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Chapter 1 Hardware Design

This tutorial provides comprehensive information that will help you understand how to create a
FPGA based SOPC system implementing on your FPGA development board and run software upon
it.

1.1 Required Features

The Nios II processor core is a soft-core central processing unit that you could program onto an
Altera field programmable gate array (FPGA). This tutorial illustrates you to the basic flow
covering hardware creation and software building. You are assumed to have the latest Quartus II
and NIOS II EDS software installed and quite familiar with the operation of Windows OS. If you
use a different Quartus II and NIOS II EDS version, there will have some small difference during
the operation. You are also be assumed to possess a DE2-115 development board (other kinds of dev.
Board based on Altera FPGA chip also supported).

The example NIOS II standard hardware system provides the following necessary components:

e Nios II processor core, that’s where the software will be executed

e On-chip memory to store and run the software

e JTAG link for communication between the host computer and target
e hardware (typically using a USB-Blaster cable)

e LED peripheral I/O (P1O), be used as indicators

1.2 Creation of Hardware Design

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

1. Launch Quartus II then select File->New Project Wizard, start to create a new project. See
Figure 1-1 and Figure 1-2.
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Figure 1-1 Start to Create a New Project
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Mew Project Wizard: Directory, Hame, Top-Level Entity [page 1 of 5] E|

YWhat iz the warking directory for thiz project?

||:: Yalteratdl quartus .-

YWhat iz the name of thiz project’?

| ]

YWhat iz the name of the top-level dezign entity for thiz project? Thiz name iz caze sensitive and must
exactly match the entity name in the desian file.

l -

Ilze Existing Project Settings ...

< Back | Mext » | Firizh Cancel

Figure 1-2 New Project Wizard

2. Choose a working directory for this project, type project name and top-level entity name as
shown in Figure 1-3. Then click Next, you will see a window as shown in Figure 1-4.
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Mew Project Wizard: Directory, Hame, Top-Level Entity [page 1 of 5] E|

YWhat iz the warking directory for thiz project?

|DZ"'.I'I'|_'.-'firSt_r'liDSii .

YWhat iz the name of thiz project’?

|m_l,lfirst_ni|:-sii s

YWhat iz the name of the top-level dezign entity for thiz project? Thiz name iz caze sensitive and must
exactly match the entity name in the desian file.

|m_l,lfirst_niu:usii .

Ilze Existing Project Settings ...

< Back | Mext » | Firizh Cancel

Figure 1-3 Input the working directory, the name of project, top-level design entity
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Mew Project Wizard: Add Files [page 2 of 5] E|
Select the dezign files vou want to include in the project. Click Add All to add all design files in the
project directory to the project. Mote: pou can alwayps add design filez to the project later.
File narne: || | |
File name | Type | Library |Design entiyday. .. | HOL wersion Add Al
& | -
Specify the path names of any non-default libraries. User Libraries...
< Back | Mest > | Finizh | Cancel |

Figure 1-4 New Project Wizard: Add Files [page 2 of 5]

3. Click Next to next window. We choose device family and device settings. You should choose

settings the same as the Figure 1-5. Then click Next to next window as shown in Figure 1-6.
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Hew Project Wizard: Family & Dewice Settingzs [page 3 of 5] E|

Select the family and device pou want to target for compilation.

Device family Show in ‘Aevailable device' list
Family: | Cyclone Iy E j Fackage: Ay -

| J Fin count; Ay -

Target device Speed grade:  |Any -
(" Auto device selected by the Fitter v Show advanced devices
f+ Specific device selected in Available devices' list I

Available devices:

M ame: | Core v... | LEs | Userl/... | Memar... | Embed... | FLL ~
EP4CET1RF23CEL 1.00 114480 231 3132 k3 4
EP4CET1RF23CEL 1.00 114480 231 I3z kI 4
EP4CE1BF237 1.2 114480 23 JaMaz b2 4
EP4CETTEFZ318L 1.0 114480 2@ I3z 532 4
L ol - 2 e DA e ] s R
EP4CET115F23CE 1.5 114480 529 12 532 4
EP4CET15F23CEL 1.00 114480 529 Jamz b 4 —
FEArE11RE29m) 1 114480 &9 917 R 4 b
< | >
I

{Back [ Wext > | Finish | Bl |

Figure 1-5 New Project Wizard: Family & Device Settings [page 3 of 5]

4. Click Next and will see a window as shown in Figure 1-7. Figure 1-7 is a summary about
our new project. Click Finish to finish new project. Figure 1-8 show a new complete project.
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Mew Project Wizard: EDA Tool Settings [page 4 of 5]

Specify the ather EDA toals - in addition to the Quartus || zoftware - uzed with the project.

— Desgign EntpdSynthesiz

Tool narme:

<Mone>

=

Simulation

Tool narne: | <Mones

Ll Lo

i

Tiring Analysiz

T ool namme; | <M ones:

Ll L

r

< Back | Mext » | Firizh l Cancel |

Figure 1-6 New Project Wizard: EDA Tool Settings [page 4 of 5]

tcrm www.terasic.com

WWW. LBrasic. com.




Imaslc

Hew Project Wizard: Summary [page 5 of 5]

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

Froject directon:

D Arofirst_mioiid
Project name: rrfirgt_niogi
T op-level design entity: myfirst_niozi
Mumber of files added: 1]

Mumber of uzer libraries added: 0
Device assignments:

Family name: Cyclone [V E

Device: EP4CE115F29CT
EDA tools:

Dezign entry sunthesis: <Mones

Simulation: <Maone

Timing analysiz: <Mone:

Operating conditions:
WECIMT waltage: 1.00
Junction ternperature range:;  0-85 €%

% Back HiiH

Figure 1-7 New Project Wizard: Summary [page 5 of 5]
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Juartus Il - D:fmyfirst_niosii/myfirst_niosii - myfirst_niosii

File Edit View Project Assignments Processing Tools ‘Window Help
IEEECEEE D R B I AT
Project Navigator - x
E ity
Cyclone I E: EP4CETT...
o, myfirst_i... ﬁ!@

ARTERAN
-Hierarchyl Filesl & Design Units |
Tasks el l ' I -
Flow: IEomplIatlon LI Q A R U S I I

Task& Time ¢~ |
= W Compile Design ] Version 9.1
- Analpsis & Synthesis
G- Fitter (Place & Foute] 3
[+ B Aszzembler (Generate programming files) L “Ie'nv:n?'l::"l}gﬁ !
- TimeQuest Timing Analysis E
. [] bl‘m ED& Metlist \:l\u"nter = |:|

*| Type IHessage |

3
n
il
=1
m
it
i

Syslem/{ Processing ,]\ Extra lnfa ,}\ Info )\ warning )\ Critical '/ arning ,}\ Errar )\ Suppressed )\ Flag f
;IMessage: il il ILa.:atian: ;I Lozate |
For Help, press F1 [ e T Idle C A
Figure 1-8 A New Complete Project

5. Choose Tools > SOPC Builder to open new SOPC system wizard .See Figure 1-9 and Figure 1-10.
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fmyfirst_niosii - myfirst_niosii

= Processing BEEaEY Window  Help

¥,

[

ol
gl
K

Fun EC& Simulation Toal ko @

Fun ED Timing Analysis Tool

Launch EDA Simulation Library Compiler

E Launch Design Space Explorer
4k

TimeQuest Timing Analyzer

Advisors L4

@ hip Planner (Floorplan and Chip Editor)
(@ Design Partition Planner

Metlist Viewers L4

SignalTap II Logic Analyzer

= In-System Memary Conkent Edikor

(=] Logic Analyzer Interface Editor

28, In-Svstem Sources and Probes Editor
SignalProbe Pins. ..

@ Programmer

2]
= programming fi \ Megawizard Plug-In Manager...

halyziz H

Tcl Scripts...

Cuskomize. ..

Qpkions. ..

License Setup...

Figure 1-9 SOPC Builder Menu
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" Create New System - Altera SOPC Builder - unnamed.sopc (D:\myfirst_niosii\unnamed.sopc)

File Edit Module System View Toolz Help

System Contents | System Generation |

Compaonent Library Target Clock Settings

Project Device Family:| Cyclone Iy E » Mame SOUrCE MHz

Add
Y Mew campanent...

Library Rermove
- Ayvalon Yerification Suite
Bridges and Adapters
[*-Interface Protocols
#-Legacy Components
[#-Memories and Memary Cortraller

Use = C..

TR

Create New System [Z| SIock S =i

System MName:| NilyEl=E

--Processor Additions

Target HDL: (3) ‘erilog
#-Processors

() wHDL

[#-Yideo and Image Processing

@ Info: Specify & new system names.

p—
- | | ® 4 I | 3
Mew ... Edlit.... Add. Remove Exlit... = A v = [ Address Map... ] [ Fiters... ]

(@ Info: Mo errors of warnings.

4 Prev [ Mext [ ] [ Generate ]

Figure 1-10 Create New SOPC System [0]

6. Rename System Name as shown in Figure 1-11. Click OK and your will see a window as shown
in Figure 1-12.

™ Create Hew System E|

System Name: DE2_115_SOPC| |

Target HOL: (&) “erilog
() WHDL

L I, J[ Cancel ]

Figure 1-11 Create New System [1]
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= pltera SOPC Builder - DE2_115_SOPC.sopc (D:ymyfirst_niosii\DE2_115_SOPC.sopc)

File Edit Module System View Tools Help

{Bystem Contents || System Generation|

Componert Library Target Clock Seftings
P_roject

Device Family: Cyclone IV E L Mame SoUrce

T New component... clic_0
Library
E!---A\-'alon werification Suite
E--Bridges and Adapters
El--{rderface Protocals
--Legacy Components
E--Memories and Memaory Contrallers
--Peripherals
-PLL
El--Processor Additions
E--Processors
B-SLE
---Video and Image Processing

MHzZ
External 50.0

Al

Use  C.. Wodule Mame Description

Clock Ease Enct

< | B
-%| |£ <

| >
Mewy, .. Eddit. A, Remove Ediit... = Y v > [ Address Map... ] [ Filters... ] Fitter; Detault

@ Infor Mo errars or warnings.

4 Prev [ Mext | ] [ Generate ]

Figure 1-12 Create New System [2]

7. Click the Name of the Clock Settings table, rename clk_0 to clk_50. Press Enter to complete the
update. See Figure 1-13.

™ fltera SOPC Builder, - DE2_115_SOPC.sopc® (D:ymyfirst_niosiidDE2_115_SOPC.sopc)

File Edit Wodule System Yiew Tools

Help
System Contents | System Generation|
Componert Library Target Clock Settings
Project Device Family:| Cyclone I E v Name Source MHz il
o Mew companent . 0 External
Li_hrary

[H--&valon Yerification Suite
E--Bridges and Adapters
EI--{merface Pratocols

El--Legacy Components

¥ Memaries and Memory Controller
Peripherals

H-PLL

Usze = C.. Module Mame

Description Clock Baze End

Figure 1-13 Rename Clock Name

8. Choose Library > Processors > Nios II Processor to open wizard of adding cpu component. See

Figure 1-14 and Figure 1-15.

-12

Lagasic
Www.terasic.com.

www.terasic.com




Imaslc

™ Altera SOPC Builder - DE2_115_SOPC.sopc* (D:umn
File Edit Module Zystem Yiew Toolz Help

System Contents | System Generation |

Component Library Target

P_rujet:t Device Family: | Cyclone
M New companent..

Library

[H-&alon Werificstion Suite
@--Eridges and Adapters
Iil--{nterfan:e Protocals
lil--Legan:':.f Camponents U=ze ... Moduleh
E--Memnries and Memory Controller
@--Peripherals

#-PLL

Iil--F'rcu:essu:ur Additions
Igl--F'rDcessnrs

I ic= | Proc
H-5LS
- Yideo and Image Processing

4 | [
- | | X ¢
ey .. Edit... Al Remove Edit ...

@ Info: Mo errors o warnings.

