Replace...
7 II\ I I”I—I Rename Cirl-R
: | [ e)rterr;:l_connedlon I Dlipicaie D
2 Remove
Current filte Details »
Maove Up Ctri+Shift-L
s SystemMessages 00 | Cenerstion Messages 59 | Drill into Subsystem Ctrl+Shift-D
Type Path M  AddNew Subsystemto Current System  Cirl+Shift-tl
T @ 3 Component Instantiation YWarnings n Push Down...
/A, |system.niosv_m System Information doesn't match reguiremen Pull Up
& system.jtag_uart System Information doesnt match reguiremerid Edit Parameters .. Cirl-E
A, |system.pio_led System Information doesn't match requiremen Rename IF Variant File...
" Add Wire-Level Expression
? e 4 System Connectivity Errors
validate Component Footprint

l

Set Design Environment

Show presets for th

[] Clear preset fitters

=

Project

Mo instance selecte
Library

Mo instance selecte

|:| Component Instantiation: 0 Errors, 3 Warnings, System Connectivity: 4 Errors, 0 Warnings

Show Arbitration Shares

Figure 2-22 Setting external_connection of pio_led

Allew Connection Editing

Refer to Figure 2-23 for the final connection configuration.
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(@) [=] [ ][] Oshon

subsystem modules

[ ] Hide unconnectable interfaces

B Clear System Warnings and Errors

Figure 2-23 final connection configuration

Use Connections MName Description Export
[l £E clock_in Clock Bridge Intel FPGA P
= in_clk Clock Input clk
=& out_clk Clock Output
E L{F reset_in Reset Bridge Intel FPGA IP
L —1 = cli Clock Input
— B= in_reset Reset Input
——————— =& out_reset Reset Cutput
[E {F reset_release Agilex Reset Release Intel FPGA IP
— =@ ninit_dane Reset Output
E L£F niosv_m Nios V/m Microcontroller Intel FPGA IP
= clk Clock Input
s = reset Reset Input
— =& platform_irg_r« Interrupt Receiver
— =& instruction_manager AXl4Lite Manager
— -8 data_manager AXl4Lite Manager
— B= timer_sw_agent Avalon Memary Mapped Agent
B= dm_agent Avalon Memary Mapped Agent
B LF jtag_uart JTAG UART Intel FPGA IP
= clk Clock Input
B= reset Reset Input
— B= avalon_jtag_slave Avalon Memary Mapped Agent
B= g Interrupt Sender
[H % onchip_memory On-Chip Memory Il (RAM or ROM) Intel FPG..
= clki Clock Input
B s Avalon Memary Mapped Agent
B= resetl Reset Input
Bl £F pio_led PIO (Parallel I/O) Intel FPGA IP
= clk Clock Input
B= reset Reset Input
— = 5] Avalon Memary Mapped Agent
B= external_connection Conduit pio_led_external_connec..

1. Choose System > Assign Base Addresses as shown in Figure 2-24. After that, you will find that
there is no error in the message window as shown in Figure 2-25.
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%o Platform Designer - system* (D:\myfirst_niosv\system.qsys) - Quartus Project: D:\myfirst_niosv\myfirst_niosv - myfirst_niosv - a X

File Edt

Generate View Tools Help

1
— Board Migration Dialo
< J lr"* faces 3 | Details &% = Systeminf £2 | Componen £2 | Domains &2 -f:o
an Upgrade IP Cores... (Beta) -
= S — System: system _Path: clock_in
T HDL entity name: system_clock_in  IPfile: ip/systemisystem_clock_in.
™ @R 2 =2/t intarrumt Hombers [] Hide unconnectable interfaces Remove Dangling Exports aasy coce > Lol BB o 0P
= Assign Custom Instruction Opcodes Any changes here will be written out to disk when the system is saved.
| 4| Create Global Reset Network Name Description Export :
F Show System with Platform Designer Interconnect  #t Reset Output e[~ | Detaiis |
Remove Dangiing Connections Agilex Reset Release Intel FPGA IP i
e - e aret o Clock Bridge Intel FPGA IP
E L ! Ll [Reset Output altera_clock_bridge
s System Settings Nios V/m Microcontroller Intel FPGA IP
- cli (Clock Input cloc
> reset Reset Input « e E PR
————| = platform_irq_rx Interrupt Receiver el Ao -
———| = instruction_manager |AXIdLite Manager el
——|  =a data_manager |AXi4Lite Manager el Explicit clock rate: 150000000 Hz
¢——|  »= timer_sw_agent |Avalon Memory Mapped Agent clk
et g ¥ Vappedg fexd Number of Clock Outputs: [1
®= dm_agent \Avalon Memory Mapped Agent [clk]
B £ jtag_uart JTAG UART Intel FPGA IP
- clk (Clock Input cloc
» reset Reset Input i)
19——|  »= avalon_tag_stave |Avalon Memory Mapped Agent [chi|—| || |Parameterization Messages
- irg Interrupt Sender ck) e |
B £ onchip_memory On-Chip Memory Il (RAM or ROM) Intel FPG...
- cli (Clock Input . clod] < l‘” ESSE0ES. I 5
- s |Avalon Memory Mapped Agent ekt i
> reset Reset Input et
B € pio_led PIO (Parallel 1/0) Intel FPGA IP 5 csds 0 -8
B=ick [Clock Input [clog Presets for clock_in
- reset Reset Input ek & s ey
Le—s s \Avalon Memory Mapped Agent (e} Gk 0o prma=ia forlhe Kekciad oA
O = external_connection (Condut pio_led_external_connec...| || || [] Clear presetfitters
I I ]
Y X|
¥ : [Alintert
curenmer: [ 7]
Click New... to create a preset
52 | Generation Messages 53 ‘ o =] ey
> = o presets for Clock Bridge Intel FPGA IP 19.2.0
Path Message
[ ] 4 System Connectivity Errors
@  |Platform Designer Tip Please Sync All System Infos before attempting to resolve the following error messages
@  [system.niosv_m.instruction_manager |onchip_memory.s1 (0x0..0x3ffff) overlaps niosv_m.dm_agent (0x0..0xffff)
@  |system.niosv_m.data_manager niosv_m.dm_agent (0x0..0xffff) overlaps jtag_uart.avalon_jtag_slave (0x0..0x7)
@  |system.niosv_m.data_manager onchip_memory.s1 (0x0. 0x3ffff) overlaps niosv_m.dm_agent (0x0..0xffff)
@  |system.niosv_m.data_manager pio_led.s1 (0x0..0xf) overlaps onchip_memory.s1 (0x0..0x3ffff)
[ | [ | [0 ]
] I I [»
|:| Component Instantiation: 0 Errors, 0 Warnings, System Connectivity: 4 Errors, 0 Warnings. I Sync System Infos. “ . Auto H ¥l validate System Integrity ] \ Generate HDL... ]

Figure 2-24 Assign Base Addresses
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#u Platform Designer - system* (E\myfirst_niosvisystem.qsys) - Quartus Project: E\myfirst_niosvimyfirst_niosv - myfirst_niosv - O *
File Edit System Generate Yiew JTools Help
a t: System View &2 I Address Map &% | Exported Interfaces &% | Details &4 | | 4 Para ©%  System! $2 Compore &% | Domains &2 |
t_e System: system  Path: pio_led System: system Path: pio_led
ntity . system_pio_0 = ipfeystemizystem_pio_0.j
: l:‘ l:‘ l:‘ l:‘ |:|:3h-rw subsystem modules |:|Hide unconnectakble interfaces Remove Dangling Exports HISE O [ cShe [PUC | Bhh i LAELEHE
= Any changes here wil be written out to disk when the system is saved.
=5 E‘ Use Connections Mame Description
— E‘ — =8 instruction_manager AI4Lite Manager el
% — =& data_manager A xI4Lite Manager
1% e manad y PIO (Parallel I/O) Intel FPGA IP
[ ] B= timer_sw_agent Wvalon Memary Mapped Agent )
E attera_avalon_pio
o B= dm_agent \Wvalon Memory Mapped Agent
= B <k jtag_uart JTAG UART Intel FPGA IP
[ = clk (Clock Input |«
= = reset Reset Input [* Basic Settings
= avalon_jtag_slave Avalon Memery Mapped Agent | Width (1-32 bits): ‘3
= irg Interrupt Sender
Bl £k intel_onchip_memory On-Chip Memory Il (RAM or ROM) (IR 3 Bidr L
E = clkl (Clock Input ) Input
— = sl Bvalon Memory Mapped Agent
= reset! Reset Input T ) Inout
0 £ pio_led PIO (Parallel 1/0) Intel FPGA IP ® Output -
= ch Clock Input
= reset Reset Input Output Port Reset Value: 0x0000_0000_0000_0000
b= =1 Bvalon Memory Mapped Agent
T B= external_connection (Conduit E |' Output i |
Ll | ] | | 4 | |:| Enable individual bit settingiclearing
Current filter:  |All Interfaces =
|' Edge capture register |
§§ System Messages 2% | Generation Messages i1 | | [ Synchronausly capture -
Type | Path | Message Parameterization Messages
Type ‘ Message
J i@l presets B 3
|:| Component Instantiation: 0 Errors, 0 VWarnings, System Connectivity: 0 Errors, 0 Warnings | Sync System Infos || I Auto ‘ | ! Walidate System Integrity ‘ | Generate HOL..

Figure 2-25 No errors or warnings
B Configuring the Reset Vector of the Nios V Processor

2. Click niosv_m in the component list on the right part to edit the component. Update Reset
Agent and Vector Offset as shown in Figure 2-26.
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% Platform Designer - system” (D:\myfirst_niosv\system.qsys) - Quartus Project: D:\myfirst_niosvAmyfirst_niosv - myfirst_niosv = X

File Edt System Generate View Tools Help

3= SystemView 93| AddressMap 3% | Exportedinterfaces 5% | Details 5% _ = ol % param 8 | Systemint 53 | Componen &% | Domains 53 oo

= System: system Path: niosv_m |System: system _Path: niosv_m
r= D D ﬁ m [[] Show subsystem modules  [] Hide unconnectable interfaces Remove Dangling Exports HOL enfiy hmne: oty mne: Iphysiemiicay. my)
= = — Any changes here will be written out to disk when the system is saved.
B.J Use [ Name Description Export
= 0 B £ clock_in (Clock Bridge Intel FPGA IP ] Details
5 | Qi [oockieut i £ Nios V/m Microcontroller Intel FPGA IP
- out_clk (Clock Output cloc i tiomyom
B £F reset_in Reset Bridge Intel FPGA IP -7
= clk Clock Input cloc
» in_reset Reset Input ek T Vectors A
A ————————| - out_reset [Reset Output et
- Reset Agent:
) £ reset_release |Agilex Reset Release Intel FPGA IP
M - nint_done [Reset Output Reset Offset: 0x00000000 H
B £F niosv_m Nios Vim Microcontroller Intel FPGA IP = \
| = clk (Clock Input cloc = [ CPUATchitecture m
[E e asat [Reset Input ekl \When pipelining is enabled, you beneft from higher instructions per cycle (IPC)
PR ~a platform_irq_rx Interrupt Receiver - When pipelining is disabled, you benefit from lower area and higher frequ ind|
~———| =& instruction_manager AXidLite Manager ek < Il [ X
—| =& data_manager AXidLite Manager e Parameterization Messages
——|  m= timer_sw_agent Avalon Memory Mapped Agert etk Tye e
»= dm_agent Avalon Memory Mapped Agert et
vl B 1 jtag_uart JTAG UART Intel FPGA IP
»- ck (Clock Input cloc
»- reset Reset Input ek || -
| = avalon_ftag_slave |Avalon Memory Mapped Agert el '5 Presets 4 -go
> iq Interrupt Sender ek Presels for ticky:m
B £ onchip_memory On-Chip Memory Il (RAM or ROM) Intel FPG...
p— (Clock Input ctod Show presets for the selected board
- st Avalon Memory Mapped Agert ekt~ || [ clear preset fiters
< Il | [»]
Pl 4 X
[haRE][¥] ) cumentrter: [atmereces -] fraec
‘ l_ Click New... to create a preset
f'?{z System Messages ¢ 1 Generation Messages &1 | -0 lbr?;!pvi-aets for Nios V/m Microcontroller Intel FPGA IP 24.0.0
Type | Path I Message
[ Aoy | [ View.. | [ Delete | _m

