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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 DE-Nano 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:

Nios II processor core, that’s where the software will be executed
On-chip memory to store and run the software

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

LED peripheral I/O (PIO), 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.

tcrm www.terasic.com

WWW, LT IG. Gom




Search altera.com

T

Close

New Project Wizard. ..
Open Project...
Save Project

Close Project

Save Ctrl+5

= = =) UART U S°1

File Properties... I?I‘rn?nl.'ll:ﬂ:: i
Create | Update @ Documentation
EE @ Notification Center

Convert Programming Files. ..

Page Setup...

Print Preview

Print...

Recent Files
Recent Projects
Exit

HIE
=\_system /\ Processing /

Starts the Mew Project Wizard 0% 00:00:00 .

Figure 1-1 Start to Create a New Project
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Directory, Name, Top-Level Entity [page 1 of 5]

What is the warking directory for this project?

Cilalteral13.0s E]
What is the name of this project?
What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
Use Existing Project Settings...
| <Back |[ Next> || Finsh |[ cancel || Hep

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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Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?

D /myfirst_niosi|

e
What iz the name of this project?
Ehrst_nioé}i“ E]
What is the name of the topevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
myfirst_niosi E]
Use Existing Project Settings...

[ <@ J[ mext> ][ ensh J[ cancel |[ mep |

Figure 1-3 Input the working directory, the name of project, top-level design entity
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Add Files [page 2 of 5]

Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the project.
Mote: you can always add design files to the project later.

Eile name: E] Add
File Mame Type Library Design Entry/Synthesis Tool HDL Version

I Remove

Up
Down

Properties |

Specfy the path names of any non-default libraries.

| <Back |[ mewt> || Ensh || cancel || Heb

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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&) Mew Project Wizard

Family & Device Settings [page 3 of 5]

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

You can install additional device suppaort with the Install Devices command on the Tools menu.

Device family

Family: |Cyclone IV E

Devices: |All

Target device

) Auto device selected by the Fitter

@ Specific device selected in 'Available devices' list

Other: nfa

Available devices:

Show in ‘Available devices' list

Package: [Any

Pin count: [Arw

Speed grade: [Arw

Mame filter:

Show advanced devices

HardCopy compatible only

Hame Core Voltage LEs User I/0s Memory Bits Embedded multiplier 9-bit elements PLL 1+
EP4CE22E22CSL 1.0v 22320 80 608256 132 4 z
EP4CE22E2217 1.2v 22320 80 503256 132 4 4 |
EP4CE22E2218L 1.0v 22320 a0 503256 132 4 El_l
EP4CE22F17AT 1.2v 154 503256 4 z
EP4CE22F 17C6 608256 -E
EP4CE22F17C7 1.2v 154 603256 z
FRPACEIIE1TIR 1w 22790 154 ANRIGA 137 4 -
4 I | 3

Companion device
HardCopy: -
Limit DSP & RAM to HardCopy device resources
| <Back || mext> || Ensh || cancel || Hep

wWww, EBraBIc. com

Figure 1-5 New Project Wizard: Family & Device Settings [page 3 of 5]
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F ™4
&4 New Project Wizard M
EDA Tool Settings [page 4 of 5]
Specify the other EDA tools used with the Quartus II software to develop your project.
EDA tools:
Tool Type Tool Name Format(s) Run Tool Automatically
éDesign EntrySynthesis [ <None = - ] <MNone = - Run this tool automatically to synthesize the current design
Simulation [<None> v] <Mone = - Run gatedevel simulation automatically after compilation
I
Formal Verification <MNone = -
f Board-Level Timing [{None> - ]
Symbol [<None> = ]
Signal Inteqrity [{None:: - ]
Boundary Scan [<None> - ]
I
H
[l
[ < Back ] [ Mext = ] [ Finish ] [ Cancel ] [ Help
LS -

Figure 1-6 New Project Wizard: EDA Tool Settings [page 4 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.