Figure 1-14 Add Nios II Processor
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Documentation

Caches and Memory Inker

MM and MPU e bug Module

Core Mios |l

Select a Hios Il core:

ONios Ilfe CNios Il/s |®Nios IIf
. RISC RISC RISC
Nios Il 32.bit F2-hit 32-bit
Selector Guide Instruction Cache Instruction Cache
Family: Cyclone v E Branch Predic‘tion Branch Predid?on
Hardware Multiphy Hardweare Multiply
fsystem: 50.0 MHz Hardware Divide Hardware Divide
it Barrel Shifter
e 0 Data Cache
Dynamic Branch Prediction
Performance at 50.0 MHz Up to 5 DMIPS Up to 32 DMIPS Upto 57 DMIPS
Logic Usage E00-700 LEs 1200-1400 LEs 1400-1800 LEs
Memaory Usage Towvo MAks (or eguiv.) Twyo MK + cache Three M3ks + cache
Hareherare Multiphy: |Embedded Multipliers: w | [ Hardweare Divide
Reset Wector: Memary: | v IOffset: |0 |
Exception Yector: Memary: | v |Offset ngzg |
[ Inelude MU
Only include the bt when using an operating system that explicitly supports an kil
Fast TLE Miz= Exception Vector:  hemaory: Offzet:
[ Include MPU

Warning: Reset vector and Exception vector cannot be set until memory devices are connected to the Mios Il processar

[Cancel ]

et == | [Finish |

Figure 1-15 Nios II Processor

9. Click Finish to return to main window as shown in Figure 1-16.
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= pltera SOPC Builder - DE2_115_SOPC.sopc® (D:imyfirst_niosiis\DE2_115_SOPC.sopc)

File Edit Module System View Tools Miosl Help
System Contents | System Generation|
Component Library Target IS

Project

1) Mew component...
Library

[F-&valon Yerification Suite
[+-Bricges and Adapters

Device Family:|CycIone IV E b

Source MHzZ

External

[#-Interface Protocols
E

t-Legacy Companents Conn...

(c

Us=e
[F-Memories and Memory Controllers
[#-Periphersls

+-PLL

[+-Processor Additions
E

=l-Processors

#-5LE
[F-Yicheo and Image Processing

Module Mame Description Clock Baze End
E cpu_d Mios || Processar
instruction_msster Avealon Memory Mapped Master clk_50
data_master Avalon Memory Mapped Master IRQ O I

ftag_debug_module Avalon hemory Mapped Slave 000000800 (0x00000ff

| >

[Address Map... ] ’ Fitters... ] Fitter; Detault

CJ To Dao: epu_0: Mo reset vector has been specified for this CPU. Plesse parameterize the CPU to resolve this issus
£ To Do: epu_i Mo exception vector has been specified for thiz CPU. Please parameterize the CPU to resolve thiz izsue
0 Wiarning: cpu_0: Reset vector and Exception vector cannot be set until memory devices are connected to the Mioz Il processor

[ Mext [ ] [ Generate ]

Figure 1-16 Add Nios II CPU completely

10. Choose cpu_0 and right-click then choose rename, after this, you can update cpu_0 to cpu.

See Figure 1-17 and Figure 1-18.
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™ fltera SOPC Builder — DEZ2_115_S0PC. sopcx (D:\myfirst_niozii\DE2_1156_S0PC. zopc)

Fie Edit Module System Niew Tooke Niosll Help

System Contents | System Generatiu-n|

Component Library Target Clock Settings

Project Device Family: Cyclone IV E v Name Source MHz

E,Q MNew component...
Library
[#--Avalon Verification Suite
ridges and Adapters
nterface Protocols
t-Legacy Components
---Memurias and Memory Controllery | =TT Yo,
; Show Connected

lapped Master
data_m + Show Default lapped Master
jtag_de Show Al lapped Slave

Show Clocks

5LS Show Awvalon-MM
[+-\ideo and Image Processing

Show Avalon-5T

Edit... Ctr1$E

A % | l >
Edit. [Acw ] [Remuve ] [ Edit.. ] 3 E:tm;; | Joress ifap.. ] [Einers... ] Fiter: Default

C7 To Do: cpu_0: No reset vector has been specified for this CPU. Please  Show Arbitration is izzue
& ToDo: cpu_0: No exception vector has been specified for this CPU. P i o e this izzue

/% Warning: cpu_0: Reset vector and Exception vector cannot be set unt the Nios Il processor

Collapze Al

Figure 1-17 Rename CPU name (1)
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™ Altera SOPC Builder - DE2_115_SOPC.sopc® (D:\myfirst_niosii\DE2_115_SOPC.sopc)

FBX
File Edit Module System “iew Tools Mozl Help

System Conterts | System Generation |

Component Library Target Clock Settings

Project Device Family:| Cyclane 1Y E w Harme Source MHz
L Wew component... o External

Library

Avalon Verification Suite
[#-Bridyes and Adapters
@--{merface Protocols

; egacy Components
Memories and Memory Controller:
[#-Peripherals

Usze Conn... Module Mame Description

Clock Baze Encl

ins 5 ter
LT‘"PLL data_mazter Avalon Mematy Mapped Mazter Img o Ing 21
[#-Processor Additions jtan_debug_module Avalon Memory Mapped Slave
E-Processors

0200000800 |0:x00000££F

Address Map... ] [ Fiters... ] Fiter: Default

2 ToDo: epu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
C To Do: epu: Mo exception vector has been specified for this CPU, Please parameterize the CPU to resclve this issue
o Warning: epu: Reset vector and Exception vector cannat be set until memory devices are connected to the Mios | processor

G ([eab ]

[ GEnerate ]

Figure 1-18 Rename CPU Name (2)

11. Choose Library > Interface Protocols > Serial > JTAG UART to open wizard of adding
JTAG UART. See Figure 1-19 and Figure 1-20.
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= Altera SOPC Builder - DE2_115
File Edit Module ZSystem View To

System Contents | System Generatin:nn’\'

Component Likrary

Project A
- Q MNew component... i

Library

EI---.H-.vaIDn Yerification Suite
E_I--Eiridges and Adapters

l-Interface Pratocals

-4

Iil--Ethernet

#-High Speed

Pl

=-Serial B

LB Ayalon-ST JTAG
2 Ayglon-5T Serial

o SPI(3Wire Serial
@ IART (RE-232 Sk we
< | X

4| | X
Mews... | Eci. Add...

Figure 1-19 Add JTAG UART (1)
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.\' —_ .
Configuration | »  Simulation

rrite FIFO (Data from Avalon to JTAG)

Buffer depth (bytes) |5y IRG threshold: |5

|:| Construct using registers instead of memory blocks

rRead FIFQ (Data from JTAG to Avalam

Buffer depth (beytes) | gy IRG threshold: |5

|:| Construct using registers instead of memory blocks

Figure 1-20 JTAG UART

12. Click Finish to close the wizard and return to the window as shown in Figure 1-21.
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™ Altera SOPC Builder - DE2_115_SOPC.sopc® (D:\myfirst_niosii\DE2_115_SOPC.sopc)
File:

EBX
Edit Module Systerm  Wieww Tools Mozl Help
System Conterts | System Generation |
Componert Library Target HEHEEEHIGES
Project A Device Family: Natme Source MHz
------ g New coraponent.. 3 _ External
Library
Avalon Verification Suite
[#-Bridyes and Adapters
L:_l n?erface Protocols
251 Usze Conn... Module Mame Description Clock Basze Enl
g = cpu hios Il Processor
F_T'}--High Speed instruction_master Avalon Memary Mapped Master
@"PCl dlata_master
[=-Serial b

Ayalon Memary Mapped Mazter

Avalon-ST JTAG

jtag_debug_module
Avalon-5T Serial

0300000800 |Dx00000£££
avalon_jtag_slave

S 0300000000 (000000007
o SP(3 Wire Serial
o UART (RS-232 Se o

¥

<

(2. | | [Remove | [ Edt.. ]

| >
v .! AddressMap...]

[Fiters.. | Fiter: Defaut

2 ToDo: epu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
O To Do cpu: Mo exception vector has been specified for thiz CPU. Please parameterize the CPU to resalve this issue

0 Warning: epu: Reset vector and Exception vector cannot be set until memory devices are connected to the Mios I| processor

[ Mext |» ] [ Generate

Figure 1-21 JTAG UART
13.Choose jtag_uart_0 and rename it to jtag_uart as shown in Figure 1-22.
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™ Altera SOPC Builder - DE2_115_SOPC.sopc® (D:\myfirst_niosii\DE2_115_SOPC.sopc)

FBX
File Edit Module System “iew Tools Mozl Help

System Contents | System Generation|

Component Library Target Clock Settings
Project ~ Device Family:| Cyclane 1Y E w Harme Source MHz
Lo New component...

oL External
Library
Avalon Verification Suite

[#-Bridyes and Adapters
[=-interface Protocals
&5

Uze = Conn.. Mocule Mame

E cpu
instruction_tmaster
data_master
jtag_debug_module

Description

Clock Baze Encl

[#-High Speed

BRI

=-Sefial B
o Avalon-ST JTAG

Avalon-5T Serial

Mios Il Processor
Ayalon Memary Mapped Mazter
Ayalon Memary Mapped Mazter

0200000800 |0:x00000££F

avalon_jtag_slave

0300000000 (000000007
o SP(3 Wire Serial

5 UART (RS-232 Se o
< | bd

X

(2. | | [Remove | [ Edt.. ]

v .! Address Map... ] [Filters... ] Fitter: Default

2 ToDo: epu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue
C To Do: epu: Mo exception vector has been specified for this CPU, Please parameterize the CPU to resclve this issue
o Warning: epu; Reset vector and Exception vectar cannaot be set until memory devices are connected to the Mios || processor

4 Prav [ Mext [ ] [ Generate ]

Figure 1-22 Rename JTAG UART

15. Choose Library > Memories and Memory Controllers > On-Chip > On-Chip Memory
(RAM or ROM) to open wizard of adding On-Chip memory. See Figure 1-23 and Figure 1-24.
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™ Altera SOPC Builder - DE2_115_SOPC.s0p

File  Edit Module System “iew Toolz  Mios |l

System Conterts |7System izeneration |

Component Likbrary

+-Legacy Components ”

él--Mem-:nries and Memory Cortrollers 0

¢ QDR Tand QORI+ SEAM Contraller v

- RLDEAR I Controller with UniPHY

o Traffic Generator and BIST Engine

Do 2,

tH-Flash

[=H-On-Chig
@ Avalon-ST Dual Clack FIFO

= Avalon-ST Muli-Channel Shared

¢ Avalon-5T Round Robin Schedule

¢ Avalon-5T Single Clock FIFC

{ o I |

o SDRAM
+ SRAM "

My Edit.. Add.

Figure 1-23 Add On-Chip Memory
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™ On-Chip Memory (RAM or ROM) - onchip_memaory2_0

On-Chip Memory
scer  (RAM or ROM)

Memory initialization
~hlemory type
(%) RAM (ritable) () ROM (Read-only)

[ ] Dusl-part sccess
Read During Write Maode:

Block type: | ALt w

Intialize memory content

Memory will be inttialized from onchip_memory2_0 hex

-Size

Dizta wvicth: 37

Total memary size: |4|:|g|5

hlir

Read latency

Figure 1-24 On-Chip Memory Box

16. Modify Total memory size to 204800 as shown in Figure 1-25. Click Finish to return to the
window as in Figure 1-26.
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™ On-Chip Memory (RAM or ROM) - onchip_memaory2_0

On-Chip Memory
v (RAM or ROM) Documentation

Memory initialization
~hlemory type
(%) RAM (ritable) () ROM (Read-only)

[ ] Dusl-part sccess
Read During Write Maode:

Block type: | ALt w

Intialize memory content

Memory will be inttialized from onchip_memory2_0 hex

-Size

Dizta wvicth: 37

Total memory size: |2|:|43|:||:|| | | Evtes

Minimiz

Read latency

Figure 1-25 Update Total memory size
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™ pltera SOPC Builder - DE2_115_SOPC.sopc* (D:ymyfirst_niosii\DE2_115_SOPC.sopc)

File Edit Module System  View Toolz  Miosll Help

System Contents | System Generstion |

Componert Library Target Clock Settings

#-Legacy Components »~ Device Fam\ly:| Cyclone IV E v Naime Source MHz

External

=-Memaries and Memory Controllers

o DR N and GOR I+ SRAM Controller v
' RLDRAM Il Contraller with UniPHY

- @ Traffic Generator and BIST Engine

£ DA,

t1-Flash Use Conn...  Module Mame Description Clock Basze End Ta
=h-0n-Chip B cpu Mios | Processor
o Ayslon-5T Dual Clack FIFO instruction_master Avwalon Memory Mapped Master clk_50
Awalon-5T Multi-Channe! Shared data_master &ealon Memory Mapped Master Ing 0 IRO 31
= Avalon-5T Round Robin Schecule =t tag_debug_module Avalon Memory Mapped Slave 0300000800 (0x00000££F
Awalon-3T Single Clock FIFO

2 On-Chip FIFO Memory avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007
E onchip_memory2_0 On-Chip Memory (RAM or ROM)
£ SDRAM =1 Avalon Memaory Mapped Slave clk_50 0300002000 |[0x0003Z££F
£ SRAM ~
< »
1% s >
Edit [ Add... ] [ Remove ] [ Ecit .. ] E] [ Address Map... ] [ Fitters... ] Fitter: Default

Q Error: epuinstruction_master: onchip_memory2_0.51 cannot be ot 02000 (0x0 or 0:x40000 ate scceptable)
) Error: epu.data_master: onchip_memory2_0.s1 cannot be at 0x2000 (0x0 ar 0x40000 are acceptable)

O To Do: epu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resclve this issue

CJ TaDo: epu: Mo exception vector has been specified for this CPU. Please parameterize the CPU to resolve this issue

4 Prev [ Mext |[p ] [ Generate ]

Figure 1-26 Add On-Chip memory Completely

17.Rename onchip_memory2_0 to onchip_memory2 as shown in Figure 1-27.