D Component Instantiation: 0 Errors, 0 Warnings, System Connectivity: 0 Errors, 0 Warnings | [2) sync System infos H 8 Auto ’ ‘ ¥ Vaiidate System Integrity ‘ ‘ Generate HOL... |

Figure 2-26 Update CPU settings

B Saving and Generating System HDL

3. Click Generate > Generate HDL and then pop a window as shown in Figure 2-27. Click
Generate and then pop a window as shown in Figure 2-28. Click Save and the generation start.
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sa Generation

[~ sy

|
Synthesis files are used to compile the system in a Quartus Prime project.

Create HDL design files for synthesis: :

[ ] Create timing and resource estimates for each IP in your system to be used with third-party EDA synthesis tools.
Create block symhbol file (bsf)

[]IP-xacT

Generate IP Core Documentation

[+ Simulation

The simulation model contains generated HOL files for the simulator, and may include simulation-only features.

Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory.

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the jp-setup-simulation and
ip-make-simscript command-line utilties to compile all of the files needed for simulating all of the IP in your design.

Create simulation model:

Select simulation flow for specific simulators:

ModelSim flow selection:

Select the simulators for which simulation scripts will be generated. If no simulators are selected, simulation scripts will be generated for all simulators.

[]Riviera-PRO
D Keelium

|~ Output Directory

[ ] Clear output directories for selected generation targets.

|~ Parallel IP Generation

If you select this option, Platform Designer performs IP generation with the number of processors defined in the Intel Quartus Prime parallel compilation settings
(Assignments->Settings->Compilation Process Settings).

Use muttiple processors for faster IP generation (when available).

Generate H Cancel

Figure 2-27 Generate Platform Designer

Save changes before refresh? X

Save? Changes to unsaved systems will be lost on refresh.

I Yes| ” No HCancell

Figure 2-28 Save changes

4. Figure 2-29 shows the generate process. If there is no error in the generation, the window will
show successful as shown in Figure 2-30.
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ma Generate X

(] @]~ ©

@ Info: ftag_uart: "Naming system components in system: jtag_uart"

@ Info: tag_uart: "Processing generation queue"

@ Info: tag_uart: "Generating: tag_uart"

@ Info: ftag_uart: "Generating: tag_uart_altera_avalon_jtag_uart_1924_whag3pg"
@ Info: ftag_uart: Starting RTL generation for module 'tag_uart_attera_avalon_jtag_uart_1 924_wbt1

| »

@ Info: tag_uart: Generation command is [exec cmd /c {set LC_ALL=C&& C:/intelfpga_proi24.2/y
@ Info: tag_uart: Done RTL generation for module 'tag_uart_altera_avalon_jtag_uart_1924_wbag
@ Info: tag_uart: Done "tag_uart" with 2 modules, 2 files

@ Info: Finished: Create HDL design files for synthesis

@ Info: Generation of D:/myfirst_niosvip/systemitag_uart.ip (jtag_uart) took 3596 ms

« ] [»]

Generate ﬁ Done reading input file

[ «Ti]

| étgp Il Close I

Figure 2-29 Generate Platform Designer

== Generate Completed X

] B4 @

@ Info: Starting: Create HDL design files for synthesis

@ Info: qsys-generate C:\Users\terasic\Desktop\a\ip\sys\sys_clock_in.ip --synthesis=VERILOG --output-d
@ Info: sys_clock_in: "Transforming system: sys_clock_in"

@ Info: sys_clock_in: "Naming system companents in system: sys_clock_in"

@ Info: sys_clock_in: "Processing generation queue”

@ Info: sys_clock_in: "Generating: sys_clock_in"

@ Info: sys_clock_in: Done "sys_clock_in" with 1 modules, 1 files

@ Info: Finished: Create HDL design files for synthesis

@ Info: Generation of C:/Users/terasic/Desktop/alip/sys/sys_clock_in.ip (sys_clock_in) took 1657 ms

@ Info: Starting: Generate IP Core Documentation

@ Info: No documentation filesets were found for components in sys. No files generated.

@ Info: Finished: Generate IP Core Documentation

@ Info: Finished: Platform Designer system generation

<] Il l [»

&) Generate: completed successfully.

|»

Ki|

| stop || _[ciose ]

Figure 2-30 Generate Platform Designer Completely

5. Click Close and File > Exit to exit the Platform Designer and return to the window
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2.1.3 Configuring Assignment and Constraint

1. In Quartus, choose File > New to open new files wizard. See Figure 2-31.

ik Quartus Prime Pro Edition - E;/myfirst_niosv/myfirst_niosv - rr

Iii Edit View Project Assignments Processing Tools

niosv
Dpen... Ctrl+0

B Close Ctrl+F4 Q

E5 New Project Wizard... Entity
<% Open Example Project...
% Open Project.. Ctrl+J
Save Project

Closg Project

& save Ctrl+5
Save As
Gn save All Ctrl+Shift+s

File Properties...
Create [ Update 3

Export...

Figure 2-31 New Verilog file

2. Choose Verilog HDL File (Figure 2-32.) and click OK to return to the window as shown in
Figure 2-33. Figure 2-33 show a blank verilog file.

B New X

E MNew Quartus Prime Project
« Design Files
A EDIF File
% Platform Designer System File
a State Machine File
E{? SystemVerilog HDL File
@ Tel Script File

b yerilog HDL File
T WHDL File
~ Memory Files
@ Hexadecimal (Intel-Format) File
n@) Memory Initialization File
« Verification/Debugging Files
{31 In-System Sources and Probes File
[:} Logic Analyzer Interface File
@~ signal Tap Logic Analyzer File
+ Other Files
@ Chain Description File
B power and Thermal Calcularor File

Figure 2-32 New Verilog File
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Ok Quartus Prime Pro Edition - E JSmyfirst_niosw/myfirst_niosv - myfirst_niosv

File Edit View Project Assignments Processing Tools Window Help

EEE -0 OC | myfistniosv MR N P KO OBLOWY =
Project Navigator QYe®| | @& Compilation Dashboard @ veriogiv @
Instance Entity - - | o= -
2, Agilex 5: ASEDO6SBBIZAE4SRO PN EE ade YE G Y
- myhrsl_mosvi!‘ i

Figure 2-33 A blank verilog file

3. Type verilog the following script as shown in Figure 2 44.

module myfirst_niosv

(
CLOCK_50,
LED
)5
input CLOCK_50;

output [3:0] LED;
wire [3:0] pio_led;

assign LED = ~pio_led;
system system_inst (
.clk_clk (CLOCK_50),

.pio_led_external_connection_export (pio_led)

)s

endmodule
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G Quartus Prime Pro Edition - D:/myfirst_niosv/myfirst_niosv - myfirst_niosv
Eile Edit

=0 ~

Project Navigator

View Project Assignments Processing Tools Window Help

A . . »
n : |O myfirst_niosv v

Q@ | § verlogzv B

rr e ORSQ

Instance Entity

il 267 =
=, Agilex 3: A3CZ135BB18AE7S " w { } —_— — m W m % E 268 == ’
® myfirst_niosv g5 ]2_ rgodu'le myfirst_niosv
3 CLOCK_50,
4 LED
5 );
6 input CLOCK_50;
7 output [3:0] LED;
8 wire [3:0] pio_led;
9
10 assign LED = ~pio_led;
11
12 system system_inst (
13 .clk_clk (CLOCK_50),
14 .pio_led_external_connection_export (pio_Tled)
15 b
16
17 endmodule
18
= Hierarchy ﬁ Files .'i' Design Units “ IP Components

Tasks 1@ 6

Figure 2-34 Input verilog Text

4. Choose Save Icon in the tool bar. There will appear a window as shown in Figure 2-35.

Makesure the file name is myfirst_niosv.v and click Save.

Save As X
1T > ThisPC > D (D) > myfirst_niosv ~ Q) Search myfirst_niosv P
Organise * New folder = - e
W This PC - Name Date modified Type
_# 3D Objects .gsys_edit 2025/6/8 T4 11:27 File fold
[ Desktop db 2025/6/8 T4 11:27 File fold
@ Documents dni 2025/6/9 k4 04:38 File fold
& Downloads ip 2025/5/9 £ 12:05 File fold
i output_files 2025/5/9 £ 01:43 File fold
J” Music
qdb 2025/6/9 L4 04:38 File fold
= Pict
= rietures software 2025/5/9 F7F 01:53 File folg
B vigeos system 2025/5/9 L4 12:29 File fold
& Local Disk (C) tmp-clearbox 2025/5/9 £ 01:03 File fold
- D (D2
- D (D:
®) L 4 >
File name: | myfirst_niosv.v —
Save as type: Verilog HDL Files (*.v *vlg *.verilog) »
Add file to current
~ Hide Folders project S Canes|
Figure 2-35 Save Verilog file
-29
ter www.terasic.com

WWW.terasic.com




Imaslc

2.1.4Compiling the Quartus Prime Software Project

1. Choose Processing > Start Compilation as shown in Figure 2-36. Figure 2-37 shows

compilation process.