ter [l www.terasic.com

wWww, EBraBIc. com




Imaslc

-
&4 New Project Wizard

Summary [page 5 of 5]
When you dick Finish, the project will be created with the following settings:

Project directory:

Project name:

Top-evel design entity:
Number of files added:

N Mumber of user libraries added:

Device assignments:
Family name:
Device:
EDA tools:
Design entry/synthesis:
Simulation:
Timing analysis:
l  Operating conditions:
WCCINT voltage:

Junction temperature range:

D:fmyfirst_niosii
myfirst_niosii
myfirst_niosii

a

1]

Cydone IVE

EP4CE22F17Ca

<Mone = {<MNone:)
<Mone = {<MNone:)

0

l2v

0-85 *C

Mext =

l

Finish

) e |

Help

Figure 1-7 New Project Wizard: Summary [page 5 of 5]
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@ Quartus 11 32-bit - D:/myfirst_niosii/myfirst_niosii - myfirst_niosii

E=Sic <)

File Edit View

Project  Assignments Processing  Tools  Window Help 5 Search altera.com

DB H@ & BB 9 o [myfstis Y LSO D e D R

»»

|Project Mavigator

Ba x|
Entity
/Ay Cyclone IV E: EPACE22F 17C
= myfirst_niosii %
l AITERA
< T | 3

% Higrarchy | @H&S | ?DesmUmts | :‘}‘P‘lbl

|Task5 15 x | t.-ET)
Flaw: [FLﬂDesg"l V] lCustm-]z'E ]'
- View Quartus Il
o = D a Information
|53 Start Project
— -
4 1 | b
LR @ E T o v
a Type ID HMessage
5
K .
é\. System i Processing J
0%  00:00:00

Figure 1-8 A New Complete Project

5. Choose Tools > Qsys to open new Qsys system wizard . See Figure 1-9 and Figure 1-10.
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@ Quartus I 32-bit - Di/myfirst_niosii/myfirst_niosii - myfirst_niosii

DS H@ % 5@ 9 o [myfsti

File Edit View Project Assignments Processing | Tools | Window

Hp

Search altera.com e

|Project Mavigator

= %

Entity
/iy Cydone 1V E: EPACE22F 17C6
2 myfirst_niosii %

< m |

s
i

o

: = ————— |

.& Hierarchy |_|£ Files | " Design Units | % I .

[Tasks ¥

Flow: lFLHDeggn V] [Custom @

Task

i [ StartProject o

> [ Create Design @n

< —w | =

Status Tasks E

HolE P <<searchz> |0 %
Sl iD M

ype essage ﬁ.

I 4

4

G

|Messages

\_System /% Processing /

Starts Qsys System Integration Tool

Run Simulation Tool
Launch Simulation Library Compiler

Launch Design Space Explorer
TimeQuest Timing Analyzer
Advisors

Chip Planner
Design Partition Planner

Netlist Viewers

SignalTap II Logic Analyzer
In-5ystem Memory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
SignalProbe Pins...

Programmer

JTAG Chain Debugger

Transceiver Toolkit

External Memary Interface Toolkit

Mega\Wizard Plug-In Manager

Mios II Software Build Tools for Edipse
Qsys

Td Scripts...

Customize...

Options...

License Setup...

Install Devices...

e D rg OO 2 @ »

TUS"I]

Version 13

6 View Quartus Il
Information

a Documentation
O Natification Center

0% 00:00:00

Figure 1-9 Qsys Menu
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File Edit System View Tools Help

Component Library Project Settin lnstance Parameters |  Systeminspector | HDLExample | Generation
System Contents Address Wap | Clock Settings

|G x|
Project

o Ug New Component..
Library
! i Config-Bypass App Exam
‘Bridges
‘Bridges and Adapters
Cleck and Reset
Configuration & Programming
DsP
Embedded Processors
Interface Protocols
Memories and Memary Contro
Merlin Components
Microcontroller Peripherals
‘Peripherals
PLL
Q=ys Interconnect e