™ pltera SOPC Builder, - DE2_115_SOPC.sopc? (D:\myfirst_niosii\DE2_115_SOPC.sopc)

File Edit Module System View Tools Niosll Help

System Conterts | System Generation|

Component Library Target U TS
#-Legacy Components ~ Device Family: Mame Source MHz
—|-temories and Memory Controlers 1 External
GDR Il and GOR I+ SRAM Controller v
o RLDRAM I Contraller with UniPHY
o Traffic Generator and BIST Endgine
[H-DhAA,
[#-Flash Uze  Conn... Module Mame Description Clack Base Encl Ta
&-0n-Chip B cpu Moz Il Processor
@ Awslon-5T Dusl Clack FIFO instruction_master Avalon Memory Mapped Master clk_50
@ Avalon-ST Muli-Channel Shared data_master Avalon Memory Mapped Master IRQ 0 IRD =1
Aywalon-3T Round Robin Schedul jtag_debug_madule Avalon Memory Mapped Slave 0300000800 |0x00000££F
Avalon-ST Single Clock FIFC L B jtag_uart UTAG UART
Cn-Chig FIFO Wemmary avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0300000000 |0:x00000007
i B onchip_menmory2 On-Chip Memory (RAM or ROM)
[rH-SDRAM I e e “elk_ & 0x00002000
[#H-SRAM A
>
4 | | >

(2o ] | [Remove || Edt... | @

Q Error: epuinstruction_master: onchip_memory2.s1 cannct be st 0:x2000 (0x0 or 040000 are acceptable)
Q Error: epu.data_master: onchip_memory2.s1 cannaot be st 02000 (0:x0 or 0x40000 are acceptable)

CJ To Do: epu: Mo reset vector has been specified for this CPU. Please parameterize the CPU to resolve this issue

) ToDa: cpu: Mo exception vector has been specified for this CPU. Pleaze parameterize the CPU to resolve this issue

v = [ Address Map... ] [ Fitters... ] Fitter: Default

[ Mext [» ] [ Generate ]

Figure 1-27 Rename On-Chip memory
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18. Click cpu in the component list on the right part to edit the component. Update Reset vector and

Exception Vector as shown in Figure 1-28. Then click Finish to return to the window as shown

Figure 1-29.

™ Hios Il Processor - cpu

Nios II Processor

Documentation
-5 and Memory Interfaces  »  Advanced Features / MM and MPU Settings :;p JTAG Debug Module m Inskructions
Care Mios Il
Select a Hios Il core:
ONios Ilfe ONios Il/s |®Nios I1F
= RISC RISC RISC
Nios Il 32-bit 2-hit 32-hit
Selector Guids Instruction Cache Instruction Cache
Family: Cyclone I E Branch Predic‘t!nn Branch F‘redic’[!on
Hardware Multiphy Harchveare kultiply
Teystem: 50.0MHz Hardware Divide Hardware Divide
i Barrel Shifter
Epid 0 Data Cache
Dynamic Branch Prediction
Performance at 50.0 MHz Up to 8 CMWIPS Up to 32 DMIPS L to &7 DMIPS
Logic Usage EO00-700 LE= 1200-1400 LEs 1400-1800 LE=
Memory Usage Tweo MSK= (or equiv.) Twwo M3Ks + cache Three MSKs + cache
Rarchivare Mutiphy: |Embedded Multipliers w | []Hardware Divide
Resetector: | Memary: | anchip_memoryz v |Offset: [gxn | 0x00002000
Exception Yectar| Memory: .:.n.::hi;:._men—..:.r-,.-:- w |0ff88’fi |uxzn |nxonnnznzn
[ Inclucte MrdU
Only include the MU wwhen using an operating system that explicitly supports an Ml
Faszt TLE Mizs Exception Yector: Memory: Offzet:
[] Inciuce MPU

Figure 1-28 Update CPU settings
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™ pltera SOPC Builder - DE2_115_SOPC.sopc* (D:ymyfirst_niosii\DE2_115_SOPC.sopc)
File Edit Module System  View Toolz  Miosll Help

System Contents | System Generstion |

Component Library

Taroet Clock Settings

#-Legacy Components

__;J--Memories and Memary Controllers

o DR N and GOR I+ SRAM Controller v
' RLDRAM Il Contraller with UniPHY

- @ Traffic Generator and BIST Engine

£ DA,

t-Flash
=1-0n-Chip

Avalon-5T Dual Clock FIFO

~ Device Fam\ly:| Cyclone IV E w Mame

SOurce

External

hHzZ

Use Conn...  Module Mame Description Clock

Ease End Ta

) instruction_master Avalon Memory Mapped Master clk_50
Avalon-ST Multl-Chann.el Shared data_master &valon Memory Mapped Master Ing 0 Ino 3L
@ Avalon-3T Round Rokin Schecule tag_debug_module Avwalon Memory Mapped Slave 0300000800 (D:x00000£££
Awalon-3T Single Clock FIFO O jtag_uvart TG JART
2 On-Chip FIFO Memory avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x00000000 |0x00000007
E onchip_memory2 On-Chip Memory (RAM or ROM)
£ SDRAM =1 Avalon Memaory Mapped Slave clk_50 0300002000 |[0x0003Z££F
£ SRAM ~
< »
1% s >
Edit [ Add... ] [ Remove ] [ Ecit... ] = F E] [ Address Map... ] [ Fitters... ] Fitter: Default

Q Error: cpuinstruction_master: onchip_memory2.s1 cannct be &t 0:2000 (0:0 or 0x40000 are acceptable)

) Error: epu.data_master: onchip_memory2.

&1 cannot be at 02000 (0x0 or 040000 are acceptable)

[ Mext |» ] [ Generate ]

Figure 1-29 Update CPU settings Completely

19. Choose Library > Peripherals > Microcontroller Peripherals >PIO (Parallel 1/0) to open

wizard of adding PIO. See Figure 1-30 and Figure 1-31.

ter
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™ Altera SOPC Builder - DE2_115_SOPC.sof
File Edit Module Swstem “iew Toolz  MNios |l

System Contents | System Generation |

Component Library

Project

IQ Mew camponeht...
Library

Iil---.ﬂ-.valnn “erification Suite
E--Eridges and Adapters
Iil--{nterface Protocols
EI--Legac'g.f Campanerts
E--Memnries and Memory Controllers
I_::_I--Peripherals
E}--Debug and Performance
--Display
#-FPGA Peripherals
E}--Micrncnrﬂrnller Peripherals
e @ Interval Timer
i =IF|C [Parallel 1007
E}--Murtiprncessnr Coardination

w-PLL

[ ¥

4|

ey ... Edit...

Ao

Figure 1-30 Add P10
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il| Documentation

N
’

r Direction
{:} Bidirectional (triztate) ports
) Input ports only
() Both input and output ports

(&) Output ports only

~Cutput Fort Beset Value

routput Register

|:| Enable individual bit zefting/clearing

Figure 1-31 Add PI1O

20. Click Finish to close PIO box and return to the window as shown in Figure 1-32.
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™ pltera SOPC Builder - DE2_115_SOPC.sopc* (D:ymyfirst_niosii\DE2_115_SOPC.sopc)

File Edit Module System  View Toolz  Miosll Help

System Contents | System Generation |

Componert Library Target RS
Project » Device Family:| Cyclone v E Mame Source MHZ
i}é Mew component.. T External
Library
[H-Avalon Verification Suite
[#-Bridges and Adapters
[H-Interface Protocoks
#-Legacy Components Use Conn...  Module Mame Description Clock Basze End Ta
H-Memaries and Memary Controllers
[=-Petipherals instruction_master 2valon hemary Mapped Master clk_50
Debug and Perfarmance data_master £valon Memary Mapped Master IR0 O IRQ 31
Display fag_debug_module Asealon Memory Mapped Slave 0300000800 [Dx00000E£EE
FCAPeripherals B jtag_uart JTAG UART
Microcontrolier Peripherals avalon_jtag_slave &valon Memory Mapped Slave clk_50 000000000 |DxDDOOOO07
Interal Timer T E onchip_memory2 On-Chip Memory (RAM or ROM)
gl Aeeglon Memory Mapped Slave clk_50 03200002000 |0x00033£££
& pio_0 PIC (Parallel 1020
& i =1 Avalon Memory Mapped Slave clk_50 0x00000010 (0x000000LF
- 1% < | S
Edit [ ... | [Remove | [Eat. | = & E] [ AddressMap... | [ Fiters.. | Fiter. Detaut

Q Error: cpuinstruction_master: onchip_memory2.s1 cannct be &t 0:2000 (0:0 or 0x40000 are acceptable)
) Error: epu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x40000 are acceptable)

4 Prev [ Mext [p ] [ Generate

Figure 1-32 PIO

21.Rename pio_0 to pio_led as shown in Figure 1-33.

™ Altera SOPC Builder — DE2_115_SOPC. sopcs (D:

Fie Edt Module System WView Took Niosll Help

System Contents ‘ System Generation

Component Library Target BEEEI
Project ~ Device Famiy: Name Source MHz
é New component... ¢ .
Library
[#--Avalon Verification Suite
[+ Bridges and Adapters
t-Interface Protocols
+-Legacy Components Use Conn... Module Name Description Clock Base End Tags
3 e Mesoey B cpu Nios Il Processor
= -Pc:aripherab instruction_master \wvalon Memory Mapped Master clk_50
H:B--Debug and Performance data_master \Avalon Memory Mapped Master IRQ O IRQ 31
E’ Display f tag_debug_module \Avalon Memory Mapped Slave 0x 00000800 (0x00000EFE
B-FPGA Peripherals 0 jtag_uart UTAG UART
Wicrocontroller Peripherals avalon_jtag_slave \swvalon Memory Mapped Slave clk_50 ox 7
i L B onchip_memory2 On-Chip Memory (RAM or ROM)
U f =1 \Avalon Memory Mapped Slave clk_50 0x 00002000 (0x0000bEFE
Mutiprocessor Coordination " PIO (Parallel VD)
PLL a1 \Awvalon Memory Mapped Slave clk_50 0x 00000010 |0x0000001E
-Processor Additions
Processors
@ Nios Il Processor )
~
>

Filter: Default

v = Address Map...

9 Error: cpu.instruction_master: onchip_memory2.s1 cannot be at 022000 (0x0 or 0x10000 are acceptable)
e Error: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x10000 are acceptable)

Figure 1-33 Rename PIO
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22. Choose System > Auto-Assign Base Addresses as shown in Figure 1-34.

find that there is no error in the message window as shown in Figure 1-35.

After that, you will

File Edit Wodule

System Contents E

Component Lihrary‘
Project

Q New component...
Library
H--Avalon Verification Suite
--Bridges and Adapters
Interface Protocols

el View Tools Nios |l
Auto-Assign Base Addresses
Auto-Assign IRQs =
Insert Avalon-ST Adapters

Help

™ Altera SOPC Builder — DE2_115_SOPC. sopcs (D:\myfirst niosii\DEZ_115_SOPC. sopc)

Target

Device Famity: Cyclone W E v

Clock Settings

Source

MHz

-Legacy Components Use | Conn.. Module Name Description Clock Base End Tags
[+ Memories and Memory Controllers B cpu Nios Il Processor
=-Peripherale instruction_master \Avalon Memory Mapped Master clk_50
Debug and Performance data_master \Avalon Memory Mapped Master IRQ 0| IRQ 31
Display f- jtag_debug_module \valon Memory Mapped Slave 0x00000800 (0x000005E
FPGA Peripherals B jtag_uart UTAG UART
WMicrocontroller Peripherals avalon_tag_skve \svalon Memory Mapped Slave clk_50 0x00000000 |0x00000007
- @ Interval Timer Bl onchip_memory2 On-Chip Memory (RAM or ROM)
- @ B =1 \Awvalon Memory Mapped Slave clk_50 0x00002000 |0x0000bIfE
Multiprocessor Coordination PIO (Parallel VD)
PLL =1 \Avalon Memory Mapped Slave
--Processor Additions

0x00000010 |0=0000001F

Address Map...

