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Overview

This tutorial will demonstrate how to generate hardware and related software interfaces in the form of
RTL (Register Transfer Logic) HDL descriptions and software system libraries appropriate for use with
the Altera Quartus Il, SOPC Builder, and Nios Il IDE software tools.

The sample project will implement a trivial Hello World application. This sample project includes a
software process (running on the Nios Il processor) and a hardware process (running in the FPGA)
that communicate via a single stream over the Avalon bus. Onchip memory inside the FPGA is
sufficient for accommodating the Hello World executable file.

The purpose of this tutorial is to take you through the entire process of generating hardware and
software interfaces and importing the relevant files to the Altera environment. The tutorial will also
describe how to create the platform and downloadable FPGA bitmap using the Altera tools. Finally,
you will learn how to build and run an Impulse C software application on the Nios Il processor using
the Nios Il IDE.

The hardware platform used in this tutorial is Altera Cyclone lll Evaluation Kit, featuring Altera
Cyclone lll EP3C25 FPGA, and a touch-screen LCD display.

This tutorial will require approximately 90 minutes to complete, including software run times.

Steps

Loading the Hello World Application

Compiling the Application for Simulation
Building the Application for the Target Platform
Exporting Files from CoDeveloper

Creating a Quartus Project

Creating the New Platform

Configuring the New Platform

Generating the System

Generating the FPGA Bitmap

Running the Application on the Platform

Note: This tutorial assumes you have purchased or are evaluating the CoDeveloper Platform
Support Package for Altera Nios Il, and that you have installed and have valid licenses for the Altera
Quartus Il, SOPC Builder, and Nios Il IDE products.
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Loading the Hello World Application

Hello World Tutorial for Nios Il, Step 1

To begin, start the CoDeveloper Application Manager by selecting Application Manager from the Start -
> Programs -> Impulse Accelerated Technologies -> CoDeveloper program group.

Note: this tutorial assumes that you have already read and understand the basic "Hello World" tutorial
presented in the CoDeveloper User's Guide.

Open the Altera Nios Il Hello World sample project by selecting Open Project from the File menu, or by
clicking the Open Project toolbar button. Navigate to the .\Examples\Embedded\HelloWorld_NIOS
directory within your CoDeveloper installation. (You may wish to copy this example to an alternate
directory before beginning.) Opening the project will display a window similar to the following:

_R Impisesolveye operatpliEa o arae et el B oy i e oo ol i B B e ol il S|

File Edit Miew Project Tools Window Help l

FPed B8 E & BE dH AN g EEe TR S
. B DHEIIDWDrId_sw.c DHelloWorId_hw.c

|
1 FIELELES LSS EF SRR LRSS LRSS LSS PSSR SR ES i e S
] @.&pplicationHelloWorld 2 Af Copyright (c) 2004, Impulse Accelerated Technologies, Inc.
=5 Source Files 3 #4 All Rights Reserwved.
S';'"@ Helloworld_sw.c = 4 ) )
h'{i@ Hellowarld_hw.c g ﬁ;’ HellolWorld hw.c: Hardware processes and configuration code
(2 Header Files 7
- . .
L‘_:] Project Fllesl g #include "co.h”
=I+{3 Document Filss 9 #include "cosim log.h”
E) Readme.htm 10
ﬁ Other Files 11 A4 Goftware process, defined in HelloWorld sw.c
1z extern void hear_hello(co_stream hello_in):
13
14 woid say hellofco_stream hello out)
15 e
1g int i = 0;
17 IF 3IM{cosim logwindow log = cosim logwindow_create("say_
13
149 co_stream_openthello_out, 0_WRONLY, INT TYPE(3Z)):
N

Files included in the HelloWorld project include:

Source files HelloWorld_sw.c and HelloWorld_hw.c - These source files represent the complete
application, including the main() function, a software process, and a single hardware process.

Quartus subdirectory - Files in the Quartus subdirectory are used later in this tutorial to simplify the
creation of the hardware platform.

Note

Due to limitations in the Altera SOPC Builder software, CoDeveloper projects must not be located in a
directory that includes spaces in its name (such as "My Documents").

See Also

Step 2: Compiling the Application for Simulation
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Tutorial 1: Hello World on the Nios Il platform

1.2  Compiling the Application for Simulation
Hello World Tutorial for Nios Il, Step 2

Before compiling the HelloWorld application to the target Nios Il platform, let's first take a moment to
understand its basic operation and the contents of its primary source files.

The specific process that we will be compiling to hardware is represented in HelloWorld_hw.c by the
following function:

voi d say_hell o(co_stream hel |l o_out)
This hardware process simply sends data to an output stream (hello_out).

This hardware process is accompanied in the HelloWorld_hw.c file by a configuration function
(config_hello()) that specifies the connection between the hello_out output stream and the
corresponding input stream for the software process hear_hello.

The process hear_hello (which is declared as an extern function at the start of HelloWorld_hw.c) is
defined in the source file HelloWorld_sw.c. This process will, when compiled, be loaded onto the Nios
Il processor and will communicate with the FPGA hardware via an automatically-generated
hardware/software interface. In this case the software process simply reads data from the stream
associated with the hardware process. (In a more typical Impulse C application there are multiple
input/output streams associated with a given hardware process.)

HelloWorld_sw.c also includes a main() function for the application. This main() function makes
reference to the lower-level configuration function config_hello() through the Impulse C standard
function co_initialize(), which has been declared as an extern function and may be found in
HelloWorld_hw.c.

Note: the organization of source files shown in this example is not required, but is recommended in
order to simplify the compilation process. It is a good idea to keep the main() function and software
processes of your application in one file or set of files (as shown), and to place hardware processes,
configuration function, and co_initialize() in one or more different files. Doing so will avoid potential
problems with cross-compiler incompatibilities between hardware and software processes as well as
simplify the compilation and linking of complete applications for desktop simulation.

Simulating the Hello World Application
To compile and simulate the application for the purpose of functional verification:
1. Select Project -> Build Simulation Executable (or click the Build Simulation Executable button) to

build the HelloWorld.exe executable. A command window will open, displaying the compile and
link messages as shown below:
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======== Building target 'build_exe' in file _Makefile ========

"C:Ampulze/CoDeveloperd_30/MinGW /bindgec' -g "-IC: M mpulze\CoDeveloperd_304nchude" "IC: Ampulze/Col eveloperd_30/5taget aster/include" -DWIMN 32
"IC: Ampulze/CoDeveloperd_30MinEW Anciude’ -0 Hellow orld_bwy. o -c HelloWorld_hw. o

"C:Ampulze/CoDeveloperd_30/MinGw binfgec' -g "-IC: Mmpulze\CoDeveloperd_304nchude" "-IC: Ampulze/Coleveloperd_30/5tageM aster/include" -DWIMN 32
"I Ampulze/CoDeveloperd_30MinGEW Anclude’" -0 Hellow/orld_sw.o © HelloWorld_sw.c

"C:Ampulze/CoDeveloperd_30/MinGYw /binfgec” -g HelloWworld_hw. o Hellow/orld_sw.o "C: A mpulzehCol eveloper3_30\Libranies/mpulzeC.ib" -0 Hellow/orld. exe

2. You now have a Windows executable representing the HelloWorld application implemented as a
desktop (console) software application. Run this executable by selecting Project -> Launch
Simulation Executable. A command window will open and the simulation executable will run as
shown below:

"DivalterasxImpulseExamples*HellolWlorld _NIOSsHellolWorld.exe'
CPU listening for hello...