(O Quartus Prime Pro Edition - Dy/myfirst_niosw/myfirst

File Edit Wiew Project

=R -
Project Navigator
Instance
4, Agilex 3: A3CZ135BB18AE75
} "F myfirst_niosv g3

Assignments

A

T

niosv - myfirst_niosv

Tools

Window Help

Stop Processing

O

Entity

Quit Monitoring
Start Compilation
Start Optimization Mode Compilation
Start

Update Memory Initializaticn File

Start Pre-Synthesis IBIS

Ctrl+Shift+C

2 0> Ve OR

‘@' myfirst_niosv.v [£)
WL OE

iosv

2867 | =
268 | =

4

L) Compilation Report Ctrl+R
& Compilation Rep 0CK_50;
@ Compilation Dashboard Ctrl+Shift+r =D}
e 0_led;
9
10 assign LED = ~pio_led;
11
12 system  system_inst (
13 Lclk_clk (CLOCK_50),
14 .pio_led_external_connection_export (pio_led)
15 bH
16
17 endmodule
18
1 »
‘3% Quartus Prime Pro Edition - Di/myfirst_niosw/myfirst_niosv - myfirst_niosv = [m} *
myfi i i
File Edit View Project Assignments Processing Iools Window Help search )
N N i - - &L 2L N 1 .
I BEE Ak OC st GG 0r vV LOORAQES W
I
|Project Navigater Q1@ ® | @ compilation Dashboard [ | 4§ myfirst_niosvy [] P Catalog a8
| Instance Entity Ms needed [=A-BAls 1 o\\-.-m;y» =
i Agilex 3: A3CZ135BB1BAETS *  Project Overview T mstalled 1P
|+ P myfirst_niosv g3 3124.1 (0.5) 36/ Project Directary
Compilation Flow: B R
No Selection Available
Ei% > n Library
I p P IP Generation Basic Functions
| 2% |- » A & Bridges and Adaptors
d : iy Fp " $ozajeca .
i Hierarchy | [ Files | @i Design Units IP Components & Interface Protocols
| 0% | - LO0a G N
Memory Interfaces and Controllers
Tasks f@m E c0 Erocessors and Peripherals
Project A ] om | . & u s Program
! Revisions.. < Verification
Project Files & .
B | 0% L0049 @ search for Partner 1P
..
Open.. | 0% ® AF
Add/Remove Files in Project... . e
B platfnrm Desisner bl | ] + Add..
® -
(107? [U)Q p p [u) f <<Filters> v Use Regular Expressions Show Non-matching | AMEind.. | | A%Find Next
message Message ID/~
VHDL info at altera fabric_endpoint.vhd(126): executing entity "altera fabric_endpoint(send width=0,receive width=1,settings="{fa.
inf 1 fabri dpoi hd( )l i i "al fabri dpoint(send_widch: i idth i “{f 19337
@ verilog HoL info at system_ altera avalon_sc_fifo_1932_22gxxgi.v(127): extracting raM for identifier 'infer_mem’ 22567
@ verilog HoL info at system_ altera avalon_sc_fifo_1932_22gxxgi.v(127): extracting raM for identifier 'infer_mem’ 22567
@ verilog HoL info at system_ altera avalon_sc_fifo_1932_22gxxgi.v(127): extracting raM for identifier 'infer_mem’ 22567
@ verilog HoL info at system_altera avalon_sc_fifo_1932_22gxxgi.v(127): extracting raM for identifier 'infer_mem’ 22567
P =
4 r
g System(5) | Processing (42)
33% 't 00:00:21
te
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2. A window that shows successfully will appear as shown in Figure 2-38.

[ Ok Quartus Prime Pre Editicn - Defryfirst_niosv/myfirst_niosw - myfirst_niosw

File Edit View Project Assignments Processing Tools Window Help [E— ©
i o T - - & & L O Il 7
CEBEE AR OO [mso S OGG20r vV LOORBL QWS
I
|Project Navigator QU+ ® | @ compilation Dashboard [ | @ myfirst_niosvar [ Py te®
| Instance Entity Ms needed [=A-B4ls L Q =<<Filter>> =
4 Agilex 3: A3CZ135BB1BAETS ¢ e EEsaTEs - @ Installed IP
b+ T myfirst_niosv g5 3124.1 (0.5) 36 - ~ Project Directory
ComedanonFioy. No Selection Available
B Compile Design 00:03:41 - Library
I Ve P IP Generation 00:00:00 } Basic Functions
e P Analysis & Synthesis & 00:00:47 b Bridges and Adaptors
s P Analysis & Elaboration & af Q) ¢ @8 = 000040 '+ DsP
P b Synthesis LOEE 00:00:07 } Interface Protocols
i > ol ) pY } Memory Interfaces and Controllers
p Eorly Timing Analysi:
0 v = ory fming Anciysis ':' } Processors and Peripherals
# Hierarchy | [l Files  gi" Design Units 4 Ip Components = b Fitter < oo0212 b University Program
P Fitter (Implement) L4 } Verification
Tasks HE & » Plan &0 aQ 00:00:39 © search for Partner IP
Project 3 P Place & 4G 00:00:38
i Revisions... M o
Project Files b Route ¢ G 000037
B new. P Retime & 09 00:00:06
Open.. P Fitter (Finalize) &S0 9§ 00:00:18
= i )
ks Add/Remove Files in Project.. £ B Fost Forward Timing Closure Recommendations =1
B Platform Designer = "_'
24 1P Catalog e W Timing Analysis (Signoff) &0 00:00:06 4 »
Assignments = o ~ | + add
® -
[18106) [u}g ) @ © ! <<Filters> v Use Regular Expressions Show Non-matching | MAFind.. | |MA#jFind Next
Message Message ID|~
@ Loading "final” snapshot for partition "root_partition”. 16734
@ Loading "final” snapshot for partition "auto_fab_0". 16734
@ successfully loaded final database: elapsed time is 00:00:02. 16678
@ using cvpP Hash 8988779 512c10516bce8c74f Tazees95729d3c1d4 cdb68bb019dc13b10772d3 20553
¥ oquartus Prime Assembler was successful. 0 errors, 0 warnings
@ auartus prime Full compilation was successful. 0 errors, 9 warnings 21793

System (10} Processing (1615)

Messages

100% 00:03:41

Figure 2-38 Compilation project completely

3. Choose Assignments > Pin Planner to open pin planner as shown in Figure 2-39. Figure 2-40
show blank pins.

[ ik Quartus Prime Pro Edition - Di/myfirst_niosw/myfirst_niosv - myfirst_niosv

File Edit Miew Project sl Processing Tools Window Help

' Device...
R=EE -~
| { < Settings... Ctrl+shift+E

iProject Navigator & ~ssignment Editor Ctrl+Shift+A
| Instance ’

&, Agilex 3: A3CZ135BB18AE
| ¥ NF myfirst_niosv g5

Planner Ctri+Shift+N

Eemove Assignments...

E, Back-Annotate Assignments...

Import Assignments...

Export Assignments..
Logic Lock Regions Window Alt+L
&5 Design Partitions Window Alt+D
1 L4 =
Hierarrhu B Files =i Nesion Hnits £ IP Comnonents =

Figure 2-39 Pins menu
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¥  MNamed: | *

& @ Node Name
i out | ED[3]
oul | Ep[2]
oul | Ep[1]
°ut | ED[O]
N CLOCK_50
N altera_reserved_tck
altera_reserved_tdi
= dltera_reserved_tdo
N altera_reserved_tms
<<new node>>

o
n

uﬁt

Tl a»

eDirection glfo Bank
Output

Output

Output

Output

Input

Input

Input

Output

Input

e Location

Figure 2-40 Blank Pins

4. Input Location value as shown in Figure 2-41.

(¥  Named: | *

& @ Node Name
i out | Ep[3]

oul | Ep[2]

out | Fp[1]

°ut | ED[O]
n  CLOCK_50
N altera_reserved_tck
altera_reserved_tdi
altera_reserved_tdo
= altera_reserved_tms
<<new node>>

-
in
=
out
-
in

5. Close the Pin Planner.

MEEE:$
e Direction e Location 9 1/O Bank
Output PIN_AF2 6H
Output PIN_AF1 6H
Output PIN_AM6 6H
Output PIN_AG2 6H
Input PIN_K43 3AT
Input
Input
Dutput
Input

Figure 2-41 Set Pins

6. Restart compilation the project.

Edit:

@) Fitter Location
PIN_K35
PIN_A22
PIN_A19
PIN_B29
PIN_K40
PIN_AA48
PIN_AA49
PIN_AD4S
PIN_ADA49

L7

Edit:

@) Fitter Location €
PIN_K35

PIN_A22

PIN_A19

PIN_B29

PIN_K40

PIN_AA48

PIN_AA49

PIN_AD4S

PIN_ADA49

2.2 Download Hardware Design to Target FPGA

This section describes how to download the configuration file to the board.

Download the FPGA configuration file (i.e. the SRAM Object File (.sof) that contains the NIOS V

standard system) to the board by performing the following steps:

1. Connect the board to the host computer via the USB download cable.

2. Apply power to the board.
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5. Choose Tools -> Programmer in Quartus.

6. Click Hardware Setup in the top, left comer of the Programmer window. The Hardware Setup
dialog box appears.

7. Select Atum A3 Nano from the Currently selected hardware drop-down list box.

Note: If the appropriate download cable does not appear in the list, you must first install drivers
for the cable. Refer to Quartus Prime Pro Help for information on how to install the driver. See
Figure 2-42.

-st_niosy - m rov o - = O X

isin, indow Help : % Programmer - Dt/myfirst_niosv/myfirst_niosv - myfirst_niosv - [myfirst_niosv.cdf] = m] X
enerate Simulator Setup Script for IP... . = Help |I‘:=a'c\‘ e
m aunch Simulation Library Compiler 4 Q a
unch Design Space Explorer Il i é Hardware Setup... | Atum A3 Nano [USB-1] Mode: | JTAG - Progress: :
fsiges n Simulation 4 Enable real-tigge ISP to allow background programming when available
ing Analyzer Tl
31241 0 4 Hardware Setup X
> Wi start
6 D lan T output_files/r rdware Settings | JTAG Settings
tion | w mming hardware setup to use when programming devices. This programming
| Auto Detect lies only to- S
b R Synt No hardware
& si Eis &F elcte Currently selected har M Atum A3 Mano [USB-1]
- .
B se =55 || % AddFile...
o = g A s Hardware frequency: 15000000 Hz
ng Ar
¥ change File.
Shageshlcs V| Auto-adjust frequency at chain scanning
umply Bl saveFile Available hardware items
- .
Add Device... Hardware Server Port Add Hardware...
" —Tr By - Atum A3 Nano Local USB-1
Il facti =
45> Fault Injection Debugger e % Down —>:
I H
¢r Configuration Debugger A l. H
Final|
) Signing and Encryption Assistant
gning and Encryption Assistan
A g rard T| A
System Debugging Tools » i TDO
alysis| —
Power and Thermal Calculator
af 1P Catalog |
feres é Platform Designer Use I|
Example Design Manager | 1 Close
|
parg Tel Scripts... c
- 4 ® 16734 |

Figure 2-42 Hardware Setup Window

15. Turn on the Program/Configure option for the programming file. (See Figure 2-43 for an
example).

16. Click Start.
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! % Programmer - Dy/myfirst_niosv/myfirst_niosv - myfirst_niosv - [myfirst_niosw.cdf]*® — O x

File Edit Wiew Processing Tools Window Help Search e
;Hardware5etup... Atum A3 Nano [USB-1] Mode: | JTAG - Progress: 100% (Successful) E [

Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP

plhStart onfisure Check Bit CLAMP
hston output_files/m... A3CZ135BB18A 063CDB4E FFFFFFFF

M Auto Detect
Delete
. Add File...
Hh Change File...
b Save File

* add Device...

TEIIII:\

TDI

%pown 4

EEEEEEEER
A3ICZ135BB18A
TDO

L

Figure 2-43 Programmer

The Progress meter sweeps to 100% after the configuration finished. When configuration is
complete, the FPGA is configured with the Nios V system, but it does not yet have a C program in
memory to execute.
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Chapter 3
Ashling RiscFree IDE
Build Flow

This chapter covers the build process for C software programs targeting the Nios V processor. The
Ashling RiscFree IDE for Altera FPGAS provides an easy-to-use graphical user interface (GUI) that
automates the build process and the management of CMakeL.ists.txt files. The IDE also integrates a
text editor and a debugger.