Fitter: Default

9 Error: cpuinstruction_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x10000 are acceptable)
e Error: cpu.data_master: onchip_memory2.s1 cannot be at 0x2000 (0x0 or 0x10000 are acceptable)

rY
o
T

W Altera S0PC Builder — DE2_

Figure 1-34 Auto-Assign Base Addresses

PC. sopc* (D:imyfirst |

Eile Edit Module System View Tools HNiosll

Help

PC. sopc)

System Contents | System Generation

Component Library

Target

Project
i IQ Mew component..
Library
[#-Avalon Verification Suite
-Bridges and Adapters
Interface Protocols
Legacy Components
t-Memories and Memory Controllers:
-Peripherals
[#-Debug and Performance
[#-Display
[#}-FPGA Peripherale
[=-Microcontrolier Peripherale
i o Interval Timer
[#-Multiprocessor Coordination
“PLL
-Processor Additions
-Processors

Nios Il Processor

|

Device Family: Cyclone W E

Clock Settings

PIO {Parallel ¥O)
\Avalon Memory Mapped Slave

Use | Conn. Module Name Description Clock Base End Tags
B cpu Nios Il Processor
instruction_master \Avalon Memory Mapped Master clk_50
data_master \Aovalon Memory Mapped Master IR O IRQ 31
B jtag_debug_module \Avalon Memory Mapped Slave 0xO0020800 |0x00020£FEF
O jtag_uart UTAG UART
avalon_jtag_slave \Avalon Memory Mapped Slave clk_50 0x00021010 |0=00021017
E onchip_memory2 On-Chip Memory (RAM or ROM)
B =1 \dovalon Memory Mapped Slave clk_50 0x00010000 |0x00019FEF

0x00021000 |0=0002100fF

Address Map...

Fitter: Default

@ Info: No errors or warnings.
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Figure 1-35 No errors or warnings

23. Click Generate and then pop a window as shown in Figure 1-36. Click Save and the generation
start. Figure 1-37 shows the generate process. If there is no error in the generation, the window will
show successful as shown in Figure 1-38.

Save changes?

\_:;-p Save changes to DEZ_115_S0OPC. sopc?

[ Save | [Du:un't Save][ Cancel ]

Figure 1-36 Generate SOPC

™ Generating System - Altera SOPC Builder, - DE2_115_SOPC.sopc (D:3myfirst_niosii\DE2_115_SOPC.sopc)
File Edit Module System  View Toolz  Miosll Help

| System Conterts “System Generaﬁonr|

COptions

System module logic will be created in Yerilog.

[] Simulation. Creste project simulstar fies.

Mios Il Tools

[ Mios | Software Build Tools for Eclipse

W Infor Infor without Tmitstion, that your use is for the =ole purpose of e
@ Info:  Info: programming logic devices manufactured by Atera and sold by 3
@ Info: Info: Altera or its suthorized distributors . Please refer to the

@ Info:  Info: applicakls agresmert for further details

@ Info:  Info: Processing stared: Fri Jun 18 13:06:07 2010

@ Info: Info: Command: quartus_sh -t sopc_add_gip_filetcl

@ Info: Info; Evalustion of Tel script sope_add_gio_file tol was successful
@ Infa: Info: Guartus | Shel was successiul. 0 errors, 0 warnings

@ Info:  Info: Peak virtual memory: 83 megakbytes

@ Info;  Info: Processing ended: Fridun 18 13.06:08 2010

@ Info:  Info: Elapsed time: 00:00:01

@ Infe: Infa: Total CPU time: Con all processors) 00:00:00

@ Info: Starting PTF file elaboration.

£

@ Info: Mo errors of wearnings.

I Exit ] [ Help ] [ 4 Prev I o

Figure 1-37 Generate SOPC
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= Altera SOPC Builder - DE2_115_SOPC.sopc i iosii\DE2_115_SOPC.sopc)
File Edit Mocule System “iew Tools Miosll Help

| System Cortents | System Ceneration |

Options

System module logic will be crested in Yerilog

[] Simulstion. Creste project simulator files. Fun Simulator

Mios Il Tools

[ Mioz Il Softvware Build Tools for Eclipse

#2010.06 18 13:07:29 (*) Genersting Quartus symbol for top level: DE2_115_S0OPC
#2010.06 18 13:07:29 (*) Genersting Symbol O imyfirst_niosiiDE2_115_SOPC baf
#2010.06 15 13:07:29 (*) Creating command-line system-generation script: 0y first_niosiiDE2_115_S0PC_generstion_script
#2010.06 15 13:07:29 (*) Running setup for HOL simulstor: modelsim
#2010.06 15 13:07:29 (*) Completed generstion for system: DE2_115_SOPC
# 2010.06.18 13:07:28 (*) THE FOLLCWING SY'STEM ITEMS HAWE BEEM GEMERATED:
SOPC Builder dstabasze : Duimyfirst_niosiDE2_115_SOPC ptf
System HDL Model : Dimyfirst_niositDE2_115_S0PC.v
System Generstion Script : D myfirst_niosiDE2_115_SOPC_generation_script
# 20100615 13:07.29 (*) SUCCESS: SYSTEM GEMNERATION COMPLETED.
@ Info: System generation was successful.
2R

|

@ Info: Mo errars o warnings

[Bt | [Hep | [ e | e p
Figure 1-38 Generate SOPC Completely

24. Click Exit to exit the SOPC Builder and return to the window as shown in Figure 1-39.

File Edit View Project Assignments Processing Tools  Window  Help

[C@sE@ &) Ba| o s B T AT I

Project Mavigator - x

Entity
Cypclone I E: EP4CE1T.

» myfirst_ni... 5,5@

"Hierarchyl Filesl o Design Units]

e 8 QUARTUS' 11

TaskE Time¢ A f
= W Compile Design Version 9.1
[H-- W Analpsis & Synthesis
G- W Fiter [Place & Route] 3
-~ W Aszembler [Generate programming files) ® wmoﬁ::ﬁgﬁ .
[ e TimneGuest Timing Analysis 1
b D ntati
S 5 L] ocumentation
Type | Message I

System ,-{ Processing )\ Extra Info )\ Infa )\ Warning )\ Critical ‘W arning )\ Erraor )\ Suppreszed }\ Flag f
Message: &I il ILacatiDn: ;I Locate |
For Help, press F1 | [l M | Idle [ A
-33
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Figure 1-39 Exit SOPC

25. Choose File > New to open new files wizard. See Figure 1-40 and Figure 1-41.

4, Quartus Il - D:/myfirst_niosii/myfirst_niosii - myfirs

Edit  Yiew Project  Assignments  Processing  Tools  Windc

Dm o |[ryirst_niosi
= Chrl+0

Open... s x

@ Mew Project Wizard. ..
EEE Cpen Projeck, .. Ckrl+1
Canverk Max+PLUS I Praject, ..

Save Projeck

Close Projeck

-
[
Create [ Update r [ Time ¢ »
Convert Programming Files, ..
sgrarmming files]
iz -
L
-
Recent Files ¥
Recent Projecks r
Exit alk+F4

Figure 1-40 New Verilog file
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SOPC Builder System
—- Dezign Files
AHDL File
Block Diagram/Schematic File
EDIF File
State Machine File
Systemtenlog HOL File
Tl Script File
Werilog HDL File
WHOL File
= Memary Files
Hewradecimal [Intel-Farmat] File
b emory |nitialization File
= Werification/Debugging Files
[n-Spstem Sources and Probes File
Logic Analveer Interface File
SignalT ap |l Logic Analwzer File
Wector Wavetform File
—|- Other Filez
AHDL Inchude File
Block Symbaol File
Chain Dezcnption File
Synopzys Design Constraintz File
Text File

|>

||

k. Cancel

Figure 1-41 New Verilog File
33. Choose Verilog HDL File and click OK to return to the window as shown in Figure 1-42.

Figure 1-42 show a blank verilog file.
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Edit View Project Assigoments Processing Tools

Window Help

0= = = = Im:;ﬂrst_ninswi LI b+ e R BoEE Ry My & B D@
Project Mavigator - % @, Verilogl.v I
Entity |
Cyclone IV E: EP4CENL. .. =] 1
oo B nyfirst_ni... &g .
i5 iE
AT
7 %
(U
- R
Hielalchy] FiIEsJ i Diesign Units I —
Status - % =
Hodule [Prog . Z[Tine & | -
| Type |Message
Q. System/{ Processing }\ Extra Info )\ Infa }\ Warning }\ Critic:al ' arming }\ Erar }\ Suppressed }\Flagf
&
é Message: J _I | _I
For Help, press Fl Inl, Cal 1l | Idle (A

Figure 1-42 A blank verilog file
34. Type verilog the following script as shown in Figure 1-43. The module DE2_115_SOPC of the code is

from DE2_115_SOPC.v of the project. See
Figure 1-44 and Figure 1-45.
module myfirst_niosii

(
CLOCK_50,
LED
)i
input CLOCK_50;

output [7:0] LED;
DE2_115_SOPC DE2_115_SOPC_inst

(
.clk_50 (CLOCK_50),
.out_port_from_the_pio_led (LED),
reset_n (1'b1)
);
endmodule
-36
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%, Quartus IT — mayfirst niosii/myfirst niosii myfirst niosii — [Ferilogl.w=] &
x

a.{’,c File Edit ¥iew Froject Assigoments Processing Toolz Window Help =N =
DEEE & B0 o [msLoos S @ee Ty ton @ 840
Praject Navigator x a@c Verilogl.v= 1
3 Files
@ 1 Emodule myfirst_niosii
2 B
an o
ki L
= . .
&
. LED;
", 9 DEZ 115 SCPC DE2 115 S0PC inst
% 0 = (
lﬂ = i1 -clk_50
12 -out_port_from the pio_led
13 -reset_n
14 b
AR 15
H\erarchy] Files I i Desigh Un\tsJ — 1z e
17
Status el =
Module [Prog... Z[Tine & | - -
x

Type |Message

SyslemA Processing )\ Extra Info )\ Infa ,\ ‘Waring )\ Critical ‘W arning )\ Errar )\ Suppressed )\ Flag /
= Message: __| J | _J

For Help, press Fi In 17, Col 1 [l B & | Idle M

2553085

Figure 1-43 Input verilog Text
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Look ir: |lﬁ} rifirst_micii j ¢ Ef-
-1 I=) . 50pc_builder jtag Lark.
uﬁ Db m';.fFlrst niosii. v
MyRecent | 3DE2_115_SOPC_sim [wL]onchip_memary2.v
Documents Tlcpu.v -pu:u_led.v
_1 2 Ecpu _jtag_debug_module_sysclk, v

;_Elcpu _jtag_debug_module_tck, v

;_Elcpu _jtag_debug_module_wrapper,w

. ;_Elcpu_mult_n:ell.v

-—j Ecpu_nci_test_hench.v
;_Elcpu_test_l:uen-:h.v

DEZ_115_SOPC.ptf

T DEZ_115_SOPC.sopc

3}_@ DEZ_115_SOPC.sopcinfo

W DEZ_ 115 S0PC, v

wL|DEZ_115_SOPC_inst.w

Dezktop

by Documents

My Netwark — File name: IDEZ_115_S0PC =l Open
Places

i

Files of type: |Device Design Files [“.tdf;“.vhd;“.vhdl;“.v;“.vlg;:ﬂ Cancel

[ Add file to cument project

Open as: |.-'1‘-.ut|:| j

Figure 1-44 Open DE2_115_SOPC.v

2079 // altera message level Levell

2080 /¢ altera message off 10034 10035 10036 10037 10230 102
Z081

205z Hmodule DEZ 115 30FPC |

2083 /4 1) global signals:

Z054 clk 50,

2085 reset n,

2086

2087 // the pio led

2088 out_port from the pio led
Z089 i

2090 H

2091

2092 output [ 7: 0] out port from the pio led:

2093 input clk 50;

2094 input reset_n;

Z095

Z09a wire clk 50 reset n;

2097 wire [ 19: 0] cpu data master address;

2098 wire [ 19: 0] cpu data master addrezs_to_slave;
2099 wire [ 3: 0] cpu data master byteenable;

2100 wire cpu data master debugaccess:

a4 mA S Amt m e e e mnde o meanan S e Aels

Figure 1-45 DE2 115_SOPC module
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35. Choose Save Icon in the tool bar. There will appear a window as shown in Figure 1-46. Click

Save.