FPGA havrdware saps: B 1 2 3 456 V8 9

Press any key to continue...

Verify that the simulation produces the following output:

CPU listening for hello...
FPGA hardware says: 0123456789

Note that, although the displayed messages indicate that the FPGA hardware has generated the
indicated values, in fact the values are being generated by a hardware process which, for simulation

purposes, has been compiled as a software process on your host development system (Windows).
The next steps will show how to take this same Impulse C application and compile to actual hardware.

See Also

Step 3: Building the Application for the Target Platform

Tutorial 1: Hello World on the Nios Il platform

Building the Application for the Target Platform
Hello World Tutorial for Nios Il, Step 3

Specifying the Platform Support Package

The next step, prior to compiling and generating the HDL and related output files, is to select a platform
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target. Which target you select has a number of implications, including:

e The output file format (e.g., VHDL, Verilog, or other intermediate language)
e The primitive components that will be referenced in the output (e.g., memory cores or buffer types)
e The types of optimizations performed during compilation

e The software library components that will be generated

To specify a platform target, open the Generate Options dialog as shown below (Project -> Options,
Generate tab):

o o |
I IS d
Build ] Simulate  Generate lSystem] Hegistratiun]

Platform Support Package:

CoBuilder Optimization Options

[ Enable constant propagation

[ Scalarze aray variables

[ Belocate loop imvaniant expressions

Directaries

Additional optimizer options: Hardware build directary:
| |hw

Software build directony:

CoBuilder Generation Options |sw

[ Generate dual clocks

W Hardware export directone:

!E!uartus
[ Usze std_logic twpes for WHOL interfaces

Software export directorny:
W Donotinclude co_parts in bus interface

|E!uartus
Library optionz:

[ Include floating paoint library

=

[ Allow double-precizion types and operators

()4 | Cancel Help

Specify Altera Nios Il (VHDL) as shown. Also specify "hw" and "sw" for the hardware and software
directories as shown, and specify "Quartus” for the hardware and software export directories. Click OK
to save the options and exit the dialog.

Generate HDL for the Hardware Process
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To generate hardware in the form of HDL files, and to generate the associated software interfaces and
library files, select Generate HDL from the Project menu, or click on the Generate HDL button. A series
of processing steps will run (in a command window) as shown below:

el

Impulze C Software Interface Generator

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

Al rights rezerved.

Loading C: Ampulze/Coleveloper3_30 Amchitecturesfaltera_nios2 sml ...

Loading C:/lmpulze/Cal eveloperd_30/Architectures/dltera/Miog | cpu.sml ...

Loading C:Almpulze/Col eveloperd_30/AwchitecturesMHD L/ Generic/Generic/system.sml ..
Loading Hello'w'orld. xic ...

far i in HelloWwarld_sw.c; do cp $i sw; done

foriin ; do cp $i sw; done

chmod -B +nw s

When processing is complete, several files will have been created in the "hw" and "sw" subdirectories
of your project directory. Take a moment to review these generated files. They include:

Hardware directory ("hw")

e Generated VHDL source files (HelloWorld_comp.vhd, HelloWorld_top.vhd and subsystem.vhd)
representing the hardware process and the generated hardware stream interface.

¢ A lib subdirectory containing required VHDL library elements.

¢ A class subdirectory containing generated files required by the Altera SOPC Builder tools.

Software directory ("sw")

¢ C source files extracted from the project that are required for compilation to the embedded
processor (in this case Helloworld_sw.c).

¢ A generated C file (co_init.c) containing the hardware configuration function. This file will also be
compiled to the embedded processor.

¢ A class subdirectory containing additional software libraries to be compiled as part of the
embedded software application. These libraries implement the software side of the
hardware/software interface.

If you are an experienced Altera tools user, you may copy these files manually to your Altera project
area and, if needed, modify them to suit your needs. In the next step, however, we will show how to

use the hardware and software export features of CoDeveloper to move these files into your Altera
project automatically.

See Also

Step 4: Exporting Files from CoDeveloper

Tutorial 1: Hello World on the Nios Il platform
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1.4  Exporting Files from CoDeveloper

Hello World Tutorial for Nios II, Step 4

As you saw in the previous step, CoDeveloper creates a number of hardware and software-related
output files that must all be used to create a complete hardware/software application on the target
platform (in this case an Altera FPGA with an embedded Nios Il processor). You can, if you wish, copy
these files manually and integrate them into your existing Altera projects. Alternatively, you can use the
export features of CoDeveloper to integrate the files into the Altera tools semi-automatically. This
section will walk you through the process, using a new Quartus project as an example.

Note: you must have the Altera Quartus Il (version 4.0 or later) and SOPC Builder software installed in
order to proceed with this and subsequent steps.

Recall that in Step 3 you specified the directory "Quartus" as the export target for hardware and
software:

o o |
I IS d
Build ] Simulate  Generate lSystem] Hegistratiun]

Platform Support Package:

CoBuilder Optimization Options

[ Enable constant propagation

[ Scalarze aray variables

[ Belocate loop imvaniant expressions

Directaries

Additional optimizer options: Hardware build directary:

| [

Software build directony:

CoBuilder Generation Options |sw

[ Generate dual clocks

W Hardware export directone:

] ) !E!uartus
[ Usze std_logic twpes for WHOL interfaces
Software export directorny:

W Donotinclude co_parts in bus interface
|E!uartus

Library optionz:

[ Include floating paoint library

=

[ Allow double-precizion types and operators

()4 | Cancel Help
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These export directories specify where the generated hardware and software files are to be copied
when the Export Software and Export Hardware features of CoDeveloper are invoked. Within these
target directories (in this case we have specified both directories as "Quartus"), the specific destination
(which may be a subdirectory under "Quartus") for each file is determined from the Platform Support
Package architecture library files. It is therefore important that the correct Platform Support Package
(in this case, Altera Nios Il) is selected prior to starting the export process.

To export the files from the build directories (in this case "hw" and "sw") to the export directories (in this
case the "Quartus" directory), select Project -> Export Generated Hardware (HDL) and Project ->
Export Generated Software, or select the Export Generated Hardware and Export Generated Software
buttons from the toolbar.

Impulze CHOL Design Generataor

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

Al rights rezerved.

Loading C:Ampulze/CoDeveloperd_30/Anchitectures/altera_nios2 xml ...