Use Conn... Name Description Export

B clk_0 Clock Source
clk_in Clock Input clk
clk_in_reset Reset Input reset
clk Clock Qutput

H—i clk_reset Reset Output

»

m

4 H4r M BIX+

4 L]

Messages |

Description Path

0 Errors, 0 Warnings

I

Figure 1-10 Create New Qsys System

6. Save as the System as shown in Figure 1-11.
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A Qsys

P =

Edit System View Tools Help

Ctrl+N

HDL Example | Generation

New System... Settings | Instance Parameters I System Inspector I
New Component. . System Contents | Address Wap | Clock Settings
Open... Ctrl+O Conn... Name Description Export
Save Ctrl+5 EH clk_0 Clock Source
= = clk_in Clock Input clk
EAS... clk_in_reset Reset Input reset
Refresh System F5 H— clk Clock Qutput
Export System as hw.tcl Component = clk_reset Reset Output
Browse Project Directory...
Exit Alt+Fa
ST T T T T
[#)-Memories and Memory Contro
-Merlin Components
! -Microcontroller Peripherals
v Peripherals
-PLL
~Qsys Interconnect
“Werification I8
P T
o | [ A
q [TI] }
Messages |
Description Path

0 Errors, 0 Warnings

7. Rename System Name as shown in Figure 1-12. Click Save and your

shown in Figure 1-13.

wWww, EBraBIc. com

Figure 1-11 Save System
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L e =

Save in: , nano_thy_first_fpga v I EE

.

L gsys_edi

=

Recent Ttems

Desktop

£
My Documents

&& I.

Computer

li Filz name: |DED_! _QENS Save

Hetwork Filgs of type: :sts System Files (*.gqays) ]
E=EE™SC

Figure 1-12 Rename System

- —

AL Qsys - DEO_NANO_QSYS.gsys (DAmyfirst_niosin\DEO_NANO_QSYS.gsys)

-Microcontroller Peripherals
- Peripheralz

-PLL

-Qsys Interconnect e
-Werification

File Edit System View Tools Help
Component Library | Projectsetins | Instance Parameters |  Systeminspector | HDL Example | Generation
System Contents | Address Map Clock Settings
4 X
Project ‘ 4r Use  Conn.. MName Description Export
£ New Componert... = (| % B clk_0 Clock Source
Library | | cli_in Clock Input clk
- @ Config-Bypass App Exan ': clk_in_reset Reset Input reset
[-Bridges — clk Clock Output
(- Bridges and Adapters Fs = clk_reset Reset Output
[#-Clock and Reset -
[+-Configuration & Programming =
+-DSP = )
[+-Embedded Processors 1 ?
| | B-interface Protocols
[#-Memories and Memory Contro
[+-Merlin Components
[+
[
-
[
[
o

L1} 2

4 n

Messages |

| Diescription Path

0 Errors, 0 Warnings

Figure 1-13 A New System
8. Click the Name of the Clock Settings table, rename clk 0 to clk 50. Press Enter to complete the
update. See Figure 1-14,

13
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.
XL Qsys - DEO_NANO_QSYS.gsys™ (D:\myfirst_niosii\DEO_NANO_QSYS.qsys) [E=EEN

File Edit System WView Tools Help

Component Library Project Settings I Instance Paramsters I System Inspector | HDL Example I Generation

System Contents | Address Map Clock Settings

Clock Settings

Name Source MHz

|F‘.emo-.-e|

+}-Configuration & Programming
DSP
t-Embedded Processors
Interface Protocols
IMemories and Memery Contro
+1-Merlin Components
Micrecontroller Peripherals
+-Peripherals
I PLL
Qays Interconnect =
Verification

P T —
| [ New. ]| Edt. | | o Add. |

m

ii Mez=zages |

|| Description Path I|

lll 0 Errors, 0 Warnings.

Figure 1-14 Rename Clock Name

9. Choose Library > Embedded Processors > Nios II Processor to open wizard of adding cpu

component. See Figure 1-15 and Figure 1-16.