Save in: |[ﬁ rgfirst_riicesii L| £ ER-

L I3 s0pc_builder
l Eé Ihdb

MyRecent  |5)DEz 115 SOPC_sim
Documents Tlcpu.v
@ Ecpu _jtag_debug_module_sysclk, v
;_Elcpu _jtag_debug_module_tck, v

;_Elcpu _jtag_debug_module_wrapper,w

. :_Elcpu_mult_n:ell.v

___J Ecpu_nci_test_hench.v
;_Elcpu_test_l:uen-:h.v

WL |DEZ_115 SOPC.v

WL|DEZ_ 115 SOPC_inst.w

’JI)_E Ejtag_uart.v

Dezktop

by Documents

=
Mytnmputer ;_ﬁu:unchip_memnryz.v
;_Elpin_led.v
My Metwark.  File name: rnl,lfir:i:t nioi
Places

ﬂ | Save |
j Cancel

Save as type: |Ueri|n:|g HOL File [* " vlg;" werilog)

[v 2dd file to cument project

Figure 1-46 Save Verilog file

36. Choose Processing > Start Compilation as shown in Figure 1-47. Figure 1-48 shows the
compilation process.
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irst_niosii - myfirst_niosii - [myfirst_niosii.v]

Tools  Window Help

mpilation Chrl+L
| '@ Analyze Current Eile —
- Skart r

— IUpdate Memary Initialization File
@ Compilation Report Ckrl+R,

Skart Compilation and Simulakion Cerl4+Shift+E pt
e
Generate Functional Simulation Metlist e

P ctart Simulation ChHL ks
— Simulation Debug k

& Simulation Repart Chrh+Shift-+R

= Compiler Tool

— J=h Simulator Tool

— ﬁl Classic Timing Analyzer Tool ach
1 ,;5‘5? PowerPlay Power Analyzer Toaol
| % 53M Analyzer Tool

ararmming filez) |

Figure 1-47 Start Compilation
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& Quartus Il - D:/myfirst_niosiifmyfirst_niosii - myfirst_niosii - [Compilation Report - Flow Summarny] [Z|@Ig|
@ File Edit View Project Assignments Processing Tools Window  Help - |8 x

DBUG | =&/ | Asrews © : e® w e
Project Mavigator = B a@c rufirst_riiosii v ] @ Compilation Report - Flow ... l

Enitity | e
T o o
Cyclone IV E; EPACETT.. i |

EB Legal Notice
Lo b myfirst_ni.. ﬁEE | S Flow Summary
BB Flow Settings
&R Flow Non-Default Global Settie
SHEEB Flow Elapsed Time
SHEEB Flow 05 Summary
& B Flow Log
+- &5 Analysis & Synthesis

= — - - Flows Status In progress - FriJun 18 13:17:55 2010
dHiearcty | B Fies | 8 Design Unis Quartus || B4Bit Version 9.1 Build 350 03/24/2010 5P 2 5J Full Version
Fievizion Mame myfirst_niogii

Top-lewvel Entity M ame myfirst_niozii
F arnily Cyclone Y E

¢ < >
x Type |Hessage -
j') Info: Found 1 design units, including 1 entities, in source file db/altsyncram Da0zZ. tdf
j') Info: Elaborating entity "altsyncram 0a02" for hierarchy "DEZ_115_S0PC:DEZ_115_S0PC_inst|cpu:the_cpulcpu niosZ_oci:the_
3 Warning: Using design file cpu jtag debug module wrapper.w, which is not specified as a design file for the current pro
j') Info: Elaborating entity "cpu_jtag_debuy_module_wrapper” for hierarchy "DEZ_115_SO0PC:DEZ_115 30PC_inst|cpu:the_cpulcpu :
ﬁ Warning: Using design file cpu jtag_debug module_tck.w, which iz not specified az a design file for the current project
i} Info: Elaborating entity "cpu_jtag_debug_module_tck™ for hierarchy "DEZ_115 30PC:DEZ_115_S50PC_inst|cpu:the_cpul|cpu nios
w
£ >
i . = = =
“23. Syztemn [1] }\Pmcessmg [114][,'{' Extra Info )\' Info [107) )\ ‘Warning [7) )\' Critical ' arning l}\Em:ur )\ Suppreszed (4] }\Flag‘,-‘r
g Meszage: 0 of 387 | J

For Help, press F1 | |22 ™ 00:00:13

Figure 1-48 Execute Compilation

Note: In the compilation, if there is the error which shows “Error: The core supply voltage of ‘1.0v’
is illegal for the currently selected part.”, you should modify the text “set global assignment -name
NOMINAL CORE SUPPLY VOLTAGE 1.0vV”» to “set_global assignment -name
NOMINAL CORE SUPPLY VOLTAGE 1.2V” in the myfirst niosii.qsf of the project.

37. A window that shows successfully will appear as shown in Figure 1-49.
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Quartus Il - D:/myfirst_niosiifmyfirst_r
@ File Edit ‘iew Proj

”D@Bﬁ|§f|% ﬂ,|n cu

ignments  Pro

[rvfirst_niosii El |

s @RE(B|> 7

O | |@ |0 .|

Proje.ct Mavigator : . = B a@c rufirst_riiosii v l @ Compilation Report - Flow ... |
Cyclone IV E: EP4CET15F23CH S B Legal Notice
i myfirst_riosi Jig 2SH01e) [ & Flow Summary Flow Status Succassful- Fri Jun 1813:23.00 2010
gé :“W e ot gty | 218 1| 648 Version 9.1 Build 350 03/24/2010 SP 2 5 Full Ver
low Mon-Default Global Settir
. Fievizion Mame myfirst_niozi
- =HEER Flow Elapsed Time =
g% Flow 05 Summary Top-level Entity Mame myfirst_niozi
&S B FlowLog Farnily Cyclone IV E
&1 Analysis & Synthesis Device EP4CE115F29CE
23 | | =& Fitker Tirming Models Preliminary
&yHierarchy | B Files | o Design Units | &0 A.ssembler . Met timing requirements hES
TimeQuest Tirming Analyzer ctallagic elements 2980 /114.480[ 3%
S = & Quartus Il Ladfbinational functions 2,687 /114,480 (2% )
Flovs: | Complatio ] d logic registers 1701 /114,480 (1 %)
-
Tazk Time¢ 4 1 ) Full Compilation was successful (76 warnings) [Brs 17
w" [ W Compile Design 00:: 3/529(2%)
4 - W Analyzis & Syrthesis 0000 | pinz 0
Ok - =,
o [H-- W Fitter [Place & Route] 00:01: _ pry bits 1,702,336 /3.981.312 (43 %)
+ [ W Aszembler (Generate programming files] | 00:00: ftultiplier 3-bit elements 4 /532[<1 %)
4 B W TimeQuest Timing Analysis 0000, — Tatal PLL: 0/400%)
[+ e EDA Metlist wWriter 7
& I | B < i | 2= i ]| ]
x Type IHessage -
" - ey
y Info: Design is not fully constrained for hold requirements
;) Info: Quartus II 64-Bit Time(uest Timing nalyzer was successful. 0 errors, 18 warnings
;) Info: Writing out detailed assewbly data for power analysis
;) Info: Assewmbler is generating dewvice programming f£iles
:y' Info: Quartus II &4-Bit Assembler was successful. 0 errors, 0 warnings
:5) Info: Quartus II Full Compilation was successful. 0 errors, 76 warnings e |
v
| |3 ) >
“23. System [10] }\Pmcessing [2?2];{ Extra Info )\ Info [245] )\ ‘Warning [22] }\ Critical ' arning [5] }\ Enor?\ Suppressed [10] )\. Flag,J
g IMessage: 0 of 968 ‘BI #l Ii_o d Locate |

Far Help, press F1 [ R | Idle | A

Figure 1-49 Compilation project completely

45. Choose Assignments > Pins to open pin planner as shown in Figure 1-50. Figure 1-51 show
blank pins.
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t_niosiifmyfinst_niosii - myfirst_niosii

Pl =g Processing  Tools  Wwindow |

2| %2 pevice...

L

b
= E-? Timing Analysis Settings. .. w0
5 2 EDA Tool Settings... %
2 Settings. .. Ctrhshift+£ | =
& assigrment Editor  Ctrl+Shift+A g
<2 Pin Planner Chrleshift+n | S
Eemove Assignments. .. g
= ri Back-Arnnotate Assignments. .. %
3 Impart Assignments...
Export Assignments. ..
i Assignment (Time) Groups, ..
1
o % Timing Closure Eloorplan
- @ LogicLock Regions Window  Alk+L
1 ;@ Design Partitions wWindow  alk+D
t Timing Analpziz [00:00:= |
Figure 1-50 Pins menu
Named: |§ v| g Edt % I
Node Hame Location 1/0 Standard 1/0 Bank Direction VREF Group Reserved
1 ¥ CLO0CK 50 2,5V (default) Input
2 @ LE0[7] 2,5V (default) Output
3 & LED[H] 2.5 (default) Qutput
4 | LED[g] 2.5V (default) Qutput
5 @ D[4 2.5V (default) Output
& @ LF0[3 2,5V (default) Qutput
7| LR 2,5V (default) CQutput
8 @ LED[1] 2,5V (default) Qutput
9 @ LED[0] 2,5V (default) Cutput
10 <<new node »

Figure 1-51 Blank Pins

46. Input Location value as shown in Figure 1-52.
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Named: [f v @ Edb W I
Node Name Location 1/0 Standard 1/0 Bank Direction VREF Group Reserved

i | oo PIN_Y2 2.5V (default) 2 Input B2
2 |® o PIN_E21 2.5V (default) 7 Output 871D
3 |@ oy PIN E22 2,5V (default) 7 Qutput 8710
¢ @ PIN_E25 2.5V (default) 7 Output B7 N1
5 |@ L[] PIN_F24 2.5V (default) 7 Output B7 N1
6 @ oM PIN_H21 2.5V (default) 7 Output B7 12
7 |@ [ PIN_G20 2.5V (default) 7 Output B7 N1
8 |@ 1) PIN_G22 2,50 (default) 7 Output B7 N2
3 |@ 1o Mzsv (defaul) 7 Oufput B7N1
10 ey node»

Figure 1-52 Set Pins

47. Close the pin planner. Restart compilation the project.

1.3 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 II
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.

3. Start the NIOS II IDE.

4. After the welcome page appears, click Workbench.

5. Choose Tools->Quartus II Programmer.

6. Click Auto Detect. The device on your development board should be detected automatically.
7. Click the top row to highlight it.

8. Click Change File.

9. Browse to the myfirst niosii project directory.

10. Select the programming file (myfirst niosii.sof) for your board.

11. Click OK.
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12. Click Hardware Setup in the top, left comer of the Quartus II programmer window. The
Hardware Setup dialog box appears.

13. Select USB-Blaster 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 II Help for information on how to install the driver. See Figure
1-53.

Hardware Setup [$_<]
Hardware Settings ]_]'TAG Settings]

Select a programming hardware setup to use when programming devices. Thiz programming
hardware zetup applies only ko the current programmer windomw.

Currently zelected hardware: USB-Blaster [I15B-0] ﬂ
Available hardware items: D anoiate
Hardware
|1SB-Blaster

Figure 1-53 Hardware Setup Window
14. Click Close.

15. Turn on the Program/Configure option for the programming file.(See Figure 1-54 for an
example).

16. Click Start.
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D Quartus IT Programmer — [Chainl. cdfs]

File Edit

‘.E;HaldwareSEluD... USB-Blaster [USE-0] Mode: |JTAG ~| Progress

[ Enable realtime ISP to allow backaround programming [for M || devices)

Options Processing Help

- - Program/
W Start | File | Device Configure

O /rufirst_nicsiémyfirst_.. EP4CET1BF23 O07&BD26  FFFFFFFF
m Auto Detect
B Add File. .
[ Add Device...

Ewarnine: Erase

Security
it

Checksurn Usercode

Blank. 5P
Verly | Check CLAMP
O O

System (6) /
Eeady HF

Figure 1-54 Quartus II Programmer

The Progress meter sweeps to 100% after the configuration finished. When configuration is
complete, the FPGA is configured with the Nios II system, but it does not yet have a C program in
memory to execute.
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chapter2 NIOS Il IDE Build Flow

This Chapter covers build flow of Nios II C coded software program.

The Nios II IDE build flow is an easy-to-use graphical user interface (GUI) that automates build
and makefile management. The Nios II IDE integrates a text editor, debugger, the Nios II flash
programmer, the Quartus Il Programmer, and the Nios II C-to-Hardware (C2H) compiler GUI. The
included example software application templates make it easy for new software programmers to get
started quickly. In this section you will use the Nios II IDE to compile a simple C language example
software program to run on the Nios II standard system configured onto the FPGA on your
development board. You will create a new software project, build it, and run it on the target
hardware. You will also edit the project, re-build it, and set up a debug session.

2.1 Create the hello_world Example Project

In this section you will create a new NIOS II C/C++ application project based on an installed
example. To begin, perform the following steps in the NIOS II IDE:

1. Return to the NIOS II IDE.

Note: you can close the Quartus II Programmer or leave it open in the background if you want
to reload the processor system onto your development board quickly.

2. Choose File > Switch Workspace to switch workspace. See Figure 2-1 and Figure 2-2.
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JHios II C/CH — Nios II IDE

Edit Havigate Search Froject Tools Run HWinde

Mt+Ehift+H P ks - -
Open File. .. I

Refrezh Fo

Conwert Line Delimiters To ¥

Switch Workspaca. ..

E2g Import. ..
B Export. ..

Exit

Figure 2-1 Switch Workspace (1)

J Workspace Launcher

X

Select a workspace

Hiaos II TDE stores wour projects in a folder called a workspace.
Choose a workspace folder to use for thiz session.

Worlspace: |[D:'myfirst_nicsiihsoftware v| [ Erowsze. ..