Loading C:/mpulze/CoDeveloperd 30/ArchitecturesWMHDLAAera/dyvalonbus, wml ...
Loading C:lmpulze/CoDeveloperd_30/ArchitecturesYHDL target. <ml ..

Loading C: Ampulze/CoD eveloperd_30/AmchitecturesAVHDL A kerastechnology. <mil ..
Loading C:Ampulee/Col eveloperd 30 AmchitecturesAWVHDL Genenc/Genencd/spstem.«mi ..
Loading Hella\world.sic ...

|"C:Ampulse/CoDeveloperd_30/bindmpulze_genvhdlexe” Helow orld. xhaw hiaHelldWworld_comp.vhd
Impulze C ATL Companent Generator

Copyright 2002-2007, Impulze Accelerated Technologies, Inc.

Al rights rezerved.

Generating zap_hella ...

—-Software achivated--

chrmod -F +ne b

"C:/Impulse/CoDeveloperd_30/bindmpulse_lib" "-aC:/lmpulse/CoDeveloperd_30/Achitectures/altera_nios2. sml"* -hvedithe -files "HelloWorld_sw.c"'
HelloW orld. sic sw/co_init.c

Impulze C Software Interface Generator

Copuright 2002-2007, Impulze Accelerated Technologies. Inc.

All rights rezerved,

Impulse C Software Interface Generator

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

Al rights reserved.

Loading C:Ampulze/Caleveloperd 30 Amhitectures/altera_nios2.=ml ...

Loading C:/mpulze/CoDeveloperd 30/Amchitectures/Aliera/Miosll Aopu.sml ...

Loading C:/lmpulze/CoD eveloperd 30 AmchitecturesAHDLAG eneric/G eneric/system. «ml ..
Loading HelloWorld.=ic ...

for i in HelloWworld_sw.c; do cp $i sw; done

foriin ; do cp $i sw; done

chmod -A +nw s

"C./Impulze/CoDeveloperd 30/bin/impulse_export’ -software -srodirsw "-aC/mpulze/CoDeveloperd_30/Architectures/altera_nioz2. sml" Hellolworld. xic
"Duartus"

Impulse C Design Exporter

Copyright 2002-2007, Impulse Accelerated Technologies, Inc.

Al rights reserved.

Loading C:Ampulze/Caleveloperd 30 Amhitectures/altera_nios2.=ml ...

Loading C:/mpulze/CoDeveloperd 30/Amchitectures/Altera/Miosll Aopu.sml ...

Loading Helloworld.xic ...

Note: you must select BOTH Export Software and Export Hardware before going onto the next step.
You have now exported all necessary files from CoDeveloper to the Quartus project directory.
See Also

Step 5: Creating a Quartus Project

Tutorial 1: Hello World on the Nios Il platform
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1.5 Creating a Quartus Project
Hello World Tutorial for Nios Il, Step 5

Now we'll move into the Altera tool environment. Begin by launching Altera Quartus Il (from the
Windows Start -> All Programs -> altera -> Quartus Il 8.0 -> Quartus Il 8.0 (32-Bit)). Open a new
project by selecting File -> New Project Wizard.

@

Su §
D = N BV SO E RSN e Nl E I el O A d
Project Mavigator
E kit The N_ew Project wWizard helpz you create a new project and preliminan project settings, including the
A Compilation following:
* Project name and directary
L ] Marme of the top-level design entity
[ ] Project files and librariez
& Target device family and device
* EDA, tool zettings

You zan change the settings for an exizting project and specify additional project-wide zettingz with
the Settings command [Szsignmentz menu). rou can use the varous pages of the Settings dialog box
to add functionality to the project.

_@Hilﬁerarchj,I E

Skakus
Maodule

[ Don't show me this introduction again

Tasks

Flaw: | Full Desig| | Mext s | Cancel
Task ¥ _

In the field prompting you for the new project's working directory, use the browse button and find the
directory (Quartus) to which you exported the hardware and software files in the previous step:
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BT

Wwhhat iz the working directory for this project?

]D Aalterah 80 quartuzhbin

Wwihat iz the

—]

Wwihat iz the

exactly mal

e

|Jze E iz

Salaei bjpaeipy @1

Look in: | -3 Helldworld_NIDS - & E® ek E-
1 Chw Hellowiorld. pky
i_"ﬁ '!:‘_xzi“:.‘é.w; Helloworld, sic
My Recent ICSiReadmeFiles = HellotWorld, smd
Docurents Csw =] Helloworld.snt
B [F]_Exe_Helloworld. bat Hellowarld, b
%] _Make_Helloworld.bat [ HellaWwarld. xic

Dezktop

by Documents
-
]
48
My Cornputer
by NeTwu:urk
Places

_Makefile EJ Hellohworld_hw,c
_Makefile.defs EI HelloWorld_hw.o
Eij CoDeveloper.log E_j Hellohorld_sw.c
CoDeveloper.log,done Hellobworld_sw.o
EHEIIDWDrId.exe EReadme.htm

=] Hellowarld.i

|ﬂ Hellowyarld, icProj
Hello\World, pko
Hello'world, pkl

File name: [:Aalteras mpulzeE sampleshHellotw/orld_MIOS LJ Open |
Cancel

Select the Quartus directory and click Open. On page one of the New Project Wizard dialog, enter
HelloWorld in both the project name and top-level design entity fields as shown:

© 2003-2009 Impulse Accelerated Technologies



Tutorial 1: Hello World on the Nios Il platform, Cyclone Ill FPGA 11

IN WO E S et S e G OT SN e el O e SE N E LT L L i e e O] LE

“What is the warking directony for thiz project’?
|D:'\altera"-.lmpulseE:-:ampIes'\Hellu:uWu:urIu:I_NIEIS"aEJ Lartuz

“What iz the name of this project?

[Heliw/oid ;:J

Ywhat iz the name of the top-level design entity for thiz project? Thiz name iz case sensitive and must
exactly match the entity name in the desian file.

[Heloword ;:J

IJze Exizting Project Settings ...

< Back | Mext » | Finizh Cancel

Now click Next.

Now you will import the VHDL files generated by CoDeveloper to your Quartus project. In the Add
Files page (page 2), add the files in the following order:

1. Core logic files in the user_logic_HelloWorld_arch_module subdirectory: subsystem.vhd,
HelloWorld_top.vhd and HelloWorld_comp.vhd
2. All .vhd files in the impulse_lib subdirectory

The files should be listed in the opposite order from which they were added (e.g. the impulse_lib files
should be at the top of the list):
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N E RO LS e Nl SR [ B | S (et e B ]

Select the dezign files pou want to include in the project. Click Add Al to add all design files in the
project directory to the project. Mote: vou can alwaps add design files to the project later,

File name: | b | |
File name [ Type Add Al
impulze_lib/ avalon_if.vhd WHOL File
impulze_lib/creqizter. vhd WHOL File
impulze_lib/czignal vhd YWHOL File
impulze_lib/divrnod. vikd WHOL File
impulze_libAAifo.vhd WHOL File
impulze_libMifo_de.vhd WHOL File
impulze_lib/gmem. vhd YWHOL File
impulze_libAmpack. vkd WHOL File
impulze_lib/men_if. vhd WHOL File
impulze_lib/sema.vhd WHOL File
impulze_lib/streamn. vhd YWHOL File
impulze_lib/streamn_de.vhd WHOL File
wzer_logic_Hellobw/'orld_arch_module/Hellovw orld_comp.vhd  WHDL File
uzer_logic_Hello\w'orld_arch_module/Hellolw orld_top.vhd WHOL File
uzer_logic_Helloworld_arch_module/subzpstemn. vhd WHOL File
Specify the path names of any non-default libraries. User Libraries...
< Back | Mext » Finizh Cancel

Click Next to proceed.