14
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L Qsys - DEO_NANO_QSYS.qgsys* (D:\myfirst_niosii\DEO_NANO_QSYS.gsys)

PSEET—

File Edit System View Tools Help
Component Library | ProjectSettings |  Instance Parameters |  Systeminspector | HDLExample | Generation
| i System Contents | Address Map | Clock Settings
4 b3
Project o 4 Use Conn... MName Description Export
...... g New Component. b 4 Clock Source
Library clk_in Clock Input clk
----- @ Config-Bypass App Exan : clk_in_reset Reset Input reset
i X — clk Clock Output
[+]-Bridges
[-Bridges and Adapters F H— clk_reset Reset Output
[#-Clock and Reset = v
[+]-Configuration & Programming x
[#-D5P .
]-Embedded Processors ‘?
~ @ Bitswap
] Custem Instruction Int
Custem Instruction Me—
Custem Instruction Sk
Floating Point Hardwz
Hard Processor Sysh
Nio= |l Processor
[#-Interface Protocols i
;_‘ .HI' - IP
[ New... ]| Ed.. | [ dh Add... ] . a '
Meszages |
Description Path
0 Errors, 0 Warnings
.

T13asiC)
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Figure 1-15 Add Nios Il Processor

15

www.terasic.com




& Nios I Processor - hl:USIE_qsys_uﬂ\

“ Nios Il Processor

»

Core Mioz || | Caches and Memory Interfaces | Advanced Festures | MMU and MPU Settings | JTAG Debug Module
|' Select a Hios Il Core
Mioz I| Core: 7 Nios Ilie
() Mios s
@ Mios It
Nios Ilife Nios II/s Nios IIf
. RISC RISC RISC
Nios Il 32bit 32-hit 32-hit
Selector Guide Instruction Cache Instruction Cache
Branch Prediction Eranch Prediction
Hardware Multiphy Harolhware Multiply
Hardware Divide Hardhware Divide
Barrel Shifter =
Data Cache
ynamic Branch Prediction
Memory Usage (e.g Stratix V) | Twwo M3Ks (or ecuiv.) Twvio M3Ks + cache | Three M3Ks + cache
|' Hardware Arithmetic Operation
Hardware muttiplication type: ‘Embedded Multipliers
|| Hardware divide
|~ Reset Vector
Reset vector memary: —
Reset vector offzet .
Reset vector:
[T E ion Vector | 4
Exception vector memary:

-

Exception vector offset:

Exception vector:

[~ MMU and MPU
[ Incluce hbL

e Error: ning2_gsys_0: Reset slave iz not specified. Please select the resst slave
e Error: nios2_gsys_0: Exception slave is not specified. Please select the exception slave

Figure 1-16 Nios Il Processor

10. Click Finish to return to main window as shown in Figure 1-17.

16
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L Qsys - DEO_NANO_QSYS.gsys™ (Dimyfirst_niosi\DED_NANO_QSYS.gsys)

P~

File Edit System View Tools Help

Component Library Project Seftings | instance Parameters I System Inspector I HOL Example I Generation
System Contents : Address Map Clock Settings
4 X
Project " = Use  Connections Name Description Expo
o Bl New Gomponent b 4 Clock Source
Library B clk_in Clock Input clik
..... @ Config-Bypass App Exam .I clk_in_rezet Reset Input reset
[+-Bridges clk Clock Output
[+-Bridges and Adapters i clk_reset Reset Qutput
[#-Clock and Reset = - B nios2_gsys_0 Nios Il Processor
[#-Configuration & Programming = clk Clock Input
[+-DSP . reset_n Reset Input
I [=-Embedded Processors ? data_master Avalon Memory Mapped Master
- @ Bitswap instruction_master Avalon Memory Mapped Master
: o Custom Instruction Int ftag_debug_meodule_re...|Reset Output
Custom Instruction Mz — ftag_debug_module Avalon Memory Mapped Slave
Custom Instruction Sk w—{ custom_instruction_m... |Custom Instruction Master
Floating Point Hardwe
Hard Processor Sysh
Nios || Processor
[#]-Interface Protecols A8
o PR - .}
Meszages |
o
Description Path ﬂi
4 Errors, 0 Warnings
N — ] —

Figure 1-17 Add Nios Il CPU completely

11. Choose nios2_gsys_0 and right-click then choose rename, after this, you can update nios2 gsys
0 to cpu. See Figure 1-18 and Figure 1-19.