In this chapter, you will use the Ashling RiscFree IDE for Altera FPGAs to compile a simple C
example program, which will run on a standard Nios V system configured on the FPGA of your

development board. You will create a new software project, build it, and execute it on the target
hardware. You will also learn to edit the project, rebuild it, and initiate a debugging session.

3.1 Create the hello_world Example Project

In this section you will create a new NIOS V C/C++ application project. To begin, perform the
following steps:

B Creating a Board Support Package

1. In Quartus Prime, select File > Open to open system.gsys, as shown in the figure below.
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X
> This PC > Data (D) > myfirst_niosy v C Search myfirst_niosw »
Jlder =- 0 @
ame ate modifie e ize
O N D dified Typ 5
Lgsys_edit 2025-08-20 1:40 PM File folder
dni 2025-08-20 2:38 PM File folder
ip 2025-08-20 1:40 PM File folder
output_files 2025-06-20 2:52 PM File folder
qdb 2025-08-20 2:52 PM File folder
system 2025-08-20 2:05 PM File folder
tmp-clearbox 2025-06-20 2:49 PM File folder
D myfirst_nioswy 2025-08-20 2:38 PM V File 1KB
|' D system.qsys 2025-06-20 2:04 PM QSYS File 405 KB
() Add file to current Open as: Auto v
project
name: ‘systemqsys \/‘ Design Files {*whd *wvhdl *vhdp ~

Cancel
Figure 3-1 Open .gsys

2. Click File > New BSP to create a new BSP, as shown in the figure below.

<& Platform Designer - system (D:\myfirst_niosv\system.qgsys) - Quartus P1

Eile| Edit System Generate View Tools Help

New System... Ctri-N
New IP Variant...
New Component...

Interfaces &

Select Quartus Project... [] Hide un

Open... Ctrl-O
Save Ctrl-S Name

New BSP...

ave

Export BSF as Tcl script

Export System as Platform Designer script (.tcl)...
Package System as Packaged Subsystem (.qcp)...
Load Pin From Quartus Project t
Refresh System F5 et
Refresh System and Reload All Components Cirl-F5  please
ne

Synchronize IP File References

Archive System...
Restore Archived System...

Browse Project Directory...

_irq_rx
on_manager
Exit AtF4  |anager

Recent Projects

v

»= timer_sw_agent
B= dm_agent
[wl [ It itaa uart

Figure 3-2 Creating a new bsp

- 36

www.terasic.com

WWW.terasic.com




Iﬂaslc

3. Create a software folder and a bsp subfolder within it. Name the file settings.bsp and click
Create, as shown below.

sa New Platform Designer BSP

3 asys_edit
|j dni

Look In:

| soﬂware
output files

kb

[ system

[T tmp-clearbox

File Name: [ \ |
.

Files of Type: |BSP Settings File (*.bsp) \ | - |

Cancel

#a New Platform MSlgne/ X

Loak In: ||j soﬂware =
Lﬁ [EE] p—

N

File: Name: \ ||

Files of Type: |BSP Settings File (* bsp) \ | = |

ol

sn New Platform Designer BSP X

o e BIEIEEE

oo
[=1=]

File Mame: I |seﬂlngs bsp I |
"-..._

Files of Type: |BSP Settings File (* | bsp) | - |

I [ =

Figure 3-3 Creating a new bsp

-37

www.terasic.com

WWW.terasic.com




Imaslc

4. Inthe System File field, browse to and select system.gsys, as shown below.

<& Create New BSP X

[ System | IP Variant |[{ BSP Editor

Select BSP setting file to open

BSP setting file [D:\myfirst_niosV\software\bsp\settings.bsp | v [:]
System file (.qsys, .ip) |‘D:/myfirst_nlosv/software/bsp Ll -
Quartus project: [D:\myrirst_nioS\/\mytirst_niosv.qpf D =
Revision: 2 Open

CPU name

Look In: ||j myfirst_niasv

Operating system

[t
|: [ .gsys_edit [ tmp-clearbox
4
=3 dni D system.qgsys
BSP target directory [ Hip
O = output_files
(=] qdb
Additional Tcl script
g E (= software
(=] system
'+, Platform Designer system is not specified. Create or sp|
File Name: [system.qsys

Files of Type: IPlatform Designer System Files (*.qsys)

e ] [omen |

Figure 3-4 Select system file

5. Click Create to generate the BSP.

«4 Create New BSP

System | IP Vvariant | BSP Editar

Select BSP setting file to open

BSP setting file |D:\myl‘\rstﬁniosv\soﬂware\bsp\settmgs bsp |v| I:| -
System file (.gsys, .ip) |D:fmy|‘\rst7niosvfsystem.qsys |'| :
Quartus project |D-\mynrst_ninsv\myrirst_ninsv apf |v| |:| -
Revision: |myﬂrst_nmsv |v| 5

CPU name [riosv_m |~

Operating system |Altera HAL |v| Version ‘defau\t ‘v|

Use default locations

BSP target directary | [-] I:|

[_] Enable Additional Tcl script

Additional Tcl script | | | I:I

Figure 3-5 Creating bsp
-38

ter

WWW.terasic.com

www.terasic.com




asicC

6. Double-click the BSP Editor tab to maximize it, as shown below. Click Generate BSP.

Parameters &% IE B! or 28' BSP Drivers KE‘ B ]

To Create/Open BSP, go to File Menu

["Main | BSP Software Packages | BSP Linker Script | BSP Enable File Generation | BSP Target Directory |

BSP Settings : D:myfirst_niosvisoftware\bsp\settings.bsp
BSP System file: D:\myfirst_niosvisystem.qsys
CPU name: niosv_m
Operating system: Altera HAL
Target directory: D:Amyfirst_niosvisoftware\bsp
¢ Settings 7 hal |-
¢ Common E 3 .
¢ hal 3 max file descriptors: 32
sys_clk_timer
t\rgeslamp_tlmer § [_] enable_instruction_related_exceptions_api
stdin ]
stdout 3 [] use_dfl_walker
stderr 4 . [— L
enable_reduced_device_drivers dfl start address: '14[ F
enable_sim_optimize 7 _
¢ linker 4 log port
enable_exception_stack 4
exception_stack_size enable_exit
exception_stack_memory_region_nam
use_picolibc enable_clean_exit L
make
¥ cflags_debug [_] enable_runtime_stack_checking
cﬂagsiupnn}\zatlon enable_c_plus_plus
cflags_warnings :
enable_cflag_fstack_protector_strang i [_] enable_lightweight_device_driver_api
enable_cflag_wformat_security gl
¢ Advanced log flags:
¢ hal A
max_file_descriptors E sys_clk_timer:
enable_instruction_related_exceptions_api 4
use_dfl_walker timestamp timer:
dfl_start_address 2
log_port 1 stdin:
enable_exit 4
enable_clean_exit stdout:
enable_runtime_stack_checking 2
enable_c_plus_plus .
enable_lightweight_device_driver_api ST
log_flags
¢ linker O enable_reduced_device_drivers
allow_code_at_reset o
enable alt 10ad [_] enable_sim_optimize
< Il [1»] || hallinker et
[ Infarmation t Problems }/ Processing \
&y FINISMEU 04Uy BSF SECUU Mappings Mor SEwngs e 7
(@ Setting "hal linker.exception_stack_memory_region_name" set to "onchip_memory" ™
@ Loading drivers from ensemble report.
@ Mapped module: "niosv_m" to use the default driver version.
@ Mapped module: "jtag_uart" to use the default driver version
(@ Mapped module: "pio_led" to use the default driver version
@ Finished loading drivers from ensemble report.
@ Loading BSP settings from settings file.
(@ Default memory regions will not be persisted in BSP Settings File.
@ Generated file "D:\myfirst_niosvisoftware\bsp\settings bsp"
Generate BSP

Figure 3-6 Creating bsp

7. Launch Nios V Command Shell from the Start Menu.

-39

www.terasic.com

WWW.terasic.com




Imaslc

Q  Search for apps, settings, and documents

All
Altera 25.1.0.129 Pro Edition
New

Design Space Explorer Il (Quartus Prime Pro 25.1)
New

Q

Device Installer (Quartus Prime Pro 25.1)
New

&

EDA Simulation Library Compiler (Quartus Prime Pro 25.1)
New

In-System Memory Content Editor (Quartus Prime Pro 25.1)

In-System Sources and Probes Editor (Quartus Prime Pro 25.1)

Logic Analyzer Interface Editor (Quartus Prime Pro 25.1)

Nios V Command Shell (Quartus Prime Pro 25.1)
New

Programmer (Quartus Prime Pro 25.1)

Programmer (Quartus Prime Pro 25.1)
New

Quartus (Quartus Prime Pro 25.1)
New

Signal Tap (Quartus Prime Pro 25.1)

r R QG CGH|vV RIS

K RE System Console (Quartus Prime Pro 25.1)

Figure 3-7 Launch Nios V Command Shell

8. Run the command below to switch to the working directory (see Figure 3-8).

cd /d <myfirst_niosv path>

Nios V Command Shell (Quari X + v

Entering Nios V shell
Microsoft Windows [Version 10.0.26100.2314]
(c) Microsoft Corporation. All rights reserved.

[niosv-shell] C:\Users\Terasic\AppData\Local\quartus> cd /d D:\myfirst_niosy|

Figure 3-8 Switch working directory

9. Run the commands shown to create the application (see Figure 3-9).

mkdir software\app

echo #include "<stdio.h”> > software\app\hello_world.c

echo int main() {printf("Hello from Nios VI\n");} >> software\app\hello_world.c
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niosv-app --bsp-dir=software/bsp --app-dir=software/app --srcs=software/app/hello_world.c --elf-name=hello_world.elf

Nios V Command Shell (Quarl X + v

Entering Nios V shell
Microsoft Windows [Version 10.0.26100.2314]
(c) Microsoft Corporation. All rights reserved.

[niosv-shell] C:\Users\Terasic\AppData\Local\quartus> cd /d D:\myfirst_niosv

[niosv-shell] D:\myfirst_niosv> mkdir software\app

[niosv-shell] D:\myfirst_niosv> echo #include “<stdio.h"> > software\app\hello_world.c

[niosv-shell] D:\myfirst_niosv> echo int main() {printf("Hello from Nios V!\n");} >> software\app\hello_world.c
[niosv-shell] D:\myfirst_niosv> niosv-app —--bsp-dir=software/bsp --app-dir=software/app --srcs=software/app/hello_world.
c ——elf-name=hello_world.elf

2025.06.20.15:03:33 Info: ELf name is set to "hello_world.elf".

2025.06.20.15:03:33 Info: "software\app\CMakelists.txt" was generated.