In the Family and Device Settings page (page 3) select the device you will be targeting. For this
example we will choose Cyclone Ill, EP3C25F324C6 device, with 324 pins and speed grade 6. This is

the FPGA used in the Cyclone Ill FPGA Evaluation Kit.
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Select the family and device you want ta target for cormpilation.

— Device family — Show it ‘Available device' list
Family: II:ycInne 1] j Package: Ay *
Dieyices; |-"-"-|| d Fin count; 324 -
~ T arget device Speed grade: IE j‘
" &uto device selected by the Fitter ¥ Show advanced devices
' Specific device zelected in ‘Bvailable devices' list [T HardCapy compatible arly

Avalable devices:

M ame | Core ... | LE= | zerlf... | kdemor... | Embed... | PLL | I

EF3C25F324CE 2 24524 B0E2

]

EF3C40F324CE 1.2 33600 136 1181216 22 4

S E

= Companion device

HardCopy: |

¥ Lirmit DSP & Fab to HardCopy device resource

=

< Back I Mest » I

Finizh Cancel

Click Next again. Skip the EDA Tool Settings page (page 4) by again clicking Next.

You will see a Summary page listing the options you have chosen as shown below:
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T BN RNV et ] S TR ] (Y e e ]

wihen pou click Finizh, the project will be created with the following settings:

Praoject directan:

[ AalteradimpulzeE samplez/Hellotworld_MI0S Quartusd

Project name: Hella'wfarld
Top-evel dezign entity: Hellotforld
Mumber of files added: 15
Mumber of uzer libraries added: 0
Device azsignments:
Family narne: Cyclone |11
Device: EP3C25F324CE
EDA tools:
Design entrysynthesis: <Mones
Simulation: <M ok
Timing analyzis: <Maones
Operating conditions:
WCCINT voltage: 1.2
Junction temperature rangs; 0-85 °C

< Back | Finizh | Cancel

Click Finish to exit the Wizard and return to Quartus.

The next steps will demonstrate how to create and configure a hardware system with a Nios Il
processor and the necessary I/O interfaces for our sample application.

See Also

Step 6: Creating the New Platform

Tutorial 1: Hello World on the Nios Il platform
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1.6 Creating the New Platform
Hello World Tutorial for Nios Il, Step 6

Now that you have created a Quartus project using the wizard, you will need to specify additional
information about your platform in order to support the requirements of your software/hardware
application. These steps include the creation of a hardware system with a Nios Il processor and the
necessary 1/O elements.

You will use SOPC Builder to create a hardware system containing an Altera Nios Il embedded
processor, the FPGA module created for the HelloWorld hardware process by CoBuilder, and several
necessary peripherals. To do this, select Tools -> SOPC Builder to start SOPC Builder.

A new SOPC Builder window will appear. In the Create New System dialog that appears, enter
HelloWorldSystem as the System Name, and specify VHDL for the Target HDL Language:

e |

File Edit Module System ‘View Toolz Help

System Corterts | System Generation

_J Altera SOPC Builder Target Clock Settings
poU) Create new component...

Mios || Processar

[#-Bridges and Adapters

[#-Interface Protocols

#-Legacy Components

[#-hemaries and Memary Controllers

*-Peripherals

&-PLL e | Mo

TS S L]
#-USE

#-User Logic System Matme: HelloWorIdSystem|

Device Family:| Cyclone Il [~ Mame Source MHz o

@ Clock Base End

[#-%iden and Image Processing
Target HOL: () Werilog

(&) WHDL
' 1]
& = A& oy v (=8 ) Address Map. .. J [ Filter ...
@ Info: Your system is ready to generate.
Exit 4 Fre Mext [ l [ Generate

Click OK to continue.

Note: the System Name that you specify in this step must be a valid VHDL identifier: specifically, it
must not begin with a numeric character or include spaces or other non-alphanumeric characters other
than the underscore character ().

See Also

Step 7: Configuring the New Platform

Tutorial 1: Hello World on the Nios Il platform
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1.7

Configuring the New Platform

Hello World Tutorial for Nios I, Step 7

The following instructions will lead you through the process of creating your Nios Il-based platform
using SOPC Builder. This process requires many steps, but will only need to be done once for each
new project that you create.

We'll begin by adding the largest component of the HelloWorld system, the Nios Il processor. From
the System Contents tab (on the left side of the SOPC Builder window), double-click Nios Il
Processor under Altera SOPC Builder. The Nios Il Processor - cpu configuration Wizard will
appear. Select the Nios ll/s core as shown below:

S Tus [ H g5y - e i

=

Megolers

Nios II Processor

Documentation

Parameter
Settings

Core Mios IT Caches and Memory Interfaces Advanced Features MMU and MPU Settings ITAG Debug Module Custom Instruckions

Core Mios ||

Select a Nios Il core:

Family; Cvclone ll
feystem: 50.0 MHZ

cpuid: 0
Performance at S0.0 MHz Up to & DMIPS
Logic Usage E00-700 LE=

Memory Usage Twvo M3Ks (or equiv.)

Harchware Multioly: | Erbedded huttiplisrs

Branch Prediction
Hardware Multiply
Hardware Divide

Lp ta 32 DMIPS
1200-1400 LEs
Twvo M3Ks + cache

| | [] Hardware Divide

ONios Ilfe |®Nios Iifs O Nios If
. RISC RIZC RISC
Nios Il 32-bit 32 bit 32-hit
Selector Guide Instruction Cache Inztruction Cache

Branch Prediction

Hardware Muttiphy

Hardware Divide

Barrel Shifter

Data Cache

Dynamic Branch Prediction
Up ta 57 DMIPS

1400-1500 LE=

Three MKz + cache

Click Finish to add the Nios Il CPU to the system and return to SOPC Builder. A module called cpu

appears in the SOPC window.