@ [ 0K | [ Caneal

Figure 2-2 Switch Workspace (2)
3. Choose File->New->NIOS II C/C++ Application to open the New Project Wizard.

4. In the New Project wizard, make sure the following things:
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e Select the Hello World project template.

e Give the project a name. (hello_world_0 is default name)

e Seclect the target hardware system PTF file that locates in where the previously created
hardware project resides as shown in Figure 2-3.

JHew Project @

Nios I C/ C++ Application

Clicl Finish to create application with a defanlt system library as
I myfirst_miosiihzsoftwareihello_world D0

Hame: |hellu:-_wu:-rl d_0 |

Specify Location

Location: |DZ"Lm}'first_ninsii'is-:-ftware | [Er-:-wse. .. ]

Selact Target Hardwars.

SO0PC Builder System PTF File: |I:inyfirst_niosii‘DEZ_115_SOPC. ptf v | [Browse |

CFU: | opu b |

Select Project Template

Elank Froject Description

Eoard Diagnestics Frints "Hello from Wies IT

Count Binary

Hello Freestanding Details

Hello WiecroC/05-IT : = ; ;

World Hello World prints “Helle from Hies IT° to STOOUT. -
Hello $orld Small _ _ . : 1
Memory Test Thiz example runs with or without the MicroC/05-IT ETOS
Simple Socket Server and requires an STDOUT dewice in your system = hardware.

Web Server

For details, click Finish to create the project and refer
to the readme. txt file in the project directory. w

) Cfack | Newt > || Finish || Cameal |

Figure 2-3 Nios II IDE New Project Wizard
5. Click Finish. The Nios II IDE creates the hello_world_0 project and returns to the Nios II C/C++

project perspective. See Figure 2-4.
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= 2 | = | 1
JNios II C/C++ — hello world.c — Nies LI IDE [=)E3
File Edit Refactor MNavigate Search Project Tools Eun Window Help
1 i G m  Eer @ -0 @ a3 7 [ ios 11 cive |
B tios II C/CH Projects 37 sl P onello world o X =8

= i
@ 125 altera components * #Hedlle Marld® exnmple
#-25 hello_world_0 s
#1125 hello_world 0_syslib [DEZ 115 SOPC
f#iinclude <stdio.h>
int main()
printf ("Hello from Nios II!\n"})
retorn 0;
[£ Problems 52 . Comsels Properties & T =0
0 errors, 0 warnings, 0 infos
Deseription Resource Path Location
3 |
N Hritable Smart Insert i g

Figure 2-4 Nios II IDE C++ Project Perspective for hello_world 0

When you create a new project, the NIOS II IDE creates two new projects in the NIOS II C/C++
Projects tab:

m hello_world_0 is your C/C++ application project. This project contains the source and header
files for your application.

m hello_world 0 syslib is a system library that encapsulates the details of the Nios II system
hardware.

Note: When you build the system library for the first time the NIOS II IDE automatically generates
files useful for software development, including:

e Installed IP device drivers, including SOPC component device drivers for the NIOS II hardware
system

e Newlib C library, which is a richly featured C library for the NIOS II processor.

e NIOS software packages which includes NIOS II hardware abstraction layer, NicheStack TCP/IP
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Network stack, NIOS II host file system, NIOS II read-only zip file system and Micrium’s pC/OS-II
real time operating system(RTOS).

e system.h, which is a header file that encapsulates your hardware system.
e alt_sys init.c, which is an initialization file that initializes the devices in the system.

e Hello_world_0.elf, which is an executable and linked format file for the application located in
hello_world 0 folder under Debug.

2.2 Build and Run the Program

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

To build the program, right-click the hello_world_0 project in the Nios II C/C++ Projects tab and
choose Build Project. The Build Project dialog box appears and the IDE begins compiling the
project. When compilation completes, a message ‘Build complete’ will appear in the Console tab.
The compilation time varies depending on your system. See Figure 2-5 for an example.
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JHios II C/CH+ — hello world.c — Nios II IDE

File Edit Refactor Navigate Search Project Tools Bun Window Help
A Ry = 4 & i
B @ e & [ @

BB Fios IT C/CHt Projects B2

[+ 'bc altera. components
= 25 hello_world 0
- €p Binaries
(2 Includes
([ Debug
- [€] hello_world. e
|2 spplication stf
D readme. txt
#1122 hello_world_0_syslib [DE2_115_SOPC

#inclode <stdioc.h>

int main()

retorn 0;

}

printf ("Hello from Nies II')

C-Build [hello_werld 0]
Info:

hardware sim

|l

| @

;g

Problems | Bl Conscle 5 . Properties

&

147 KBytes free
Creating generated app.sh..
Post-processing to create onchip memory2.h
Hardware simulation is not enabled for tf
ation model contents and simalation symbol files.
the instruction set simmlator.)

Build completed in 3.766 seconds

. Skipping creation of
: This does not affect

4l

Writable

Figure 2-5 Nios I1 IDE hello_world_0 Build Completed

After compilation complete, right-click the hello_world_0 project, choose Run As, and choose
NIOS II Hardware. The IDE begins to download the program to the target FPGA development
board and begins execution. When the target hardware begins executing the program, the
message 'Hello from Nios II!” appears in the NIOS II IDE Console tab. See Figure 2-6 for an

example.
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File Edit Refactor HNavigate Search FProject Tools Run Window Help

R, = 3
L lovg

Sy lmv oY

& Binaries
B (2 Includes
[# (= Debug
- [€] hello_world c
|=| application stf
2] readne. txt
#1125 hello_world 0_syslib [DEZ_115_SOPQ

#incluode <stdio.h>

int main()

printf("Hello from Nios II!\n");

return 0;

Problems | B Conscle §% . Properties

1al: "USB-Blaster [USB-0]", device

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

Hello from Nios II

P o fhello werld O

hello_world 0 Hios IT H¥ configuration [Wies IT Hardware] Wies I Terminal Window (10-8-17 EF11:48)
niosz-terminal: connected to hardware target using JTAG UART on cable

EBX

T | B Fios 1T Civt |

b [fE-ri- =0

Figure 2-6 Hello World_0 Program Output

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

the application, and debugging the source code.

2.3 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:

1. In the hello_world.c file, add the text shown in blue in the example below:

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

#include "altera avalon pio regs.h"
int main()

{

printf("Hello from Nios II'\n");

it count = 0;

int delay;

while(1)

{
IOWR_ALTERA AVALON PIO DATA(PIO LED BASE, count & 0x01);
delay = 0;

while(delay <2000000)

{

delay++;

}

count++;

return 0;

}

2. Save the project.

3. Recompile the file by right-clicking hello_world 0 in the NIOS II C/C++ Projects tab and
choosing Run > Run As > Nios II Hardware.

Note: You do not need to build the project manually; the Nios II IDE automatically re-builds the
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program before downloading it to the FPGA.

4. Orient your development board so that you can observe LEDG blinking.

2.4 Why the LED Blinks

The Nios II system description header file, system.h, contains the software definitions, name,
locations, base addresses, and settings for all of the components in the Nios II hardware system. The
system.h file is located in the in the hello_world_0_syslib\Debug\system_description directory as

shown in Figure 2-7.

JHios II C/CH+ — system.h — Nios II IDE

File Edit Refactor Hawigate Search Froject Tools Eun Window Help
H-HE B ig-&8-f-6-iH%-0-%- ®™F B H-F-0o- | BB Wies 1T /o |
BB wios IT C/ct+ Projects i2 = B [ hello werld o 'm =5
2| BFT =
[#-l=5 altera. components — A
S-S hello world 0 pio_led configuration
- Binaries
=] g Includes
[ (= Debug
- [€] hello_world e #define
|=| application. stf #define P
B readns. tut #define
(5 hello_werld D_syslib [DE2 115 sopc | Faefine
@€ Archives fidefine
(2 Ineludes fdefine
5= Debug #define P
-G obj #define
== system_description Aderine
@ [H system. h Adetine O
- [€ alt_sys_init ¢ fdefine
B generated gdb fidefine
E] gemerated sh Adafine
=l generated. x #dEfélte
[& generated sll.nk #define
[ gemerated_app. nk AEETne B
#-[i) ertd. o - [altersnioszle] st Inenied
- 1ibhello_world_0_syslib. o Adafine AL
&l ert0. d v
[ makefile
UZ;:?:.::E; Problems | El Console 2 . Properties a5 B-9- 0
C-Fuild [hello_world 0_syslibl
**#%% Build of configuration Debug for project hello world O syslib =#**+
make -s gll includes
Build completed in 1.204 seconds
< »
1w Hritable Smart Insert 24 01

Figure 2-7 system.h Location

If you look at the system.h file for the Nios II project example used in this tutorial, you will notice
the pio_led function. This function controls the LED. The Nios II processor controls the PIO 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.
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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.

The altera_avalon_pio_regs.h
file is located in altera\<version number>\ip\sopc_builder_ip\altera_avalon_pio.

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

IOWR_ALTERA AVALON PIO DATA (base, data)

can write to the PIO data register, turning the LED on and off. The PIO is just one of many SOPC
peripherals that you can use in a system. To learn about the PIO core and other embedded peripheral
cores, refer to Quartus II Version <version> Handbook Volume 5: Embedded Peripherals.

When developing your own designs, you can use the software functions and resources that are
provided with the Nios II HAL. Refer to the Nios II Software Developer’s Handbook for extensive
documentation on developing your own Nios II processor-based software applications.

2.5 Debugging the Application

Before you can debug a project in the NIOS II 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 2-8.
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JHRios IT C/C++ — hello world.c — Fios ITI IDE

File Edit Refactor HNavigate Search Project Tools Bun Window Help
Gi-rHa|m i ig - &- -G -0 - QG- i®@F (G- - F-we- i |[MB Fios IT o/oH |
BB Wios IT C/CH Projects 50 =l - =8
= £ 7 i A,
=5 altera. components
EHEE hello_world 0
- » Binaries
(2 Includes e
(= Debug
B[ hello_world «
|2 application. stf
2 readme. txt
125 hello_world_0_spslib [DE2_115_SOPC
#include "
#include "alt
int main()
printf("Hello from Nios II!\n"):
,el int cou = 0
int delay:
while (1)
IOWR ALTERA AVALON PIO DATA(PIO LED BASE, count & Ox01):
< 2000000)
delay++ B
Problems | Bl Conzole 53 ™. Properties = E | A|B-r5- =0
hello_world 0 Nioz IT MW configuration [Hios IT Hardware] Wios IT Terminal Windew (10-6-18 F<Fa8:36)
g JTAG UART on cable A
instance 0
C to terminate)
v
£ 2
e Hritable Smart Insert 23 : 1

Figure 2-8 Set Breakpoint

2. To debug your application, right-click the application (hello_world_0 by default) and choose

Debug as > Nios II Hardware.

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

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.

5. Choose Run-> Resume to resume execution.

When debugging a project in the Nios II 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 Nios II C/C++ project perspective from the debug perspective, click the

two arrows >> in the top right corner of the GUI.
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2.6 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 the Nios II IDE, right-click hello_world_0 and choose System Library Properties. The
Properties for hello_world_0_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 II hardware.

3. In the Linker Script box, observe which memory has been assigned for Program
memory(.text), Read-only data memory(.rodata), Read/write data memory(.rwdata), Heap
memory, and Stack memory, see Figure 2-9. These settings determine which memory is used to
store the compiled executable program when the example hello_world_0 programs runs. You can
also specify which interface you want to use for stdio , stdin, and stderr. You can also add and
configure an RTOS for your application and configure build options to support C++, reduced device
drivers, etc.

4. Choose onchip_memory2 for all the memory options in the Linker Script box. See Figure 2-9
for an example.

JProperties for hello_world 0_syslib

System Library

Info

g Target Hardware
Euilders

C/C++ Build SOFC Builder System:
C/C+ Documentation
C/0H+ File Types
C/C++ Include Faths
C/C++ Indexer

C/CH Make Project RI0S: nome (zsingle-threaded) v|  (OCuston linker seript
C/C+ Project Paths

Froject References

Refactoring History stdout [ tag mart =
System Library

CEU:

Swstem Library Contents Linker Script

(3)Use auto—generated linker script

stderr jtag_uart v

Program memory [, text): onchip_memory2 %
L 3
Sy Jtag uart Headoo:ily) dutainensey fl radatal: onchip_memory? %
- b
Systen clock tiner s Read/write data memory [ rwdata): onchip_memory2
: : 3
ey (e Soi Heap memory: onchip_memoryZ W
Max file descripters: |2z
F Sl iy TT—
[Program never exits [¥]Clean exit (flush buffers)
[JUse = separate exception stack
Support Ct+t+ DReduced device drivers
Exception stack memory:
[Lizhtweizht device driver APT [JSmall € library
FlEerrih s filine e i iy, o emdten o || LR Geamiion elodl slae liesls
[Jtnimplemented instruction handler [ |Run time stack checking
Softwars Components
, . telp | [Restore Defeults|
@ [ 0K ] [ cencal

Figure 2-9 Configuring System Library Properties
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5. Click OK to close the Properties for hello_world_0_syslib dialog box and return to the IDE
workbench.