[niosv-shell] D:\myfirst_niosv>

Figure 3-9 Creating application
B Importing Projects into Ashling RiscFree IDE for Altera FPGAs

1. User need to install WSL in your windows system.
2. Launch Ashling RiscFree IDE for Intel FPGAs from the Start Menu.

Altera 25.1.0.129 Pro Edition
New

\ Ashling RiscFree IDE for Intel FPGAs 25.1

Design Space Explorer Il (Quartus Prime Pro 25.1)
New

Q

Device Installer (Quartus Prime Pro 25.1)
New

EDA Simulation Library Compiler (Quartus Prime Pro 25.1)

In-System Memory Content Editor (Quartus Prime Pro 25.1)

In-System Sources and Probes Editor (Quartus Prime Pro 25.1)

Logic Analyzer Interface Editor (Quartus Prime Pro 25.1)

e Nios V Command Shell (Quartus Prime Pro 25.1)

'l l' Programmer (Quartus Prime Pro 25.1)

New

Figure 3-10 Select Workspace

Note: If the user does not see the Ashling RiscFree IDE Shortcut in the Quartus 25.1 Pro folder of
the Windows Start Menu, please refer to the link below to resolve the issue : Resolving the Missing
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Ashling RiscFree IDE Shortcut in the Quartus 25.1 Pro Start Menu

3. Then click Launch Set the workspace as shown in Figure 3-11, then click Launch.

£ Ashling RiscFree™ IDE Launcher

Select a directory as workspace

Ashling RiscFree™ IDE uses the workspace directory to store its preferences and development artifacts.

] X

i D:\myfirst_niosv\software{

v | | Browse...

[] Use this as the default and do not ask again

Cancel

Figure 3-11 Select Workspace

4. Choose File->Import Nios V CMake Project to open the Import Window.

& software - Ashling RiscFree™ IDE = [m} X
File Edit Source Refactor Navigate Search Project Run Window Linux Help
New Alt+Shift+N > VIR i@y By [y O i ryO Y RiB S Biw|g
Open File.. Q ®||E
i Open Projects from File System... = B % Outline X @BuildT.. = B
Recent Files >
Close Editor Ctrl+W There is no active editor that
Close All Editors Ctrl+Shift+W provides an outline.
Save Ctri+S
Save As..
Save All Ctrl+Shift+S
Revert
Move...
Rename... F2
&] Refresh 5
Convert Line Delimiters To >
Print.. Ctrl+P
3 Import.. Import Nios V CMake based project
“#  Import Nios V CMake project...
1 Export...
Properties Alt+Enter
Switch Workspace >
Restart
Exit
[22 Problems X & Tasks & Console [ Properties Yy § =8
0 items
Description - Resource Path Location Type
ter www.terasic.com
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Figure 3-12 Import Nios V CMake Project
5. In the Import Window, make sure the following things:
e Browse and select the bsp project folder.

e Give the project a name. (bsp is default name)

£ |mport O X

Import Existing Code
Import Nios V CMake based project.

Project name:

‘ bsp ‘

Nios V CMake project location :

’ D:Amyfirst_niosv\software\bsp ‘ I Browse... |

Finish Cancel

Figure 3-13 Ashling RiscFree IDE Import Project Wizard

6. Click Finish. The Ashling RiscFree IDE import the bsp project and returns to the Nios V C/C++
project perspective. See Figure 3-14.
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£ software - Ashling RiscFree™ IDE - O *
File Edit Source Refactor Mavigate Search Project Run Window Linux Help
- I - @ - New Connection... v &t i | ~iBiw | AN NCEASE RN RIS IR
I - - ¥ ¥ o v| 4 Q @” %
I Project Explorer x = g = 0 g=0. ¥ @Bu. = O
==
I bsp There is no active editor that

provides an outline.

|#] Problems 3 J£] Tasks B Console [ Properties 7 § = 8
0 errors, 1 warning, 0 others
Description Resource Path Location Type

4 Warnings (1 item)

Figure 3-14 Ashling RiscFree IDE C++ Project Perspective for bsp

7. Choose File->Import Nios V CMake Project to open the Import Window.

8. In the Import Window, make sure the following things:
e Browse and select the app project folder.

e Give the project a name. (app is default name)
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£ |mport O X

Import Existing Code
Import Nios V CMake based project.

Project name :

|app |
Nios V CMake project location :

’ D:A\myfirst_niosv\software\app ‘ E Browse...i

Finish Cancel

Figure 3-15 Ashling RiscFree IDE Import Project Wizard

9. Click Finish. The Ashling RiscFree IDE import the app project and returns to the Nios V
C/C++ project perspective. See Figure 3-16.

£ software - Ashling RiscFree™ IDE - m} X
File Edit Source Refactor Mavigate Search Project Run Window Linux Help
[wi &7 | ®m-%-& -4 New Connection R R R S-S0 ®
B i e G| Q i® B
= 13 = 0 g0. x @Bu. = O
=S

There is no active editor that
provides an outline.

L'_ Problems X J£| Tasks B Console [C] Properties Ff‘ g =0
0 errors, 2 warnings, 0 others
Description Resource Path Location Type

& Warnings (2 iterns)

Figure 3-16 Ashling RiscFree IDE C++ Project Perspective for bsp and app
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When you import the project, the Ashling RiscFree IDE add two new projects in the Projects
Explorer tab:

m app is your C/C++ application project. This project contains the source and header files for your
application.

m bsp is a system library that encapsulates the details of the Nios V system hardware.

3.2 Build and Run the Program

In this section you will build and run the program to execute the compiled code.

1. Before building the project, we would like to confirm with you that the .sof file (hardware
design file) in the Quartus project has been downloaded (refer to Section 2.2).

2. To build the program, right-click the app project in the Projects Explorer tab and choose Build
Project. The Build Project dialog box appears and the IDE begins compiling the project.
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& software - Ashling RiscFree™ IDE

Eile Edit Source Refactor Navigate Search Project Run Window Linux Help
i g 110 AU A & New Connection.. vIiNR B

v v & v v

25 Project Explorer X ESY § =0

v i app
New >

Go Into

RS

B Open in New Window
Show In Alt+Shift+W >
Show in Local Terminal >

Copy Ctrl+C
Paste Ctri+V
® Delete Delete
Source >
Move...

Rename... F2

g Import...
£ Import Nios V CMake project...
&5 Export...

Build Project Incremental Build of Selected Projects

Clean Project

Refresh F5
Close Project

Close Unrelated Project

Build Targets >
Index >
Build Configurations >

3. When the compilation is complete, a Build Finished message will appear in the CDT Build
Console. The compilation time will vary depending on your system. Refer to Figure 3-18 for an
example.
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£ software - app/hello_world.c - Ashling RiscFree™ IDE

- O X
File Edit Source Refactor MNavigate Search Project Run Window Linux Help
= R _& New Connection v R BB | Sigrer @i i@
g il eD ey Q im |
[ Project Explorer = B |[g hello_woddc x = 8 0. x ®Bu. = B
= % Y § 2 #include gstdio.h> B3R o % §
v S app =L . int main() {printf("Hellc from Nios VI\n");} n s:imh w
E ;;-?' Binaries @ main() :int
[ Archives
it Includes
(2= build
ET hello_world.c
|2l CMakeliststxt
= bsp

|,'_Pmb|ems £ Tasks B Console x [0 Properties x‘@@%l'—ﬁﬁ - %E”."’.E'rﬁ': [m]

CDT Build Cansole [app] E 1 CDT Global Build Consale
[ 97%] Built target hello_world.elf

[ 98%] Reporting memory available for stack + heap in hello_world.elf. H 2CDT Build Console [app]
[1@8%] Creating helle_world.elf.cbjdump. E 3 CMake Console [app]
[1@e%] Built target create-objdump

hello_world.elf

* 33.88 KB - Program size (code + initialized data).
* 217.14 KB - Free for stack + heap.
[1@8%] Built target niosv-stack-report

15:82:45 Build Finished. @ errors, @ warnings. (took 53s.578ms)

=

Figure 3-18 Ashling RiscFree IDE app Build Completed

4. After compilation complete, right-click the app project, choose Run As, and choose Ashling
RISC-V Hardware Debugging.
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£ software - Ashling RiscFree™ IDE

| Eile Edit Source Refactor MNavigate Scarch Project Bun Window Linux Help

- | &%~ & & New Connection... LA R A AR R
w| &g Flot d v v |4
£ Project Explarer X =0

BS T

New

Go Into

Open in New Window

Show In Alt+Shift+W >

Show in Local Terminal >

Copy Ctrl+C
i Delete Delete

Source >

Rename... F2
4 Import..

4 Import Nios ¥ CMake project...

Export...

Build Project
Clean Project
Refresh

Close Project

Build Targets

Index

Team
Compare With

Restore from Local History..

D1 Validabs

Close Unrelated Project

ssks B Consale x [ Properties

ppl

hello world.elt.objdump.

onchip_memory . hex.

s memory available for stack + heap in
s gt creste-obidump

‘get create-hex

‘cgram size [code + initialized data).
ree for stack + heap.
‘get niosv-stack-report

-

Build Configurations >

Profiling Tools
F5 Debug As \
Q- Profile As

>

1 Ashling Arm Hardware Debugging

3 Achiing RISC-V Hardware Debugging |
T Local C/C++ Application

7 FElF

> 5 Remote Application

Run Configurations..

x| & 4% de

hello world.elf.

inished. @ errors, @ warnings. (took 4m:34s.18ms)

2 Ashling Heterogeneous Multicore Hardware Debugging

Figure 3-19 Ashling RiscFree IDE Import Project Wizard

In the C Local Application window, select hello_world.elf and then click OK.

£ C Local Application a X

Choose a local application to run

Binaries:

O aout
35 hello_world.elf

Qualifier:

%5 riscvle - /app/build/Default/hello_world.elf

Cancel

Figure 3-20 Ashling RiscFree IDE Import Project Wizard
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6. In the Edit Configuration window:

e Select the Debugger tab.

o For Debug Probe, select Atum A3 Nano Development board.
o Click Auto-detect Scan Chain.
o Click Run.

£ Edit Configuration

Edit configuration and launch.

€3 [Debuggerl: Invalid Target Configuration (' ;h
£ Edit Configuration

Mame: hello_world.elf Edit configuration and launch.

[ Mair] %5 Debugger ||+ Startup | &5 05 A @

| Project: |
Mame:  hello_world.elf

app
C/C+ Application: k5. Debugger| = Startup 88 OS Awareness| . Source| [ Common | & SVD Path
build/Default/hello_world.elf g e e e

| Debug probe  Atum A3 Mane [USB-1] M2 Transport type JTAG

Build (if required) before launching JTAG frequency 16 ~ MHz
Build Configuration:  Default Target Configuration

(0) Enable aute build

O Use workspace settings Auto-detect Scan Chain

Device/TAP sefection A3C(Y135BB18A[Z135BB18A) ~ Core selection Mios V (0x08386E00)

[CJ De not halt the targ
1B Reset mstatus CSR regist

([T Issue TAP reset

GDE Server Setup

Additional command-line arguments

GDE Client Setup
Executable name: Y eclipse_homel../toclchaiyriscv32-unknown-elf/bin/riscv32-unknown-elf-gdb.exe Browse...  Variables...

Custom instruction file: S{achpseﬁhoma}a"‘_«'debugger_fg}ggrver-riscw’mosvicustomiinstr‘xm\ Browse...

Variables...
Other options:
Commands: \
5
@
Revert Apply
(?)' Run Close

Figure 3-21 Ashling RiscFree IDE Import Project Wizard

The IDE begins to download the program to the target FPGA development board and begins
execution.