T13asiC)
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-
£ Qsys - DEO_NANGC_QSYS.gsys* (D:\myfirst_niosifnDEO_NANO_QSYS.gsys) E=REE
File Edit System View Toolz Help

Compenent Library | ProjectSetings | Instance Parameters | Systemnspector |  HDL Example | Generation
System Contents | Address Map | Clock Settings
-4 X "
Project n Use  Connections Name Description Expor
Lo New Component ¥ A B clk_50 Clock Source
Library e clk_in Clock Input clk
..... @ Config-Bypass App Exam : clk_in_reset Reset Input reset
[+-Bridges = clk Clock Output
[+-Bridges and Adapters Y clk_reset Reset Output
- Clock and Reset ] ~ I .
[#]--Configuration & Programming 3 = = SITTEEITE g
[+-DSP . re )
l = Embedded Processors 7 o W Fiter > led Master
i @ Bitswap in_ . ed Master
Custom Instruction Int it G2 Edt.. Cr+E
I Custom Instruction Mg | ftd &7 Rename Ctrl+R  |ed Slave
Custom Instruction Sk w— c Duplicate Cirl+D ister
Floating Point Hardwe
Hard Processor Sysh H  Remove
. | Detaie g
[#]-Interface Protocols
[+--Memories and Memory Contro ™ Show Arbitration Shares
4 i 3
"l Lock Base Address
4 m By Expand Al J
Messages | B Colapse Al
Description ’ Set Color... @
9 Exception slave is not specified. Pleaze select the exception slave @ Print._ i
4 Errors, 0 Warnings

Figure 1-18 Rename CPU name (1)
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A Qsys - SoCKit_QSYS.qays® (CiMy_First_NiosMSoCKit_QSYS.qsys)
File |Eclit| System View Toolz Help

Componerit Library System Contents | Address Map | Clock Settings I Project Settings I Instance Parameters I Syatem Inspector I HOL Example | Generation
Y X P Use  Connections Mame Description Export Clock Basze
Project p b 4 = clk_s.ll Clock Source
L Wew Companent.. F G2 Elk—!” Clack Input clk
o clk_in_reset Reset Input reset
Library =
- @ Master Export Pass-Throl clk Clock Output clk_S0
i-Biter: rs Ik_resei Reset Output
-Bricoes - 2 nios2_gsys
i-Clock and Reset 2 = clk Clock Input uncomnected
£-Configuration & Programming resetn FReset Input [clk]
i-DSP ? data_master Ayvalon Memory Mapped Master [clk]
- Embedded Processors instruction_sster Meeslon Memory Mapped Master [zlk]
Bitswap Jtan_debug_maodule_re .. |Reset Output [clk]
Custom Instruction Int. jiag_debyg_mud.ula Avalon Memury.Mapped Slave [clk] 00800
Custom Instruction Me—) *— custom_instruction_m... |Custom Instruction Master
Custom Instruction Sk
@ Floating Point Hardws
Hard Processor Syste
2 I
t-Intertace Protocaols
£l-Memories and Memory Contro ™
] 1l v
[mew | | et [ h A ]
4 mn b
Meszages ‘
Description Path
=) 4 Errors Il
0 Reset slave iz not specified. Please select the reset slave Systemnios2_gsys ‘=
0 Exception slave iz not specified. Please select the exception slave System nios2_gsys ‘_
0 nios2_gsys.clk must be connected to & clock output Systemnios2_gsys i
4 Errors, 0 YWarmings

Figure 1-19 Rename CPU Name (2)

11. Connect the clk and clk reset as shown in Figure 1-20. (clicking the hollow dots on the
connection line. The dots become solid indicatingthe ports are connected.)