Note: If you make changes to the system properties you must rebuild your project. To rebuild,
right-click the hello_world_0 project in the Nios II C/C++ Projects tab and choose
Build Project.
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Chapter 3 Programming the CFI Flash

With the density of FPGAs increasing, the need for larger configuration storage is also
increasing. If your system contains a common flash interface (CFI) flash memory, you can use your
system for FPGA configuration storage as well.

3.1 Modify the SOPC of the Project

1. Choose Library > Bridges and Adapters > Memory Mapped >Avalon-MM Tristate Bridge
to open the Avalon-MM Tristate Bridge wizard. See Figure 3-1 and Figure 3-2.

Fie Edit Module System View Tools Nios

System Contents | Syatem Generation

Component Library
Project

- New component...
Library

Bi“z---A'.falun Werification Suite
@---E ridges and Adapters
:i}-h‘leml:rry Mapped

‘. @ Avalon MM DDR Memory Half Rate E

' Awvalon-MM Clock Crossing Bridge
2 Avalon-MM Pipeline Bridge
e @ JTAG to Avalon Master Bridge
‘. @ SPISlave to Avalon Master Bridge
[+}-Streaming
[#-Interface Protocols
H-Legacy Components
H-Memories and Memory Controliers
+|--Peripherals
[#=-PLL
H--Proces=or Additions
H--Proces=ors
4515
[+-%ideo and Image Proces=ing

Figure 3-1 Avalon-MM Tristate Bridge
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|| Documentation

(¥ Registered
Increases off-chip fmax, but alzo increaszes latency.
) Not registered

Reduces latency, but alzo reduces fmax.
Mote: Check the input setup time=s analysis in the Quartus compilation report
to be =ure your bus inputz meet =ystem-level timing requirements.

Outgoing addres= and control zignals are always registered.

fack | Hext > |[Einish |

Figure 3-2 Avalon-MM Tristate Bridge Box

2. Click Finish to close Avalon-MM Tristate Bridge box, and return to the window as shown in
Figure 3-3.
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™ Altera SOPC Builder — DE2 115 _SOPC. sopc* (D:\myfirst niosiiiDE2_115_ SOPC. sopc)

File Edit Module System Wiew Toole Niosl Help
System Contents | System Generation
Component Library Target focemos
Project ~ Device Family| Cyclone WE Name Source MHz
I New component. . clk_50 External 50.0
Library
-Avalon Verification Suite
-Bridges and Adapters
[=H-Memory Mapped
@ Avalon MM DDR Memory Half Ra Use = Connect.. Module Name Description Clock Base End
Avalon-MM Clock Crossing Bride B cpu Nios Il Processor
Avalorn-kh P"""E E‘"QE instruction_master Avalon Memory Mapped Master clk_50
Avalon-HM Tristate Elnﬂge — data_master Avalon Memory Mapped Master IFQ 0 IfQ 3
JTAG to Avalon Master Bridge jtag_debug_module Avalon Memory Mapped Slave 0xDO0S0B00 (0x00080f£E
2 SPlSlave to Avalon Master Bridg B jtag_uart JTAG UART
[ Streaming [— avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x 00000000 |0x00000007
[#-Interface Protocols E onchip_memory2 On-Chip Memory (RAM or ROM})
EII-"LEQEC)_' Components =1 Avalon Memory Mapped Slave clk_50 0x 00040000 |0x00071££f
[#-Memoriez and Memory Controllers E pio_led PIC (Paralel VO)
[#-Peripherals [— =1 Avalon Memory Mapped Slave clk_50 0x00000010 |0x0000001F
B-PLL N tri_state_bridge_0 Awvalon-MM Tristate Bridge
[-Processor Additions L] = avalon_slave Awalon Memory Mapped Slave clk_50
[+-Processors — tristate_master Avalon Memory Mapped Tristate Master
@-SLS w
< >
=y | 5
Edit v ~ 4 Address Map... ] [ Filters... ] Fiter: Default

e Error: tri_state_bridge 0: tri_state bridge 0.tristate_master must be connected to an Avalon-MM Tristate slave

[ Generate ]

Figure 3-3 Add Avalon-MM Tristate Bridge Component

3.Rename tri_state_bridge 0 to tri_state_bridge_flash as shown in Figure 3-4.
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™ Altera SOPC Builder — DEZ 115 SOPC. sopcx* (D:imyfirst niosii\DEZ2_115_SOPC. sopc)
Fie Edit Module System View Toole Niozll Help

System Contents | System Generation|

Commeentl Drosy Target Clock Settings
Project ~ Device Family; Cyclone IV E v Name Source WHz
"I New component... clk_50 External 50.0
Library
#Avalon Verification Suite
[=-Bridges and Adapters
=+Memory Mapped
@ Avalon MM DDR Memory Half Ra Use = Connect.. Module Name Description Clock Base End
Avalon-MM Clock Crossing Bridg B cpu Mioz I Processor
Avalon-hb Piline Brge instruction_master Avalon Memory Mapped Master clk_50
Avalon-hM Tristate Brldge — data_master Avalon Memory Mapped Master 1RQ O IFQ 3
JTAG to Avalon Master Bridge jtag_debug_module Avalon Memory Mapped Slave 0x00080800 (0x00080fff
: @ SPI Slave to Avalon Master Bridg B jtag_uart JTAG UART
(- Streaming [— avalon_jtag_slave Avalon Memory Mapped Slave clk_50 0x 00000000 (0x00000007
[#-Interface Protocols E onchip_memory2 On-Chip Memory (RAM or ROM)
[#-Legacy Components =1 Avalon Memory Mapped Slave clk_50 0x00040000 |0x00071EEE
[#-Memories and Memory Controllers B pio_led PIC (Parallel VO)
[-Peripherals [-— =1 Awalon Memory Mapped Slave clk_50 0x00000010 (0x0000001f
B-PLL N tri_state_bridge_flash Avalon-MM Tristate Bridge
[#-Processor Additions o S avalon_slave Awvalon Memory Mapped Slave clk_50
[-Processors H—t tristate_master Avalon Memory Mapped Tristate Master
-5LS w
< »
4 1% | | >
[ Add... ] [ Remove ] [ Edit... ] v | x Address Map... ] [ Fiters... ] Fiter: Default

0 Error: tri_state_bridge_flash: tri_state_bridge_flash.tristate_master must be connected to an Avalon-MM Tristate slave

4 Pre [ Next |» ] [ Generate ]

Figure 3-4 Rename Avalon-MM Tristate Bridge

4. Choose Library > Memories and Memory Controllers > Flash > Flash Memory Interface

(CFI) to open Flash Memory Interface (CFI) wizard. See Figure 3-5 and Figure 3-6.
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System Contents | System Generation

Component Library
Project ~
-1 New component...
Library
---Avalu-n Werification Suite
---EI ridge=s and Adapters
---Interfaoe Protocols
---Legacy Components
I_i—_l---h'lemu-rie:s and Memory Controliers
o QDR lland QDR I+ SRANM Controler with UniPHY
o RLDRAM Il Controller with UniPHY
@ Traffic Generator and BIST Engine
H-DMA
=} Flash
I W CompactFlash Interface (True IDE Mode)
+ EPCS Serial Flash Controlier
- On-Chip
- SDRAM
- SRAM
[#-Peripheralz
&P
[+-Processor Additions
H-Processors L3
515 7
[l A fiden and mamsc Drooee inm

Figure 3-5 Flash Memory Interface (CFI)

-64

term www.terasic.com

WWW. LBrasic. com.




Imaslc

W Flazh Nemory Interface (CFI) — cfi flash 0

“ Flash Memory Interface (CFI)

L

Parameter
Settings

Presets: | Custom v

Size
Address Width (bits):
—

Create an interface to any industry-standard CFl (Common Flagh Interface)}-compliant
flazh memory device. Select from a list of tested flazh memories or provide interface
and timing information for a CFl memory device which does not appear on the list.

(i) Info: Flash memory capacity: 0.3 MBytes (262144 bytes).

< Back [ﬂext >][Eini sh]

Figure 3-6 Flash Memory Interface (CFI) Box

5. Modify Address Width as shown in Figure 3-7.
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Address Width (bits):
ot vt ot

Create an interface to any industry-standard CFl (Common Flagh Interface)}-compliant
flazh memory device. Select from a list of tested flazh memories or provide interface
and timing information for a CFl memory device which does not appear on the list.

(i) Info: Flash memory capacity: 8.0 MBytes (33838608 bytes).

Caneel ||« Back [Hext >][Eini sh]

Figure 3-7 Modify Address Width in Flash Memory Interface (CFI)

6. Choose Timing tab, modify settings as shown in Figure 3-8.

-66

tcrm www.terasic.com

WWW. LBrasic. com.




Flash Memory Interface (CFI)

(ot Jpoementation

Parameter
Settings

Attrbutes >

Awalon clock period iz 20.0 ns.
Timing granularity is in wnitz of Avalon clock period.

Actual setup time for read and write transfers: 60.0 ns
Actual wait-ztate time for read and write trangferz: 160 n=
Actual hold time for read and write transfers: 0.00 ns

(3 Info: Flash memory capacity: 8.0 MBytes (3388508 bytes).

|cancel || < Back | next

Figure 3-8 Timing Settings of CFI

7. Click Finish to close Flash Memory Interface (CFI) box, and return to the window as shown in

Figure 3-9.
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= Altera

Builder DE

Fie Edit Module System WView Tools Niosll

System Contents | System Generation|

ter

Component Library Target SRS
Project A~ Device Family; Cyclone IV E Name Source MHz
- New component... clk_50 External 50.0
Library
Avalon Verification Suite
Bridges and Adapters
[#-Interface Protocols
[#-Legacy Components Use Connect... Module Name Description Clock Base Ei
[=-Memories and Memory Controllers B cpu Nios | Processor
i~ QDRIand QDR I+ SRAM Controller with UniPHY e A ik 50
HEDRAM E Controtes v Dnetiy — data_master (Awalon Memory Mapped Master RG 0
175 rathe Geaerntn and BIST Engme jtag_debug_module \Awvalon Memory Mapped Slave 0x0008B0B00 |0x
G-DMA 5 itag_uart UTAG UART
(=-Flash —s avalon_jtag_slave \valon Memory Mapped Slave clk_50 0x00000000 |0x
@ CompactFlash Interface (True IDE Mode) B onchip_memory2 On-Chip Memory (RAM or ROM)
@ EPCS Serial Flash Controller =1 \Avalon Memory Mapped Slave clk_50 0x00040000 |0x
. 2 pio_led PO (Paralke 10}
&-On-Chip — 1 |Avalon Memory Mapped Slave clk_50 0200000010 |0x
- SDRAM  tri_state_bridge_flash |Avalon-MM Tristate Bridge
i E':SRAM avalon_slave \Avalon Memory Mapped Slave clk_50
- Peripherals ¥— tristate_master Avalon Memory Mapped Tristate Master
AL B cfi_flash_0 Flash Memory Interface (CFl)
-Processor Addtions =1 \&valon Memory Mapped Tristste Slave  [clk_50 0x00000000 |0x
Processors L4
®-5LS
[ il il D v
a4 | ES
Edit v |[x Address Map.. Fiter: Defaut
0 Error: cfi_flash_0: cfi_flash_0.s1 must be connected to an Avalon-MMW Tristate master
9 Error: tri_state_bridge_flash: tri_state_bridge_flash.tristate_master must be connected to an Avalon-MM Tristate slave
@ Info: cfi_flash_0: Flash memory capacity: 8.0 MBytes (8383603 bytes).
4 Fre
.
Figure 3-9 Add Flash Memory Interface (CFI) Component
. .
8. Rename Flash Memory Interface (CFI) as shown in Figure 3-10.
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C. sopc)