When the target hardware begins executing the program, a message ‘Got a debugger connection’
will appear in the Console tab (switch to 4. hello_world.elf[Ashing RISC-V Hardware Debuggin]).
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£ software - app/hello_world.c - Ashling RiscFree™ IDE — a x
File Edit Source Refactor Mavigate Search Project Run Window Linux Help
il |§\j}v‘§v.,,‘;v & New Connection... VNL‘J‘ 'E‘@.‘” ICRAERNERNCERSE R RN R
rEreI oo Q E|E
[f5 Project Explorer x = B [g hello_world.c = B8 fo. X @Bu. = O
=] <§> 7 § 2 #include <stdic.hy B W s e ¥ §
"E‘é =) ﬁ int main() {printf("Hello from Nios V!I\n");} Al stdioh
¥, Binaries @ main(:int
B Archives
[ Includes
(= build
£ hello_world.c
|2 CMakeLists.txt
5 bsp
2] Problems & Tasks ) Consale X [T Properties ) | EE +0-b5-=0
hello_world.elf [Ashling RISC-V Hardware Debugging] E 1CDT Global Build Console
Info : [@] Number of hardware breakpoints available : 1
Info : [@] Mumber of program buffers: 8 =R Eocclaliappl
Info : [@] Mumber of data registers: 2 El 3 CMake Console [app]
Info : [@] Memory access -> Program buffer = .
Info : [@] Memory access -> Abstract access memory [c] 4hello_world.elf [Ashling RISC-V Hardware Debugging]
Info : [@] CSR & FP Register access -> Abstract commands
Waiting for debugger connection on port 12484 for core @.
Press 'Q' to Quit.
Got a debugger connection from 127.8.8.1 on port 12484.
v

Figure 3-22 Debugger connection message in the Console

You can configure the Ashling RiscFree IDE to integrate external tools. As an example, the
following steps detail how to set up the juart-terminal tool to display a "Hello World" message via
the JTAG UART IP.

To perform external tool configuration for juart-terminal, follow these steps:

1. Go to Run > External Tools > External Tools Configurations.
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2 software - app/hello_world.c - Ashling RiscFree™ IDE - O *
File Edit Source Refactor Mavigate Search Project Run Window Linux Help
il | ®~ &/~ 4 New Connecti @, Run Crl+Ft1 P EI [ @ - O Qi@ -
g nig-Ff-opo-o-m 3, Debug F11 Q | @E
I Project Explorer = B [g hello_world.c Run History > = 0 g=0. ¥ @Bu. = O
E|<‘q—>'~l? § #include<0 Run As » Elﬂz}ﬁuse“:‘t §
v 1S app int main(} Run Configurations... A stdioh
f;b Binaries ) @ main() :int
BB, Archives Debug History >
& Includes 35 DebugAs >
(= build Debug Configurations...
[ hello_world.c i
| CMakeLists.bt Breakpoint Types >
<
I bsp Toggle Breakpaint Ctrl+Shift+B
Toggle Line Breakpoint
Toggle Watchpoint
Toggle Method Breakpaint
‘@ Skip All Breakpoints Ctrl+Alt+B
Remaove All Breakpoints
L, External Tools > (no launch history)
Run As >
External Tools Configurations...
|,'_ Problems J£| Tasks & Console » [ Properties S R = B8
hello_world.elf [Ashling RISC-V Hardware Debugging]
Info : [@] Number of hardware breakpoints available : 1 ~
Info : [@] Number of program buffers: &
Info : [@] Number of data registers: 2
Info : [@] Memory access -» Program buffer
Info : [@] Memory access -» Abstract access memory
Info : [@] CSR & FP Register access -»> Abstract commands
Waiting for debugger connection on port 12484 for core @.
Press 'Q' to Quit.
Got a debugger connection from 127.8.8.1 on port 12484,
v
ii?

Figure 3-23 Navigating to External Tools Configurations

2. Double click Program to open a New_configuration window.
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£ External Tools Configurations (m] X

Create, manage, and run configurations

rﬁ HO 2 .’r\\| = '\l? 7| Configure launch settings from this dialog:

® | - Press the 'New Configuration' button to create a configuration of the selected type.
Double [F - Press the 'New Prototype’ button to create a launch configuration prototype of the selected type.
Click

o4 - Press the 'Export’ button to export the selected configurations.

£ External Tools Configurations [m] X

| Create, manage, and run configurations

Please specify the location of the external tool you would like to configure,

\ O EHP 0 x' = Tf‘ M MName: Mew_cenfiguration

pe filter text E| Main u;"“ Refresh| Build | B Environment| [ Common

\l Program Location:
L New_configuration

Browse Workspace...  Browse File System... Variables...

Waorking Directory:

Browse Workspace...  Browse File System... Variables...

Arguments:

Filter matched 1 of 1 iterns

©)

Figure 3-24 Creating a new Program configuration

3. Rename the configuration as Nios V JTAG UART Output.
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£ External Tools Configurations

£ s

Create, and run ¢

Please specify the location of the external tool you would like to configure.

BREX|BYV -~ uamel Nios ¥ JTAG UART Outpuf |

type filter text [ Main| <" Refresh | [ Build | M Environment | ] Commeon
+ @ Program Location:
@ New_configuration

Browse Workspace...  Browse File System.. Variables..
Working Directory:
Browse Workspace... Browse File System.. Variaples..
Arguments
Variables..
Note: Enclose an argument containing spaces using double-quotes ().
Filtar matched 2 of 2 items Show Command Line Revert Apply
@ Run Close

Figure 3-25 Renaming the configuration to ‘Nios V JTAG UART Output'

4. In Location, click Browse File system.
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£ External Tools Configurations [m] X
Create, manage, and run configurations [+ J.
o |
Please specify the location of the external tool you would like to configure, =
Ee@X[BY ~ Name: Mios ¥ ITAG UART Output
type filter text ElMain| «* Refresh| b Build| B8 Environment| 1 Common
» G Program Location:

Q@ New _configuration

Browse Workspace.. |Browse File System... Variables...

Working Diirectory:

Browse Workspace..  Browse File System... Yariables...

Arguments:

Variables...

Mote: Enclose an argument containing spaces using double-quotes ().
Show Command Line Revert Apply

Filter matched 2 of 2 items

n
@ Bun Clase

Figure 3-26 Browse for the executable file in the Location field
5. Browse and select the juart-terminal file in the following paths:

<Intel Quartus Prime installation directory>/quartus/bin64/juart-terminal.exe
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| £ Open X |
|
< <« Data (D:) » altera_pro » 251 » quartus » binf4 » po &) Search bing4 el |
Organise « Mew folder =~ 0 0
~
u Videos » MName Date modified

(R L

FERREK [%] jtag_hw_jtag_over_protocol2-blaster.dll 2025-03-27 11:24 PM Application extens... 122 KB

@ Camera Upload: B jtag_hw_jtag_over_protocol-blaster.dll 2025-03-27 11:24 PM Application extens... 137 KB

@ my_first_niosV B jtag_hw_pli-blaster.dll 2025-03-27 11:24 PM Application extens... 143 KB

New folder E jtag_hw_ush-blaster.dll 2025-03-27 11:24 PM Application extens... 143 KB

@ jtag_pli-blaster_vpi.dll Application extens... 321 KB

[ jtagconfig.exe 2025-03-27 11:24 PM Application 273 KB

v % Dropbox [ jtagquery.exe 3-27 11:24 PM Application 3158 KB

’ dropbox.cach [ jtagserver.exe -03-2711:24 PM Application 539 KB

& Camera Uploa |juart-termina|.exe 2025-03-27 11:25 PM Application 62 KB

~ [l ThisPC [%] legality_lab.dil 2025-03-27 11:25 PM Application extens... 1,648 KB
File name: |Juart-terminal‘exe V| b e

Figure 3-27 Selecting 'juart-terminal.exe’

6. Set the Arguments as “-c 1 -d 1 -i 0”. This configures the JTAG UART connection is towards
the JTAG UART IP at cable 1, device 1, and instance 0.
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T —_— - - - - _—

2 External Tools Configurations a X
Create, manage, and run configurations Q.
|
Run a program —d
EEYE TN Name: Nios V ITAG UART Output
type filter text ElMain «* Refresh| [ Build | B Environment| =] Common
v Qs Program Location:

G Nios VJTAG UART Quizl Dialtera_proy25. 1\guartus\binb4yjuart-terminal .exe

Browse Workspace.,  Browse File System.. Variables..
Woarking Directony:
Browse Workspace.,  Browse File System.. Variables..
Arguments:
-c1-d1-i0
Yariables..

Note: Enclose an argument containing spaces using double-quotes ().

Filter matched 2 of 2 items Show Command Line Revert Apply
@' Run Close

Figure 3-28 Setting arguments for the JTAG UART

7. Click Apply, then click Run
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L External Tools Configurations O X

Create, manage, and run configurations 0

Run a pregram

ICHeRX| B Y- Mame: Nios V JTAG UART Qutput
|| typefiter text = Main| o Refresh| Buildl R Environment| [C] Common
v q Program Location:
Qu Nios VJTAG UART Output D:\altera_prot25. 1\guartus\binB4\juart-terminal .exe
Browse Workspace...  Browse File System... Variables...
Working Directory:
Browse Workspace..  Browse File System... Variables...
Arguments:
el-d1-i0 a
v
Wariables...
Mote: Enclose an argument containing spaces using deouble-quotes ().
i i Show Command Line Revert Apply
Filter matched 2 of 2 items

_(
@ Run Close

Figure 3-29 Applying and running the external tool

8. The message 'Hello from Nios V!’ appears in the Nios V JTAG UART Output tab.
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| Z software - Ashling RiscFree™ IDE

| File Edit Source Refactor Mavigate Search Project Run  Window Linux Help

e | &~/ @ & New Connection...

5 v Bl v o 8

- v‘ #
[ Project Explorer = 8
BES% Y &
> 125 app
> I bap

ot | B-iBie | S iE R [ E T O R I®

[27 Problems J=) Tasks B Console X [T Properties

N
_ o o« E=

Q imE|lE

= B Houw.x @Bu. = 8

There is no active editor that
provides an outline.

|xERE8 Ma-m-=5

Nios \/ JTAG UART Output [Program] D:\alkera_pro25.1\quartus\bin6d\jusrt-terminal.exe [pid: 20068] (lul 30, 2025, 400 [7] 1 helle_world.off [Ashling RISC-V Harchware Debugging]
fjuart-terminal: connected to hardware target using JTAG UART on cable N

juart-terminal: “Atum A3 Nano [USE-1]"
juart-terminal: (Use the IDE stop button er Ctrl-C to terminate)

Hello from Nios w!

N

, dewice 1, instance @

@, 2 MiosV JTAG UART Output [Program] Di\altera_pro\25.1\qu

Figure 3-30 ""Hello from Nios V!'* message in the output tab.