19
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r =
L Qsys - DEO_NANC_QSYS.gsys™ (D:\myfirst_niosii\DEO_NANGC_QSYS.gsys) E=REEE
Fie Edit System View Tools Help
Companent Library | Projct Settings | instance Parameters |  Systeminspector | HDLExample | Generation
System Contents | Address Map Clock Settings
4 X
Project o :‘,]- Use  Connections Name Description Expor|
L Mew Component x Bl clk_50 Clock Source
Library = clk_in Clock Input clk
i @ Config-Bypass App Exan ; clk_in_reset Reset Input reset
Il | &-Bridges = ck Clock Output
-Bridges and Adapters E- clk_reset Reset Output
-Clock and Reset | - = cpu Nios Il Processor
[l -Configuration & Programming | ~ = — clk Clock Input
-DSP ) p— reset_n Reset Input
I Ei_l---Emhedcled Processors ? — data_master Avalon Memory Mapped Master
i Bitswap = instruction_master Avalon Memory Mapped Master
| Custom Instruction Int — ftag_debug_module_re.. |Reset Output
| Custom Instruction M: ftag_debug_module Avalon Memory Mapped Slave
: Custem Instruction SI:_ H— custom_instruction_m... |Custom Instruction Master
Floating Point Hardwz
Hard Processor Sysh
[#l-Interface Protecols
[#--Memaries and Memory Contra ™
P T — b
cot
4 m 3
Messages |
Description Path @ l
— . ! ]
e Exception slave i not specified. Please select the exception slave |S'_.f5ten1.cpu | :
| 2Errors, 0 Warnings
e —— U

Figure 1-20 Connect the clk and clk_reset

12. Choose Library > Interface Protocols > Serial > JTAG UART to open wizard of adding JTAG
UART. See Figure 1-21 and Figure 1-22.
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L Qsys - DEQ_NANO_QSYS.qsys® (D:\myfirst_niosil\DEQ_NANO_QSYS.qsys) E=NEER

File Edit System View Tools Help

Component Library | ProjectSetfings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents | Address Map | Clock Settings
4 X
OSP 0 = Use  Ceonnections MName De=cription Expor
Embedded Processars X B clk_50 Clock Source
-Interface Protocols A clk_in Clock Input clk
[+-DisplayPort : clk_in_reset Reset Input reset
[+}-Ethernet = clk Clock Qutput
[#-Interlaken il Y clk_reset Reset Output
E-PCI - = cpu Nios Il Processor
[+-Rapidld — clk Clock Input
[+-50 ) = p— reset_n Reset Input
[=+-Serial c *? — data_master Avalon Memory Mapped Master
i @ Altera 168550 Con 1 — instruction_master Avalon Memory Mapped Master
Avalon-5T JTAG — jtag_debug_module_re.. |Reset Output
@ Avalon-5T Serial jtag_debug_module Avalon Memory Mapped Slave
[ TAG UART H— custom_instruction_m... |Custom Instruction Master
SPI (3 Wire Serial —
UART (R5-232 S¢
[#-Transceiver PHY
[#--Memories and Memory Contro
[#--Merlin Components e
] Ll 3
Edit...
1 ] s
Messages |
Description Path @
— : |
-
| Q Exception slave iz not specified. Please select the exception slave |S'_.f5tem.cpu | i
2 Errors, 0 Warnings
L e

Figure 1-21 Add JTAG UART (1)
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L JTAG UART - jag_uart 0