Al eSS T dEyaet B 3ol b Systempsop sl Al tevas mp i Se ks pl s S e ol o BN (AR et assh S oW dsystenmpsop s J J a1
File Edit Module System iew Tools Niosll Help |
System Cantents | System Generation|
# Altera SOPC Builder Target Clock Seftings
: Device Family: Cyclone Il Mame Source MHz add
idges and Adapters ek |External !50'0 | Re
erface Protocols
Legacy Components
emaries and Memory Controllers
ripherals
L Use | Con.. | Module Name Description Clock Base End IRGy
usE i = cpu M i | | ==
User Logic instruction_master Avalon Memory Mapped Master il:ll(
den and Image Processing data_master Avalon Memory Mapped Master IEQ O IRQ 31—
Jtag_debug_module Avalon Memory Mapped Slave 000000800 |[0x00000f££ |

Next, you must add the necessary peripherals to the new Nios Il system. If you are not familiar with
how to do this in SOPC Builder, you may wish to review the information provided in your Nios Il
Development Kit documents, and in particular the tutorials provided by Altera. Refer to the
instructions provided by Altera in the following file:
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http://www.altera.com/literature/tt/tt nios2 hardware tutorial.pdf

Using the methods described in the Altera documentation (and summarized below), you will need to

add the following components:

On-Chip Memory

To add the on-chip memory peripheral, onchip_mem, perform the following steps:

Locate Memories and Memory Controllers -> On-Chip -> On-Chip Memory (RAM or ROM) and
double-click to add. The On-Chip Memory (RAM or ROM) - onchip_mem wizard displays.

In the Size box, type in 20 as memory size, and make sure the unit is KBytes:

File Edit Module System  View Tools

System Corterts | System Generation

13 Atera SOPC Builder

-] Creste new component...

2 Moz Il Processar

#-Bridges and Adapters

[#-Interface Protocols

+-l egacy Components

=-Memoties and Memory Controllers

[#k-DhA

[#-Flazh

-Cn-Chig
e ® Byalon-5T Dual Clock FIFO

{1

2 Avalon-5T Round Rokin Sch
2 Ayalon-5T Single Clock FIFD
-] On Chlp FIFO Memnry
;’_'—--SDRAM

F-SRAM

[#-Peripherals

#-PLL

#-USE

#-User Logic

-idea and Image Processing

2 Ayalon-ST Muti-Channel Sha

@1

E RnEE TP ey AN TR nEh PR

On-Chip Memory
E«u (RAM or ROM)

Documentation

Memory twpe—

(2 RaM (ritahle) ) ROM (Read-anly)
[] bual-port access

Read During Write Mode:
Bilock type: At ]

Initialize memory content

femary will be intislized from onchip_mem hex

Size

Data width: 32 ]

Tatal memory size: ;1:3 HByvtes |
Read latency

Slave 510 |4 [+ Slave 52 4

Mermany initialization-
[] Enable non-defautt inttislization file
Uzer-crested initialization file: e

|:| Enahble In-System Memoary Contert Editar festure

Instance IC:
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Click Finish. You are returned to the Altera SOPC Builder window.

JTAG UART Interface

The JTAG UART is used for communication between the board and the host machine and for
debugging software running on the Nios Il processor. To add the JTAG UART peripheral, jtag_uart,

perform the following steps:

Locate Interface Protocols -> Serial -> JTAG UART, and double-click to add. The JTAG UART -

jtag_uart wizard displays.
Leave all options at their default settings.

4 R TAGHI AR e fap

File Edit Module System “iew Too m JTAG UART

System Corterts | System Generation

H3 Attera SOPC Builder

- Creste nevw component...
-~ @ Mioz |l Processar

[#-Bridoes and Adapters

=i.!"4l'¢erface Protocols rfrite FIFO (Data from Avalon to JTAG)

Pararmeker
Setbings

Configuration Sirnulation

|:| Conzstruct using registers instead of memory blocks

Awvalon-5T JTAG Interface | -Read FIFO (Data from JTAG to Avalon)-
Avalon-ST Serial Peripheral

o UART (RS-232 Serial Port) |:| Construct using registers instead of memory blocks
#-Legacy Components E
[#-Memaries snd Memary Controllers

(iDocumentation |

Euffer depth (bytes) g4 !._' IRG threshold: |5

Buffer depth (bytes) gy !T' IRG threshald: |5

Click Finish. You are returned to the Altera SOPC Builder window.

Adding the Hardware Process Module "HelloWorld_arch”

Now add the HelloWorld_arch module, which implements the HelloWorld hardware process. Locate

User Logic -> HelloWorld_arch module and double-click to add:
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AlterasOPE Burlder: - HelloWorlds

_File Edit Module

System  Vieww  Tools

system Conterts | System Generation

.4¥"4£"4¥"4¥"4¥"4¥"4¥""?

I-*ideo and Image Processing

F Altera SOPC Builder

1) Create newy componert...
¥ Mioz Il Processar

|-Bridges and Adapters

|-interface Protocals

I-Legacy Components

|-dlemories and Memory Controllers
|-Peripherals

~PLL

|-U=E

--U;er Logic

You have now completed adding the necessary peripherals. The modules and their associated names
should appear as shown below:

Editing CPU Settings

Now double-click the cpu module to edit its settings. Change the Memory for both Reset Vector and

Target Clock Settings
Dievice Family:| Cyclane Il Mame Source
clk External
Use Con... hodule Mame Description Clock
Iil Elepit i :
— instruction_master Avalon Memory happed Master clk
— data_master Avalon Memory Mapped Master
Jjtag_debug_module Avalon Memory Mapped Slave
E onchip_mem On-Chip Memory (RAM or ROW)
=1 Avalon Memory Mapped Slave clk
Bl jtag_uart JTAG UART
avalon_jtag_slave Avalon Memory Mapped Slave clk
1 E user_logic_HelloWorld_arch_module_classic_0 [Hellovworld_arch module
p_hear_hello_helo_in Avalon Memory Mapped Slave clk

Exception Vector to onchip_mem, as shown:

MHz
50.0
Baze
IRQ O
0x00000800
000002000
0x00000000
0x00000010

Aol
End IR
IRQ 21
Ox00000£Lf
Ox0000E£££
Ox00000007
Ox0000001 £
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S s I E e sasar - el

lrcore Mios 11

Select a Nios Il core:

Nios II Processor

Caches and Memory Interfaces

Adwanced Features

MMU and MPL Settings ITAG Debug Module

ONios llfe |®Nios Iifs ONios IIF
. RISC RISC RISC
Nios Il 32-bit 32-hit 32-hit
Selectar Guide Instruction Cache Instruction Cache
Branch Prediction Branch Preciction

Family; Cyclone Il
{oystem: 50.0MHZ

cpuid: 0
Perfortmance st 50.0 MHz Lpto & DMIPS
Logic: Usage GO0-700 LEs

Memory Usage Twvo MK (or equirv.)

Hardware Multinly' | prbedded Multipliers

Reset Yector: Memary: onchip_mem

Exception Vector:  hemory:

Hardware Multiply
Hardware Divide

Up to 32 DMIPS
1200-1400 LE=
Twvo MAKs + cache

| []Harchware Divide

[] Offset: gun

| [ Offset: oxzn

Hardware Muttiply

Hardware Divide

Barrel Shifter

Data Cache

Dynamic Branch Prediction
Up ta 57 DMIPS

1400-1500 LEs

Three MKz + cache

000002000
000002020

Documentation

Click OK to save the changes.