9. Before proceeding to the next step, the user needs to switch to the hello_world.elf console and
stop Terminate . This will ensure that the next step can be executed without any issues.
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- . _— - : e _— - — e —
£ software - app/hello_world.c - Ashling RiscFree™ IDE = m] x |
| Eile Edit Source Refactor Mavigate Search Project Run  Window Linux Help
g | B~/ @ & New Connection... v R Bie] IGRERAEENCESE-RA RN
- Ko CF v -t Q ig|®
I Project Explorer = B [g hellooworld.c > = B8 80u.x @Bu. = B
= %G 57 & 2 #incdlude cstdio.h» =l ) 8
5 U 8 B R o ¥ §
~ESHE int main{) {printf({"Hello from Hies wlin");} P
> 3 Binaries & rnaing :int
> B Archives
5 (= build
> [€ hello_world.c
= Chakelists.bd
> e bsp
9] Problems 2 Tasks ) Cansole 3 [ Properties 9 ﬂ |BEpEe #e-k-=8
hello_world.elf [Ashling RISC-V Hardware Debugging] . E 1 COT Global Build Console
Infe : [@] Debug version @ vl.2@ e
Info : [@] Number of hardwsre breskpoints availsble : 1 5] 2 CDT Build Console [app]
Info : [@] Number of program buffers: 8 IE 3 helle_world.elf [Ashling RISC-V Hardware Debugging] I
Info : [@] Number of data registers: 2 = -
Info : [@] Hemory access -> Program buffer @, 4Nios VJTAG UART Output [Pregrem] D:\altera_pro\25. T\quartus\bing:
Info : [@] Memory access -» Abstract access memory

Info : [@] CSR & FP Register access -> Abstract commands

Waiting fer debugger cennection on port G657,
Press 'Q' to Quit.
Got a debugger connection from 127.2.@.1 on port 6857.

T

Figure 3-31 Stop Terminate.

Now you have created, compiled, and run your first software program based on NIOS V. And you
can perform additional operations such as configuring the system properties, editing and re-building
the application, and debugging the source code.

3.3 Edit and Re-Run the Program

You can modify the hello_world.c program file in the IDE, build it, and re-run the program to
observe your changes executing on the target board. In this section you will add code that will make
LEDG blink.

Perform the following steps to modify and re-run the program:
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1. Inthe hello_world.c file, modify the text shown in the example below:

#include <stdio.h>
#include <system.h>
#include <altera_avalon_pio_regs.h>

int main()
{
printf("Hello from Nios V!I\n");
int count = 9;
int delay;
while (1) {
IOWR_ALTERA_AVALON_PIO DATA(PIO_LED BASE, count & 0x01);
delay = 0;
while (delay < 2000000) {
delay++;
}

count++;

}

return 0;
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£ software - app/hello_world.c - Ashling RiscFree™ IDE = [m] *
File Edit Source Refactor MNavigate Search Project Bun Window Linux  Help
ﬁvLEIJuLE\J| B/ @Y & New Connection... v N£‘~f| - B &| R AR AR CEREE - R T IR
R E 1R -FH ey Q E| @
[T Project Explorer % = B[4 *helloworld.e X = 8 g=0u. ¥ @Buw. = O
=] G;Q 7 32 #:inl:lude <stdio. h» B3N s e ¥ 8
= 2 #include <system,h> m stdioh
= fp_ . 2  #include <altera_avalon pio regs,hs> e :
> 3%, Binaries M ospstermh

> B Archives = int main() B altera_avalon_pio_regs.h
» (= build { ® rain{:int
S [ hello_warld.c printf(“Helle from Nios wiin™); |

- it - o
= Chakelists bt int coun ;

L int delay; |
>l bap while {1} {
TOWR_ALTERA_AVALON_PIO DATA{PIO LED BASE, count & @x@l);
delay = @;
while (delay < 2000002) { |
delay++;
! |
count+; |
T |
return @; !

|2 Problems J= Tasks B Console % [C] Properties 4 %| =k b B & @| - = 0
<terminated> Nios V JTAG UART QOutput [Program] D:\altera_pro\25.1\quartusbin64\juart-terminal.exe [pid: 28068] (Jul 30, 2025, 4:00:59 p.m. —!
juart-terminal: connected to hardware target using 1T&3 UART on cable

juart-terminal: “&tum A3 Nano [USB-1]", device 1, instance @

juart-terminal: (Use the IDE step button or Ctrl-C to terminate)

Helle from Nies vw!

Writable Smart Insert 20:1:382

Figure 3-32 Adding LED blink code to ‘hello_world.c'

2. Save the project.

3. Recompile the file by right-clicking app in the Projects Explorer tab and choosing Build
Project
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£ software - app/hello_world.c - Ashling RiscFree™ IDE = [m] *
File Edit Source Refactor MNavigate Search Project Bun Window Linux  Help
- |®v%vlﬁ‘, & New Connection... 'N£‘~f| e IE] &| vl [ @O @
SRR RA K RN R AN Q |l
I Project Explarer = B  [q hellooworlde X = 0 g=0u. ¥ @Buw. = O
=] G;Q 7 82 #include <stdio.h> B3N s e ¥ 8
"F ~ 12| #include <system.h> 5 stdioh |
= New y Ltera_awalon pio regs.h> g Fe.
>3 M ospstermh
s E Go Into A altera_avalon_pio_regs.h
> L . ] @ main( :int
| Open in New Window "Helle frem Nios ¥lin™); |
Show In Alt+ShiftsW > 7E = @; |
> = Show in Local Terminal > ]_),{
3 ALTERA AVALON_PIO DATA(PIO_LED BASE, count & @x@1);
5 Copy Ct+C 3y = @
le (delay < 200@200) { |
delay++;
¥ Delete Delete |
Source y b |
2;
Rename... F2
ix  Import. |
£ |mport Nios V CMake project... ~ B
4 Export asks & Cansale [T Properties I X%k | R EE 2BD-Ny= 8

Clean Project

Refresh

Close Project

Close Unrelated Project

Build Targets
Index

Build Configurations

Profiling Tools
D Funés

Debug As
g

JTAG UART Qutput [Program] D:\altera_pro25.1\quartus\bin6d\juart-terminal.exe [pid: 28068] (Jul 30, 2025, 4:00:59 p.m. —!

Incremental Build of Selected Projects -ed to hardware target using 1TAT UBRT on cable

“Atum A3 Mano [USE-1]", device 1, instance @
(Use the IDE step button or Ctrl-C to terminate)

Wl

= app

Figure 3-33 Rebuilding the project after code changes

4. After Build Porject done, Run > Run As > Ashling RISC-V Hardware Debugging.
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£ coftware - app/hello_world.c - Ashling RiscFree™ IDE

:Elle Edit Source Refactor Mavigate Search Project Bun  Window Linux  Help

g~

[ Project Expl

x

(o

g
o
%)

13

2

| &~ &~ &

& New Connection...

Lo Bl G

arer

=R- S
New
Go Into

Open in New Window
Show In

Show in Lecal Terminal

Copy

Delete
Source

Rename...

Import...
Import Nios V CMake project...
Export...

Build Project

Clean Project

Refresh

Close Project

Close Unrelated Project

Build Targets
Index

Build Configurations

Profiling Tecls

Debug As
Profile As
Team
Compare With
Restore from Local History...

nalidabn

2
2

| e

= 8 hello_warld.c >

#Hnclude <stdie.h>
#include <system, hr

Alt+Shift+W

Ctrl+C

Delete

F2

F5

>

>
>

era avalon nio regs. b

lelle from Hios Witn™);
= 8;

|
ALTERA_ABLON_PIO DATA{PT
Do
v (delay < 2000000) {
lelay++;

H

ks & Console 3 [C] P
Jut [Program] D:\altera_pr:
onnected to harduard targ
Atum A3 Hano [USB-1j", de
Use the IDE stop btton o

erti
5.1\

v M RiBiw

[

& 88 v [

= [} X

AR R P

Q e |E
= B8 EE Qu.. 3 @Bu. = B
- SR e Kk
B stdickh
o - arnh
£ C Local Application ] a_svalan_pio_regs.h
nQint
Choose a local application to run
Binaries:
¥ hello_world.elf
1-f~-~=0
p.m.} [pid: 14452]
a
Qualifier: \
%5 riscvle - /app/build{Default/hello_world.elf

QK Cancel i v
|

1 Ashling Arm Hardware Debugging
2 Ashling Heterogeneous Multicore Hardware Debugging

3 Ashling RISC-V Hardware Debugging I

4 Local C/C++ Application

#& Bl e ]

5 Remote Application

Run Configurations...

Figure 3-34 Run program

5. Orient your development board so that you can observe LEDG blinking.
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3.4 Why the LED Blinks

The Nios V system description header file, system.h, contains the software definitions, name,
locations, base addresses, and settings for all of the components in the Nios V hardware system. The
system.h file is located in the in the bsp\system.h directory as shown in Figure 3-36.

£ software - bsp/system.h - Ashling RiscFree™ IDE = [m] *
File Edit Source Refactor MNavigate Search Project Bun  Window Linux Help
il |§:"5§.'n'{a -4 Mew Connection... 'N$‘~f| - B 0‘ g~ G- 7%@'0'%'@;' |
R R = R Q ig||mE
I Project Explarer = 8  [g hello_world.c systerm.h = B8 SE0u. ¥ @Buw. = O
= & 7 8 = 14 " W g
. = #define ALT_MODULE_CLASS_piec led altera_avalen_pio PRl o # £
VI app #define PIO_LED BASE @x5oa4@ # _SYSTEM_H_
> #% Binaries #define PIO_LED BIT_CLEARING _EDGE_REGISTER @ o linkerh |
3 @: Archives #define PIO LED BIT _MODIFYING_OUTPUT_REGISTER @ # ALT_CPU_ARCHITECTI
- . #define PIO LED CAPTURE @
build — - ALT_CPU_CPU_FRE
= #define PIO_LED DATA_WIDTH 4 # -CPU_CPL_FREQ
> Lel hello_world.c #define PIC_LED_DO_TEST_BENCH_WIRING @ # ALT_CPU_DATA_ADDR
| = Chakelists et #define PIC_LED_DRIVEN SIM WALLE @ # ALT_CPU_DCACHE_LIF
v I bsp #define PIO_LED _EDGE_TYPE “NONE™ # ALT_CPU_DCACHE_LIF
> (= drivers #define PIO_LED FREQ S2oo22e2 # ALT_CPU_DCACHE_SIz
s o HAL #define PIO_LED HAS_IN @ & ALT CPU_FREQ
= L #define PIO LED HAS OUT 1 - -
v g alt_sys_init.c #define PIO LED H&S TRI @ # ALT_CPU_HAS CSR_SL
> [m] linkerh #define PIO LED TRQ -1 # ALT_CPU_HAS DEBUG
> [n] system.h #define PIO_LED_IRQ_INTERRUPT_CONTROLLER_ID -1 #  ALT_CPU_ICACHE_LIN
= ChakeLists.bet #define PIO_LED IR]_TYPE “HONE™ #  ALT_CPU_ICACHE_LIN
[] linkera :e‘i?“e Eig—t:g—:g‘; \f; zfzé P;"—lEd # ALT_CPU_ICACHE_SZI
efine
=| memory.gdb sdefine PIO LED SPAN 16 # ALT_CPU_INST_ADDR_
=| settings.hsp #define PIO LED T¥PE “altera_avalen_pic™ | #  ALT_CPU_INT_MODE
W summary.html # ALT_CPU_MTIME_CFF
=| toolchain.crmake oo T
|#) Problems J& Tasks B Console % [ Properties RI &4 "3.;| H &b =% E| #B--= 08

CDT Build Console [bsp]

Figure 3-36 system.h Location

If you look at the system.h file for the Nios V project example used in this tutorial, you will notice
the pio_led function. This function controls the LED. The Nios V processor controls the P1O ports
(and thereby the LED) by reading and writing to the register map. For the PIO, there are four
registers: data, direction, interrupt mask, and edge capture. To turn the LED on and off, the
application writes to the PIO data register.