“ JTAG UART

Magucors” attera_avalon_jtag_uart

|‘ Block Diagram

| [ Write FIFO (Data from Avalon to JTAG) |

[T Show signals Buffer depth (aytes) (g4 |
- IR threshold: |3 a |
jtag_uart_0 L
|:| Construct using registers instead of memory blocks
Ik e ir
[ Read FIFO (Data from JTAG to Avalon)
heset et Buffer depth (bvtes) (64 o |
pavalon_jtag_slave | o IR threshald: s ) 1
altera_avalon_jtag_uart D Construct using registers instead of memory blocks

|‘ Allow multiple

[] Al muttiple connections to Avalon JTAG slave

Figure 1-22 JTAG UART (2)

13. Click Finish to close the wizard and return to the window as shown in Figure 1-.
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wWww, EBraBIc. com

22

www.terasic.com




Imaslc

-
& Qsys - DEO_NANO_QSYS.gsys™ (D:\myfirst_niosii\DEO_NANO_QSYS.gsys) l"‘:' =l g
File Edit System View Tools Help

Component Library Project Settings I Instance Parameters I System Inspector I HDL Example I Generation
: System Contents | Address Map | Clock Settings
4 X
---DSP n 3 Use Connections Name Description Expar
-Embedded Processors X E clk_50 Clock Source
[=l-Interface Protocols @ clk_in Clock Input clk
‘DisplayPort : clk_in_reset Reset Input reset
Ethernet = ok Clock Output
III ‘Interlaken ] = clk_reset Reset Output
-PCI = = epu Mios Il Processor
‘Rapidio - clk Clock Input

I 501 _E p——— reset_n Reset Input

| é--Serial c ? — data_master Avalon Memory Mapped Master

i @ Altera 18550 Com I — instruction_master Avalon Memery Mapped Master

[l Avalon-5T JTAG e ftag_debug_module_re...|Reset Output

2 Avalon-ST Serial ftag_debug_module Avalon Memory Mapped Slave

H—= custom_instruction_m... |Custom Instruction Master
@ SPI (3 Wire Serial — = jtag_uwart_0 JTAG UART
" UART (RS-232 Se clk Clock Input
[#-Transceiver PHY reset Rezet Input
[#--Memaories and Memory Contro avalon_jtag_slave Avalon Memory Mapped Slave
[#-Merlin Components .
m v
] i 3

I Meszages |
‘ Description Path @

Hi - - i 1%
| e Exception slave i not specified. Pleaze select the exception slave System.cpu | HE

lll 4 Errors, 2 Warnings

Figure 1-23 JTAG UART

14. Choose jtag_uart_0 and rename it to jtag_uart as shown in Figure 1-.
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& Qsys - DEO_NANO_QSYS.qsys™ (D\myfirst_niosif\DED_NANO_QSYS.gsys)

Py

File Edit System View Tools Help

Compenent Library Project Settings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents Address Map Clock Settings
-4 X
---DSP P 4 Use  Connections Name Description Expao
mbedded Processors X El clk_50 Clock Source:
(- Interface Protocols clk_in Clock Input clk
[#-DisplayPort : clk_in_reset Reset Input reset
I i-Ethernet = ok Clock Output
I ‘Interlaken Tl Y —1 ¢ clk_reset Reset Output
PCI — B cpu Nios Il Processor
-Rapidio — clk Clock Input
U (501 ; — reset_n Reset Input
Iél--SeriaI = *? — data_master Avalon Memory Mapped Master
i @ Altera 16550 Con — instruction_master Avalon Memory Mapped Master
Avalon-5T JTAG — ftag_debug_module_re.. [Reset Output
- @ Avalon-ST Serial ftag_debug_module Avalon Memory Mapped Slave
H— custem_instruction_m... [Custem Instruction Master
SPI (3 Wire Serial — = | ||| = jtag_uart JTAG UART
o UART (R3-232 S¢ clk Clock Input
--Trﬂnsce'n.rer PHY reset Reset Input
| [#-Memaries and Memary Contro avalon_jtag_slave Avalon Memory Mapped Slave
[#--Merlin Components -
L} m 3
H |
W
bl
Meszages |
|l
|| Description Path @
- i |
I 0 Exception slave is not specified. Please select the exception slave System.cpu | :