Fie Edit Module System View Took Niosll Help
System Contents | System Generation
Component Library Target e
Project -~ Device Famity:| Cyclone IV E ‘ Name Source MHz
1 New component... clk_50 External 50.0 =
Library =
[#-Avalon Verification Suite
--Bridges and Adapters
Interface Protocols
Legacy Components Use = Connect.. Module Name Description Clock Base Ei
[=i-Memories and Memory Controliers B cpu Nios Il Processor
- ® QDR land QDR I+ SRAM Controller with UniPHY e B e e clk_50
“ RLDRAM Il Controller with UniPHY —t data_master \Avalon Memory Mapped Master IRQ 0
@ Traffic Generator and BIST Engine jtag_debug_module |Avalon Memory Mapped Slave 0x00080800 |0x
DA B jtag_uart ITAG UART
=-Flash — avalon_jtag_slave \valon Memory Mapped Slave clk_50 0x00000000 |0x
CompactFlash interface (True DE Mode) = onchip_memory2 On-Chip Memory (RAM or ROM)
® EPCS Serial Flash Controller s1 \4valon Memory Mapped Slave clk_50 0x00040000 |0x
el Flash Memory Interface (CFI) B pio_led PIO {Parallel O}
~On-Chip — =1 \valon Memory Mapped Slave clk_50 0x00000010 |0x
SDEM 5 tri_state bridge_flash |Avalon-MM Tristate Bridge
B SRAM avalon_slave \4valon Memory Mapped Slave clk_50
-Peripherals 5 tristate_master \&valon Memary Mapped Tristate Master
PLL cfi_flash Flash Memory Interface (CF1
-Processor Additions =1 \Awvalon Memory Mapped Tristate Slave  |clk_50 0x00000000 |0x
--Processors L
815
Afird. and Imama Dr X
4| 5
v | = Address Map.. Fiter- Defaut
Q Error: tri_state_bridge_flash: tri_state_bridge_flash.tristate_master must be connected to an Avalon-MM Tristate slave
e Error: cfi_flash: cfi_flash.s1 must be connected to an Avalon-MM Tristate master
@ Info: cfi_flash: Flash memory capacity: 8.0 MBytes (8383508 bytes).
4 Fre
.
Figure 3-10 Rename Flash Memory Interface (CFI)
. o o N . .
9. Link tri_state_bridge_flash to cfi_flash as shown in Figure 3-11.
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Builder — DE2_115_SOPC. sopc* (

Fie Edt Module System View Tools Niosll Help

System Contents | System Generatinn1

Processors
S

Component Library Target e
= S s
23 New component... clk_50 External 50.0 =
ary
Wvalon Verification Suite
Bridges and Adapters
Interface Protocols
Legacy Components Use | Connect..| Module Name Description Clock Base End Tags
Memories and Memory Controllers: Bl cpu Mios Il Processor
@ QDRIland QDR I+ SRAM — instruction_master Avalon Memory Mapped Master clk_50
* RLDRAMW Il Controller with — data_master Avwalon Memory Mapped Master IER 0| IRQ 31
@ Traffic Generator and BIS jtag_debug_module Auwvalon Memory Mapped Slave 0x000B0800 (0x00080ffT
‘DMA B jtag_uart UTAG UART
[=-Flash avalon_jtag_slave Avwalon Memory Mapped Slave clk_50 0x000B1010 0200081017
@ CompaciFiash Interfac El onchip_memory2 On-Chip Memory (RAM or ROM)
@ EPCS Serial Flash Cor =1 Avalon Memory Mapped Slave clk_50 0x00040000 (0x00071F55
° B pio_led PIO (Paraliel U0)
-On-Chip =1 Awalon Memory Mapped Slave clk_50 0x00081000 (0x0008100F
-SDRANM B tri_state_bridge_flash |[Avalon-MM Tristate Bridge
[-SRAM avalon_slave Avalon Memory Mapped Slave clk_50
Peripherals Avalon Memory Wapped Tristate Master
PLL L Flash Memory Interface (CFIy
Processor Additions Avalon Memory Mapped Tristate Slave  |clk_50 0x 00000000 (Ox00TEEfEE

x

Fitter: Default

@ Info: cfi_flash: Flash memory capacity: 8.0 MBytes (8388608 bytes).

0 Error: cpu.instruction_master: onchip_memory2.s1 (0x40000. 0x7{fff) overlaps cfi_flash.s1 (0x0..0x7fffff)
0 Error: cpu.data_master: onchip_memory2.s1 (0x40000..0x7 ffff) overlaps cfi_flash.s1 (0x0_0x7 fffff)

Figure 3-11 Link tri_state_bridge flash to cfi_flash

10. Choose tri_state_bridge_flash > Shared Signals tab, and choose data box as shown in Figure 3-12.
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Specify which =ignale ghould =hare external system connections.
Note: The data =ignal iz always =hared, and the chip=elect_n =ignal iz never =hared.

cfi_flash.s1

|cancel || < Back | 1ex

Figure 3-12 Choose data box

11. Click Finish to close the Avalon-MM Tristate Bridge Box. Choose System > Auto-Assign Base
Addresses, then click Generate to generate the sopc.

3.2 Modify the myfirst_niosii.v

1. In the Quartus II, modify myfirst_niosii.v as below.
module myfirst niosii
(

CLOCK 50,

LED,

/1111771 ¥lash /111111111
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FL_ADDR,

FL CE N,

FL DQ,

FL OE N,

FL RESET N,

FL_RY,

FL_ WE N,

FL WP N,
);
input CLOCK 50;
output [7:0] LED;

I Flash /11111111

output [22:0] FL ADDR;
output FL CE N;
inout [7:0] FL DQ;
output FL OE_N;
output FL RESET N;
input FL RY;

output FL WE N;
output FL WP _N;

DE2 115 SOPC DE2 115 SOPC inst
(
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clk_50 (CLOCK_50),

.out_port from the pio led (LED),

//flash
.address_to the cfi flash(FL ADDR),
read n to the cfi flash(FL OE N),
.select n to the cfi flash(FL CE N),
tri_state bridge flash data(FL DQ),

write n to_the cfi flash(FL_ WE N),

.reset_n (1'b1)

// Flash Config
assign FL RESET N=1l;

assign FL WP N =1bl;

endmodule

2. Re-compilation myfirst niosii project.
3.3 Re-assign pins

1. re-assign pins. The pins as shown in Table 3-1.

‘ Node Name Location
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CLOCK_ 50 PIN Y2
FL_ADDR[0] PIN AGI12
FL_ADDR[1] PIN_AH7
FL_ADDR[2] PIN Y13
FL_ADDR[3] PIN Y14
FL_ADDR[4] PIN Y12
FL_ADDR([5] PIN AAIL3
FL_ADDR([6] PIN AAI2
FL_ADDR([7] PIN_AB13
FL_ADDR([8] PIN_ABI2
FL_ADDR[9] PIN_ABI10
FL_ADDRJ[10] PIN_AE9
FL_ADDR[11] PIN_AF9
FL_ADDR[12] PIN _AA10
FL_ADDR[13] PIN_ADS
FL_ADDR[14] PIN_AC8
FL_ADDR[15] PIN Y10
FL_ADDR[16] PIN_AAS
FL_ADDR[17] PIN AHI2
FL_ADDR[18] PIN _AC12
FL_ADDR[19] PIN ADI2
FL_ADDR[20] PIN_AE10
FL_ADDR[21] PIN_AD10
FL_ADDR[22] PIN_ADI1
FL CE N PIN AG7
FL_DQ[0] PIN_AHS
FL DQ[1] PIN_AF10
FL DQ[2] PIN_AG10
FL _DQ[3] PIN_AH10
FL _DQ[4] PIN AF11
FL_DQ[5] PIN _AGI1
FL_DQ[6] PIN_AHI1
FL _DQ[7] PIN_AF12
FL OE N PIN_AGS
FL RESET N PIN AEl1l
FL RY PIN Y1
FL WE N PIN_AC10
FL WP N PIN _AEI2
LED[0] PIN E21
LED[1] PIN E22

WWW. LBrasic. com.
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LED|2] PIN E25

LED[3] PIN E24

LED[4] PIN_H21

LED[5] PIN_G20

LED[6] PIN _G22

LED[7] PIN_G21

Table 3-1 Pin assignment

2. Re-compilation myfirst niosii project and re-download myfirst niosii.sof to the development
board.

3.4 Re-Configure System Library

1. In the Nios II IDE, right-click hello_world_0 and choose System Library Properties. The
Properties for hello_world_0_syslib dialog box opens.

2. Choose cfi_flash for Program Memory and Read-only data memory. See Figure 3-13.

JProperties for hello world O_syslib

tyvpe filter ot ) System Library
Ine Target Hardvare
Builders
C/0H Build SOFC Builder System

C/C++ Documentation
C/C++ File Types
C/C+ Tneluds Paths
C/C+H Indexer

C/TH Maks Frojeet RI0S: |nome (single-threaded) v| Orustom linker seript
C/C++ Froject Faths

Project References

Refactoring Histor : :
System Libfary v stdout: |dtaguart Y| (E)VUse auto-generated lizker seript

CPU:

System Library Contents Linker Secript

stderr: Jtag uart w

Frogram memory [ text): efi_flash ~
tdin: 1t t b b
R [Jtag nar Bead-only data memory [ rodatal: cfi_flash -
System clock + v . :
- Fans Read/write data memory [ rwdata): onchip_memory2 W
Ti X ti . v [ i
MESLAMDEL LD Er |nons Heap memory: onchip_memory2 %
Mex file deseriptors: |32 :
E L Stack memory onchip_memory? ¥
[(Frogram never exits [¥]clean exit (flush buffers) :
[Use 2 separate exception stack
[¥] Support CH [OReduced device drivers
Exception stack memory:
[Lizhtweizht device driver AFT [Jsmall C litrary L
. . e » . ] t1 tack =i t 2
[JLink with profiling library [IModelSim only, no hardwsre support i o sty suee (ptas)

[ tninplemented instruction handler [ |Bun time stack checking

Softwars Components

Help | [Bestore Defaults|

@ [ [ J [ cenca

Figure 3-13 System Library
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3. Click OK to close the Properties for hello_world_0 syslib box and re-build hello world 0

project.

3.5 Programming the CFIl Flash

1. Choose Tools > Flash Programmer... to open Flash Programmer box. See Figure 3-14.

JFlash Programmer @

Program project to flash memory on target board Q

Configure launch settings from thiz dialeg:

t',-e filter text ~ "— Fress the "Hew' button to create a configuration of the selected type.
@ Flash Frogranmer =| = Fress the ‘Duplicate’ button to copy the selected configuration.
3 - Press the “Delete’ button to remove the selected configuration.
:%:b— Fress the 'Filter' button to configure filtering options.

= Edit or wiew an existing configuration by selecting it.

Configuwre launch perspectiwe settings from the Perspectives preference page.

Figure 3-14 Flash Programmer Box

2. Double-click Flash Programmer, the flash programmer appears. Make sure your settings are the

same as shown in Figure 3-15.
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JFlazh Programmer E]

@

Program project to flash memory on target board
Program flash with hello_world 0 and myfirst_niesii.sof (using seript D:/myfirst niosiifsoftware/hello_world_0/Debug/flash progranmer. zh).

=g

Hame: |flash programmer

Target -

Target Board: CYCLONEIVE ¢no target board specified in the SOPC Builder system?

=] @ Flash Programmer
@ flash programmer

[W]Prozram software project into flash memory

Froject:

|hello_world D

i [ Browse. .. ]

Target Hardware

Additional miosZ-flash-progranmer arguments: |

| [Losd T0I File

Additional soffflash arguments: [ |

Prog:ram FPGh configuration data into hardware-image region of flash memory

FEGA Configuration (S0F): iD:\myfirst_niosii\myfirst_niosii. sof

| [ Browse. ..

Hardware Image: [Custon ¥ | Memory: [cfi_flash v | 0gfset: [ox0 |

[JFrozram a file into flash memory

@ Frogram Flash] [

Cloze

Figure 3-15 flash programmer settings

3. Click Program Flash. If the “Program Flash Now?” message box appears, click Yes.

See Figure 3-16.

JEProgram Flash NHow?

To help enszure flash memory integrity, the flash programmer canmot be
cancelled once programming starts.

Programming flaszh can take a long time.

\l-’-\’/z

Program flash now?

[1Don't ask azain.

J |

[ Tes

Figure 3-16 Program Flash Message Box

4. When program flash completely, the console tab displays as shown in Figure 3-17.
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ios IT C/CH: — hell

File Edit
CE -
i

BB 5ios IT C/CH Projects 7

Refactor

Havigate
& o A% [ -
=0

£

=4
£l

El
=% altera romponents
=25 hello_werld 0
[H-4p Binaries
(2 Includes
(= Debug
- [€] hello_world. e
|Z] application stf
E] readne. txt
[#) bc hello_world O_syslib [DEZ_115_SOFC

A
|

s

Search Project

Tools Bun Window Help

G- %-0-Q- S5

[€] hello_world e 57

#include
#include
#include
int main()

"system
Talter

o

avalon pio regs.

printf ("H
int count

int delay:
while (1)

cl
2
4

RAL_AVALON_PIO DATA (PIO_LED BASE

, count &

0x01) ;

Froblems Froperties

% % | G b |2

=0

~

|<

{terminated? flash prosrammer [Flash Programmer] flash programmer. sh (10-6-17 ToF4:53)
(6€%) : Programming

(83%): Programming

Programmed 45KB +3KB in 0.8s (60.0KB/s=)
ce contents checksummed OF

Leaving target processor paused

B

| €

5. Restart power on the bo

will see that the led blinks.
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Figure 3-17 Program Flash completely

ard. Download myfirst niosii.sof of your project
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