Assigning Addresses

Next, select the SOPC Builder menu System -> Auto-Assigh Base Addresses. This will automatically
assign addresses to each memory-based module. Address space conflict can be avoided. The system
will look like the following after the address assigning is done.

Use Con...  Module Name Description Clock Baze End IRG
instruction_master Avalon Memory Mapped Master clk
data_master Avalon Memory Mapped Master IRQ O IRD 31
jtag_debug_module Avalon Memory Mapped Slave 0300010800 |[0x00010££f

E onchip_mem On-Chip Memary (RAM ar ROM)
=1 Avalon Memory Mapped Slave clk 0x00008000 (0x0000cfEff

B jtag_uart T8 UART
avalon_jtag_slave Avalon Memory Mapped Slave clk 0300011010 |0x00011017

E user_logic_HelloWorld_arch_module_classic_0 |HelidWiorld_srch module
p_hear_helo_helo_in Avalon Memory Mapped Slave clk 0300011000 |(0x0001100f£

Save the system settings by selecting from the menu File -> Save.
Your new Nios Il platform is ready for system generation.
See Also

Step 8: Generating the System

Tutorial 1: Hello World on the Nios Il platform
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1.8 Generating the System

Hello World Tutorial for Nios Il, Step 8

At this point you have set up and configured your new Nios ll-based platform, including the hardware
module generated by CoBuilder, and can now start the system generation process within SOPC
Builder.

Click Generate on the bottom of the SOPC Builder window to generate the system. The SOPC
Builder will automatically switch to the System Generation tab and display generation
information.Make sure the Simulation option is unchecked to save time. This process may take
several minutes.

EAliEraSUEE T dereshel ¥ oyl dbystemesopral I ESaT T eral mpiSebarmpl esthl el oWor o SN SR ETT BB S ._J _j LE
File Edit Module System View Tools Miosll Help

| System Cortents .

Options
System module logic will be created in WHDL.
|:| Sirmulation. Create project simulatar files .

Mg || Toals

Mioz Il IDE

@ Infa: Guartus || Shell was successful. 0 errors, O warnings
Infa: Peak vidual memary: 47 megabytes
Info: Processing ended: Wed Feb 15 15:46:19 2008
Infa: Elapsed time: 00:00:00
Info; Total CPUtime (on all processars); 00:00:00
# 200802158 15:46:19 (*) Completed generation for system: HelloWiarldSy stem.
# 2009.02.18 15:46:19 (*) THE FOLLOWWNG SYSTEM ITEMS HAWE BEEN GENERATED:
SOPC Builder database : D fattersilmpulseExamplesMHellovviorld WIS RuartuzHeloworldSystem ptf
System HOL Madel | Dfatter almpulzeExamplesMHelloviorld _NIC S GuartusHellowvorldSy stem vhd
System Generation Script | D fatteradmpulseExamplesHelloWorld _NIOSQuartusHeloorldSystem_generation_script
# 2009.02.18 15:46:19 (*) SUCCESS: SYSTEM GEMERATICON COMPLETED.
-\e;) Info: System generation vwas successtul.

@ Infa: Your system is ready to generate.

(ea] [me] [(Arer] e

When generation is complete you may exit SOPC Builder and return to Quartus.
Creating a Block Diagram

Now you will need to create a block diagram to connect the complete SOPC Builder-generated system
(which includes the HelloWorld hardware process module, the Nios Il processor, and peripherals) to
the pins on the FPGA. Open a File -> New dialogue from the Quartus menu, and select Block
Diagram/Schematic File as shown below:
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INew,

SOPC Builder System
= Dezign Files
AHDL Fie

EDIF File
State Machine File
Systemtenlog HDL File
Tl Script File
Yerilog HOL File
WHOL File

= Memamy Files
Heradecimal [Intel-Format) File
kemory | ritialization File

= erifization/Debugging Files
|n-System Sources and Probes File
Logiz Analyzer Interface File
SignalT ap || Logic Analyzer File
Wector W aveform File

=~ Other Filez
AHDL Include File
Block Symbal File
Chain Dezcription File
Synopsys Design Congtraints File
Text File

Ok

Cancel

Click OK, and a new DBF file will appear. Now add the block representing the SOPC Builder-generated
system. Double-click anywhere in the new block diagram file to bring up the Symbol dialog. Open the
Project folder and select the HelloWorldSystem symbol as shown below:
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Sl

Libraries:
E & Project

H |:|:.-';;alter;;.-"E.I:I.-"q&art.u;.-"iil:uraries.-" 1

I arme:
|HEIIDWDrIdS_I,Istem J

[ Bepeatinzert mode

[ Inzert symbol as block
-

tegatwiizard Flug-In M anager. .. | ................................................

Cancel

Click OK, and a symbol outline appears attached to the mouse pointer. Drag the symbol to a proper
location in the Block Diagram.

............. ——reset_n

Next, bring up the Symbol dialog again, and select input port as shown below:
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- 1 %
Soauiiul di

LItIfEIfIES ................................................

= E Project L L L L B L S R L R S e R B e e e e e e e S
"'ﬂ- HE"DWDHIjS_l,IStEm ................................................

E & d/altera/80/quartus/libraries/ FErE i T st b T e e e e e
E—}IC:I megafunctigng ................................................
HET others FEreirTe T erere st s e r T s e e e ey
EHE: primitives FErE i T st b T e e e e e
O buffer FErE i T st b T e e e e e
:-Etlh:.gu: ................................................
FET ather FErE i T st b T e e e e e
E]Epln ................................................

-1 bidi ST Coooonedrr e e
| ) input

- LEF output SR Rl e ey ey
.__“_]Gstl:lrage ................................................

[ =N | =L e o B B o e o B B o B e B B B B S B B D B B

|in|:|ut J L L L L B L S R L R S e R B e e e e e e e S

r Hepeat-insert ITIEIIjE ................................................

r ................................................

Jiiy y L L L L B L S R L R S e R B e e e e e e e S

Megatfizard Plug-ln Manager... | e

Cancel

Click OK to add the input port to the block diagram.
Next, bring up the Symbol dialog again, and select vcc as shown below:
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Soauiiul

Libraries:

HE megafunctions

HE athers

EHEE primitives
FHE buffer
FE logic

FHEr ather
i EP constant
gnd
param
fitle:
it

o

&
&
&
2

FE pin =

F5 storane:

[ = | = o e L B e o e B B o B e B B B B B S B B D B B

N

|Vl3l3

[ Repeat-inzert mode
-
=

| e N e B R S S I I I I e
Cancel

Click OK to add the vcc to the block diagram. Align the input port with the clk pin, and the vcc to the
reset_n pin on the block diagram as shown:

tegatwiizard FPlug-In Manager...