The PIO core has an associated software file altera_avalon_pio_regs.h. This file defines the core’s
register map, providing symbolic constants to access the low-level hardware.
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The altera_avalon_pio_regs.h file is located in bsp\drivers\inc.

When you include the altera_avalon_pio_regs.h file, several useful functions that manipulate the
PI1O core registers are available to your program. In particular, the function

IOWR_ALTERA_AVALON_PIO_DATA (base, data)

can write to the PI1O data register, turning the LED on and off. The P10 is just one of many Platform
Designer peripherals that you can use in a system. To learn about the P10 core and other embedded
peripheral cores, refer to Embedded Peripherals IP User Guide.

When developing your own designs, you can use the software functions and resources that are

provided with the Nios V HAL. Refer to the Nios V Processor Software Developer Handbook for
extensive documentation on developing your own Nios V processor-based software applications.

3.5 Debugging the Application

Before you can debug a project in the Ashling RiscFree IDE, you need to create a debug
configuration that specifies how to run the software. To set up a debug configuration, perform the
following steps:

1. In the hello_world.c, double-click the front of the line which is needed to set breakpoint. See
Figure 3-37.
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£ software - app/hello_world.c - Ashling RiscFree™ IDE - m} X
File Edit Source Refactor Mavigate Search Project Run Window Linux Help
- | B -]~ & _ New Cannection ViR E-BR i e | g @O0 ®
dEE T e E - G- Q iE|E
¥ Project Explorer = B |g hello_wordd.c x system.h altera_avalo... crt.S > = B8 g0. x ®Bu. T 8B
= 5 Y 8 #include <stdio.h> ERECIE

#  #include <syskem.h>
#include <altera_avalon_pio_regs.h>

v I app o stdio.h

5 Binaries 2 system.h
[, Archives = int main() U altera_avalon_pio_regs.
[ Includes { @ main( :int
= build printf{"Helle from Nigs V!\n");
= ] int count = @; =
E| hEllD_\.\n:.urldc int delay;
=| CMakelLists.txt while (1) {
I bsp TOWR_ALTERA_AVALON_PIO_DATA({PIO_LED_BASE, count & @x@l);
delay = @;
while (delay < 2@eeees) |
delay++;
count++;
}
return 8;
}
£ >
[21 Problems J=| Tasks [ Console X [T] Properties Xl &4 <§>| H @l =" El| = EB~-f-= 8
CDT Build Console [app]
[ 97%] Built target hello world.elf A

[ 98%] Reporting memory available for stack + heap in hello_world.elf.
[188%] Creating hello_world.elf.objdump.

[1@eX] Built target create-cbjdump

hello_world.elf

* 33.86 KB - Program size (code + initialized data).

* 217.87 KB - Free for stack + heap.

[188%] Built target niosv-stack-report

Writable Smart Insert 2:14:33 L]

Figure 3-37 Set Breakpoint

2. To debug your application, right-click the application (app by default) and choose Debug as >
Ashling RISC-V Hardware Debugging.

3. If the Confirm Perspective Switch message box appears, click Switch.

After a moment, the main () function appears in the editor. A blue arrow next to the first line of code
indicates that execution stopped at that line.

4. Choose Run-> Resume to resume execution.

When debugging a project in the Ashling RiscFree IDE, you can pause, stop or single step the
program, set breakpoints, examine variables, and perform many other common debugging tasks.

Note: To return to the C/C++ project perspective from the debug perspective, click the C/C++
icon in the top right corner of the GUI.
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3.6 Configure System Library

In this section you will learn how to configure some advanced options about the target memory or
other things. By performing the following steps, you can charge all the available settings:

1. In Quartus Prime, select File > Open, and open system.gsys, as shown in the figure below.

X
> ThisPC » Data(D:) > myfirst_niosv v C Search myfirst_niosw £
Jlder =- 0 @
[ MWame Date modified Type Size
Lgsys_edit 2025-08-20 1:40 PM File folder
dni 2025-08-20 2:38 PM File folder
ip 2025-08-20 1:40 PM File folder
output_files 2025-06-20 2:52 PM File folder
qdb 2025-08-20 2:52 PM File folder
system 2025-08-20 2:05 PM File folder
tmp-clearbox 2025-06-20 2:49 PM File folder
D myfirst_nioswy 2025-08-20 2:38 PM V File 1KB
D system.qsys 2025-06-20 2:04 PM QSYS File 405 KB
() Add file to current Open as: Auto v
project
name: ‘systemqsys \/‘ Design Files {*whd *wvhdl *vhdp ~

Figure 3-38 Opening 'system.qsys’ in Quartus Prime

2. Click File > Open to open the BSP, as shown in the figure below.
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sn Platform Designer - system (EX\myfirst_niosv\system

File | Edit System Generate “iew Toolz Help
MNew System... Cirl-M
Mew IP Wariant...

Mew Componernt...

Select Quartus Project...

Open... Cirl-2
Save Ctrl-S
Mew BSP...

Save BSP As..

Export BSP as Tel script...

Export System as Platform Designer script (tcl)...
Package System as Packaged Subsystem (gep)...

Load Pin From Quartus Project

Refresh System F5

Figure 3-39 Opening the BSP file

3. Select the BSP Editor tab.

a= Open System

System IP ariant BSP Editor

Select BSP setting file to open
BSP setting file
System file (.gsys, ip)

Quartus project:
Revision:
CPU name

Operating system

BSP target directory

Additional Tel script

|E:.l1nyfirst_niosv.l’

[zl @
[

[

|myﬂrst_niosv

| | - | Version |

|v|

Use default locations

[] Enable Adcditional Tel script

.+, Specify BSP setting file

Cancel

ter
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Figure 3-40 Selecting the ‘BSP Editor’ tab
Browse to and open software/bsp/settings.bsp.
Click Open to open the BSP Editor.
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6. Double-click the BSP Editor Tab to maximize the tab, as shown in the figure below.

#u Platform Designer - system (E:\myfirst_niosv\system.qsys) - Quartus Project: EAmyfirst_nioswimyfirst_niosv - myfirst_niosv - m]

File Edit System Generate View Tools Help

Parameters &8 'E.BSPEd'rtor 3% | BSPDrivers I - =

To Create/Open BSP, go to File Menu

Main BSP Software Packages r BSP Linker Script r BSP Enable File Generation r BSP Target Directory

BSP Settings : E\myfirst_niosvisoftware\bsplsettings bep
BSP System file: E:\myfirst_niosvisystem.gsys

CPU name: niosv_m

Operating system: Altera HAL

Target directory: E\myfirst_niosvisoftwarelbsp

¢ Seftings
¢ Common |
¢ hal =|:
sys_clk_timer 3

timestamp_timer
stdin [ use_dfl_walker

stdout dfl_star_address |_1

stderr g; N,
enahle_reduced_device_drivers §§ g_port none b d

enahle_sim_optimize ol sl

max_file_descriptors: 32

["] enable_instruction_related_exceptions_api

¢ linker H
enable_exception_stack i enable_clean_exit
exception_stack_size [] enable_runtime_stack_checking
exception_stack_memory_region_n_ | H
use_picolibe = [w] enable_c_plus_plus

4 Il |

[1enable lightweiaht device driver api

rlmrmamnrmblemsrpmessmg| e

@ Setting "hallinker allow_code_at_reset" set to "trus".

@ Setting "hallinker enable_at_load" set to "trug".

@ Tel message: "The altt_load() facilty is enabled.”

@ Setting "hal linker.enable_alt_load_copy_rwdata" set to "true".

(@0 Tl "The rwdata section is cobied into RAM by alt loadi "

Generate BSP

I <] [v]| |

|:| Component Instantiation: 0 Errors, 0 Warnings, System Connectivity: 0 Errors, 0 Warnings | Sync System Infos || B Auto ‘ | a Walidate System Integrity ‘ | Generate HOL.. |

Figure 3-41 Maximizing the 'BSP Editor" tab.
7. Click Generate BSP

The following content will introduce how to configure a software project to use hardware memory.
By modifying the System Library Properties in the Ashling RiscFree IDE, you can precisely

configure the memory mapping.

1. In the Ashling RiscFree IDE, right-click app and choose System Library Properties. The

Properties for app_syslib dialog box opens.

2. Click System Library. The System Library page contains settings related to how the program
interacts with the underlying hardware. The settings have names that correspond to the targeted

NIOS V hardware.

3. Inthe BSP Linker Script tab, observe which memory has been assigned for Block Started by
Symbol memory (.bss), exception handler memory (.exceptions), Heap memory, Read-only
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data memory (.rodata), Read/write data memory (.rwdata), Stack memory and Program
memory (.text), see Figure 3-42. These settings determine which memory is used to store the
compiled executable program when the example app programs runs. In the Main tab, You can
also specify which interface you want to use for stdio, stdin, and stderr. You can also configure
build options to support C++, reduced device drivers, etc.

Choose onchip_memory for all the memory options in the BSP Linker Script tab. See Figure
3-42 for an example.

| Parameters &% | BSPDrivers &% | M& BSP Editor &2 =]

To Create/Open BSP, go to File Menu

Main BSP Software Packages I/ESP Linker Script | BSP Enable File Generation r’ BSP Target Directory \
Linker Section Mappings

Linker Section Name = Linker Region Name Memary Device Name | Add. ‘
bss onchip_memary onchip_memary
entry reset onchip_memary
exceptians onchip_memaory onchip_memary | Sestore Defauis ‘
heap onchip_memary onchip_memary
rodata onchip_memary onchip_memary
rwdata onchip_memary onchip_memary
stack onchip_memory onchip_memaory
text onchip memary onchip memary

Linker Memory Regions

Linker Region Name Address Range Memary Device Name a Size (bytes) Offset (bytes) Add.
onchip_memaory 0x00000020 - 0x0003FFFF onchip_memary 262112 32 Remave
reset 0x00000000 - 0x0000001F onchip memary 32 a

Restore Defaults.

[ Add memary Device.. |

| Memaory Usage ‘

[ Memary Map.. |

Grayed out entries are automatically created at generate time. They are not editable or persisted in the BSP settings file

Information |
W VAP STLITT TR O TS TTIOTy (e giarT OTTerp_ieTony—
(@ Mapped section ".stack” to memory region "onchip_memary”

@ Finished loading BSP section mappings from settings file
@ Setting "hal linker exception_stack_memory_region_name" set to "onchip_memory"

Figure 3-42 Configuring System Library Properties

Click Generate BSP to regenerate BSP. Close the Platform Designer Windows and return to
the IDE workbench.
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Note: If you make changes to the system properties you must rebuild your project. To rebuild,
right-click the app project in the Projects Explorer tab and choose Build Project.
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4.1 Revision History

Version Change Log
V1.0 Initail version

4.2 Copyright Statement

Copyright © Terasic Inc. All Rights Reserved.
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