HelloWWorld Sy stem

clk
reset_n

Change the name of the input port by double-clicking it, and then type in the name osc_clk in the Pin
name box.
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; ]
[ FIS e ES: ﬂ

General ] Format ]

To create multiple ping, enter a name in AHDL buz notation [for example,
"name[3..0]"]. or enter a comma-zeparated lizt of names.

Fin name(z]: ||:u$|:_|:||<|

Drefault walue: |"-.fI:I: j

k. | Cancel

Click OK to accept the change.
Pin Assignment

The next step is to assign pins. Here we only have one pin that needs assignment. Right-click the
osc_clk pin, and select Locate in Assignment Editor.
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HelloWorldsystem poooraaoooaoaoaoiaaniaanaa ey
: clk i i i
e — ¥ cue Tt
o ey Chrl+C
DI e e
el Dl
| Ty ——
amaniiabab b Locake iryBin Blanner
iiiiiiiiiiiiiii | BY update Symbol or Block.
..................... B Locate in Timing Closure Floorplan
Ak Flip Harizontal Locate in Chip Planner {Floorplan & Chip Editor
La ﬁ Flip Vertical Locate in Besource Property Edibor
e e Rotate by Degrees r Locate in Technology Map Wiewer
i zem .o oot i
..................... Fis Locate in Design File
PTDPETUEE E::::::::::::::::::::::::::::::::::E

The Assignment Edit window will appear with the osc_clk pin:

e
T =
Laocations
o PLL
§ Comb. cell
[= Reagister cell
i Embedded multiplier block,

Clock control black.
Impedance control block.
Cscillatar black.

s

¥ Show assignments For specific nodes:

£ osc_ck
0@

I
=

|neuun;u1 | I LAyl spor 1] |

[This cell specifies the destination name For point-to-point assignments. For single-point assignments, this cell specifies the destination of the
Maode Finder bo assiqn a destination name.

Tx.l Edit: b ALY | osc_clk

7 |From ‘w .,|Ass,rgnmerit.w.a'm'é Value Enabled
1 Yes

In the Assignment Name column, choose Location from the list. In the Value column, type in V9 as
the pin location.

© 2003-2009 Impulse Accelerated Technologies



28 Impulse HelloWorld Tutorial for Altera Cyclonelll Evaluation Kit
A2 e ¥ A [ve
AT |From Ta Assignment MName Value Enabled
1 é’usc_clk Location o Yes
2 I‘@’nsc_clk Yes
|
Save your project. Save the block diagram file as HelloWorld.bdf. This will be your top-level design file
for the HelloWorld project.
Your project is now ready for bitmap generation and subsequent downloading.
Tip: you may wish to to save your Altera project at this point and save a copy for later use with other
CoBuilder-generated projects.
See Also
Step 9: Generating the FPGA Bitmap
Tutorial 1: Hello World on the Nios Il platform
1.9 Generating the FPGA Bitmap

Hello World Tutorial for Nios Il, Step 9

At this point, if you have followed the tutorial steps carefully you have successfully:

Generated hardware and software files from the CoDeveloper environment.

Created a new Altera Quartus Il project and used SOPC Builder to create a new Nios ll-based
platform.

Imported your CoDeveloper-generated files to the Altera tools environment.

Completed a block diagram and assigned pins for the selected FPGA device.

You are now ready to compile your design, generate the bitmap and download the complete application
to the target platform. This process is not complicated (at least in terms of your actions at the
keyboard) but can be quite time consuming due to the large amount of processing that is required
within the Altera tools.

To generate the bitmap, select Processing -> Start Compilation as shown below:
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@ e e B Ve L et r e s e e ol o S (S T e sy JE OO
@ File Edit View Project Assignments |2

Tools  indow  Help

DL & ]
Project Mavigator [ 3 <At Compilatiar
Entity ¥/ Analyze Currert File

Cyclone IIl: EP3C25F324C6
- 2 Hellow/orld

EDF

Skart

Ipdate Memory Initialization File

Note: this process may require a few minutes to complete, depending on the speed and memory of
your development system.

During compilation, Quartus will analyze the generate VHDL source files, synthesize the necessary
logic, and create logic that is subsequently placed and routed into the FPGA along with the Nios Il
processor and interface elements that were previously specified. The result will be a bitmap file (in the
appropriate Altera format) ready for downloading to the device.

When the bitstream has been generated, select Tools -> Programmer to open the new programming
file. Select File -> Save As and save the chain description file as HelloWorld.cdf (make sure the Add
file to current project option is selected).

The programming file HelloWorld.sof should be visible in the programming window. If it is not, select
Add File... and open HelloWorld.sof.

Enable Program/Configure for HelloWorld.sof and make sure your programming hardware (e.g., the
USB-Blaster [USB-0] cable) is configured properly. Click Start to begin downloading the
HelloWorld.sof file to the target device.

Note: If you don't have the full license for OpenCore Plus megafunctions, then a message will pop up.
Click OK to continue. The bitmap file with be named HelloWorld_time_limited.sof. After the
downloading is done, a OpenCore Plus Status message box will pop up. Don't click the Cancel
button. Otherwise the downloaded bitmap will be reset.

| Quartus - D:falteralimpulseExamples/HelloWorld NIDS/Quartus/HelloWorld - HelloWorld - [HelloWorld timesl...| = [B][%]

File Edit Processing Tools WWindow

éa Hardware Setup... USE-Blaster [USB'D] tode: |JTAI3 j Progress: 0%

[ Emnablz realtine ISP ta allow background programeing [for Mac 1| devices)

ph Stant File: Device ‘Checksum Usercode | Eroon%ir;m; erify | E:,?:gk Exarming Segﬁnt}l|
_HelloWorld_time_limited.... E 324 00349042 FFFFFFFE i e il e

ﬂ]ﬂ Auto Detect
> Delete

2 Add File...
T Change File...
(2 Add Device.

Now that the hardware is programmed, you are ready to download and run the software application on
the platform.
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See Also

Step 10: Running the Application on the Platform

Tutorial 1: Hello World on the Nios Il platform

1.10 Running the Application on the Platform
Hello World Tutorial for Nios Il, Step 10

In the previous step, you programmed the FPGA device with the design you created in Quartus and
SOPC Builder. Now you will use Altera Nios Il IDE to compile the software portion of the project and
run it on the development board.

Begin by starting the Nios Il IDE (usually available in the Windows Start menu -> All Programs ->
altera -> Nios Il EDS 8.0 -> Nios Il 8.0 IDE). If the Workspace Launcher dialog box appears, click
OK to use the default workspace.

A Nios Il IDE window will appear. To create a new project to manage the HelloWorld software files,
select File -> New -> Project...; the following wizard will appear:
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31

Select a wizard

The Mios II IDE will create and manage the makefile to build this application project.
The Mios IT IDE will also create and manage an associaked syskem library project,

e Hiujaet 3

\Wizards;
kvpe filker bexk

#-[= General

| Alkera Mios 1T

W=
= C++
*-[= Cys

': =

"

Select Altera Nios Il C/C++ Application as shown, and click Next.

Cancel

On the next page, select the project path, target hardware, and project template as follows, using the

Browse buttons to locate the appropriate Path and SOPC Builder System options:

Name: HelloWorld

Specify Location: checked

Path: D:\altera\lImpulseExamples\HelloWorld_NIOS\Quartus\software\HelloWorld_arch
(The project path should point to the software files that were exported by CoDeveloper in

Step 4.)
SOPC Builder System:

D:\altera\ImpulseExamples\HelloWorld_NIOS\Quartus\HelloWorldSystem.ptf

(This is the system .ptf file generated by SOPC Builder in Step 8.)
CPU: cpu

Select Project Template: Blank Project
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K. EWANOEGT LEI

Nios II C/C+ + Application

m

Click Finish ko create application with a defaulk svstem library as
D:halkeral ImpulseExamplesiHelloWaorld_MIOSCQuartusisafbwareiHelovorld

Mame: HelloWworld

Specify Location

Location: | D:halteralImpulseExamplesiHellobyorld_MIOS Quartusisaftware

Select Target Hardware,

SOPC Builder System PTF File: | a\ImpulseExarmplesiHeloWaorld_MICSyQuartustHelloborldSystem, ptf Browse, ..

CPLL cpu

Select Project Template

Blank Project. Descripkion
Board Diagnostics

; Creates a blank project
Counk Binary

Hello Freestanding Details
Hello MicroZfi05-11
Hella Warld ! Blank Project creates an emply project bo which you can add wour
Hello World Small code.
Mernary Tesk
Simple gncket i This software example runs on the Following Mios 11 hardware designs;
Wieh 5
RSl - Standard

- Full Featured

?n [ Mext = ][ Finish H Cancel J

Click Finish to create the new project. Two new projects (HelloWorld and HelloWorld_syslib)
should appear in the Nios Il C/C++ Projects window in the Nios Il IDE. Copy the software files that
were exported in Step 4 (co_init.c and HelloWorld_sw.c) to the HelloWorld project as shown below.
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Ll b I E-ES- @ B0 B B
B X - O
=

= altera,components
- 1=5 HelloWarld
#-12= HelloWorld %y

o elloWorldia G

File Edit  Wiew  Favar Tools  Help

Q Back - ?

Address [ D alkera\ ImpulseExamplesiHellow

|: % Folders E -

MICS Quartus) softwareiHellow'orld_arch

Folders
= [ Helloborld_NIOS
() b
=1 [T Quartus

The software files will appear under the HelloWorld project as shown below:

Mo UIIGIE = o= IDE
File Edit Mawigate Search Project Tools R

L Y. o G &% [
e x =
.;\_"';uv

= i

£ f;jﬁ- altera.components
[+ |£| co_jnit.c
[+ |£; Helloorld_sw. c
= application.skF
|_| readme, bxk

e HelloWorld_syslib [HelloWarld3ystem]

Before you compile the project, you need to adjust some of the project settings to minimize the size of
the executable file in order to fit the 20 KBytes onchip memroy. Right-click HelloWorld and select
System Library Properties. The Poperties dialog box of HelloWorld_syslib will appear.

Change to following settings:

e check Programs never exits
e uncheck Support C++

¢ uncheck Clean exit (flush buffers)
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e check Reduced device drivers

e check Small C library

- TPy BSOS ) | __.J Lj |

t| System Library

Infa Target Hardware

Builders

C/C++ Build SOPC Builder System:

ClC+H+ D.ocumentatlon cPLL

C/C++ File Types

CJC++ Include Paths anc Systern Library Contents Linker Script

C/C++ Indexer ~ finke -

C}C++ Make Praject RTOS: none (single-threaded) . (.} Custom linker scripk

C/C++ Projact Paths

Project References :

Refactoring History stdout; jtag_uark | (¥ Use auto-generated linker scripk

System Library ;
stderr: JFag_uart Pragram memary {.kexk): anchip_mern
stdin: jtag_uark Read-only data memory (. rodata): onchip_memn |
System clack timer: nene Readfwrite data memary ( rwdata): onchip_mem
Timestamp kimer: none Heap memary: onchip_mern |
IMax file descripkars: 32 SRR orCHIE e
- - -
Program never exits [ lean exit (Flush buffers) T A erarar e = rar it et
[ support C++ Reduced device drivers _

Exception stack memory

[ Lightweight device driver &PT Srnall C library
[ Link, with profiling library [IModelsim anky, no hardware suppart =i teation staek sz kel

[ unimplemented instruction handler [ Run time stack checking

Software Components..,

Help ] [ Restore Defaults ]

@ [ o ][ cancel

Click OK to save the changes.

Now build the project by right-clicking the HelloWorld project and selecting Build Project. The IDE
will build the HelloWorld_syslib system library, which includes a driver for the Impulse C hardware
module created by CoBuilder, along with the application software code in the HelloWorld project.
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L S SO P

.

il) Operation in progress...

| ]

Building Hellowarld. . .

[Mnh%ﬂmell Cancel H Details ==

Prabiams | Bl Console 2 Propetties
-Build [Hellovtorld]

#*%% Build of configuration Debug for project HellolWorld #+%+%%*

make -5 all includes
Compiling HelloWorld sw.c...
Compiling co_init.c...
Linking HelloWorld.elf...

Once the software has finished building, you are ready to run the application on the hardware platform.
Right-click the HelloWorld project and select Run As -> Nios Il Hardware. You should see the
following output in the Console window:

Problems &l Console 3 Properties

HelloWw'orld Mios IT HW configuration [Mios IT Hardware] Mios IT Terminal Window (2§ 19/09 12:03 PM)
niozi-terminal: connected Lo hardware target using JTAG TART on cabhle
niozi-terminal: "USE-EBlaster [UIE-0]7, device 1, instance 0O
nioczi-terminal: [(Use the IDE stop button or Ctrl-C to terminate)

CPUT listening for hello...
FPGZA hardware says: 0 1 2 3 4 5 6 7 8§ 9
Compare the output to that of the desktop simulation done in Step 2--they should be the same.

Congratulations! You have successfully compiled a complete hardware/software application on the
target FPGA device, without the need to write any low-level HDL code.

Although this sample application was trivial (in terms of the amount of logic generated on the FPGA),

the process for substantially larger, more complex applications is essentially the same. You can follow
these steps when compiling your own Impulse C applications.

See Also

Tutorial 1: Hello World on the Nios Il platform

© 2003-2009 Impulse Accelerated Technologies



	Tutorial 1: Hello World on the Nios II platform, Cyclone III FPGA
	Loading the Hello World Application
	Compiling the Application for Simulation
	Building the Application for the Target Platform
	Exporting Files from CoDeveloper
	Creating a Quartus Project
	Creating the New Platform
	Configuring the New Platform
	Generating the System
	Generating the FPGA Bitmap
	Running the Application on the Platform