I4Enurs,2'u'|l'amhgs

Figure 1-24 Rename JTAG UAR

15. Connect the clk and clk_reset and data_master as shown in Figure 1-5.
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L Qsys - DEO_NANO_QSVS.gsys” (DAmyfirst_niosil\DEO_NANO_QSYS.asys) ol o e
File Edit System View Tools Help
Component Library Project Settings I Instance Parameters I System Inspector I HDL Example I Generation
System Contents | Address Map | Clock Settings
= X -
---DSP o Use  Connections Name Description Expor
-Embedded Processors X Bl clk_50 Clock Source
E-Interface Protocols EA cl_in Clock Input clk
M [+ DisplayPort : clk_in_reset Reset Input reset
Ethernet = — ck Clock Output
-Interlaken 1 - — ¢ clk_reset Reset Output
-PCI - E cpu Mios Il Processor
1 | -Rapidi0 = clk Clock Input
[+-50 . reset_n Reset Input
B Serial - ? —T data_master Avalon Memory Mapped Master
@ Alera 16550 Con 1 = instruction_master Avalon Memory Mapped Master
U Avalon-5T JTAG f — jtag_debug_module_re...|Reset Output
o Avalon-ST Serial * jftag_debug_module Avalon Memory Mapped Slave
il JTAG UART i custom_instruction_m... |Custom Instruction Master
N @ SPI(3 Wire Serial — JTAG UART
8 UART (RS-232 S¢ — clk Clock Input
: -Transceiver PHY reset Rezet Input
1 [-Memories and Memory Contra > avalon_jtag_slave Avalon Memory Mapped Slave
[#-Merlin Components i
4 T 2
Ll
| ] 1 v
Meszages |
D ipti Path !‘Fi
es;cnptlnn . | a I
-
Q Exception slave iz not specified. Please select the exception slave System.cpu | o
2 Errors, 1 Warning
TEE—

Figure 1-25 Connect JTAG UART

16. 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- and Figure 1-.
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L Qsys - DEO_NANO_QSYS.gsys® (D:\myfirst_niosii\DE0_NANO_QSYS.gsys) e
File Edit System Wiew Tools Help

Component Library | ProjectSeftings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents | Address Map | Clock Settings
% X &
T Bridges Uze  Connections Name: Description Expor
Bridges and Adapters b4 [E clk_50 Clock Source
Clock and Reset o clk_in Clock Input clk
Configuration & Programming —, : clk_in_reset Reset Input reset
F' Dsp = —— clk Clock Qutput
Embedded Processors - — 1% clk_reset Reset Output
nterface Protocols - B cpu Hios Il Processor
[=-Memeries and Memory Contra = clk Clock Input
--Exlernal WMemory Interface . reset_n Reset Input
E=H-0n-Chip = ? — data_master Avalon Memory Mapped Master
e @ Avalon-ST Dual C — instruction_master Avalon Memery Mapped Master
Avalon-ST Multi-C [_ — ftag_debug_module_re.. |Reset Output
Avalon-5T Round L ftag_debug_module Avalon Memory Mapped Slave
@ Avalon-ST Single H— custom_instruction_m... |Custom Instruction Master
@ On-Chip FIFO Mer| | JTAG UART
(RN On-Chip Memory — clk Clock Input
[#-Merlin Components reset Reset Input
[H-Microcontroller Peripherals *— avalen_jtag_slave Avalon Memory Mapped Slave
[+-Peripherals E
4 m 3
1 m b
| Messages |
o
Description Path )
— = 5
-
Q Exception slave is not specified. Please select the exception slave |5ystern.cpu | o
2 Errors, 1 Warning
e — /]

Figure 1-26 Add On-Chip Memory
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A On-Chip Memory (R&4 ar ROM) - onchip_memary?_i

“ On-Chip Memory (RAM or ROM)

altera_avalon_onchip_memary2

Megacore”
4
|v Block Diagram | N
|v Memory type
Show signals " r 1
[ g Type: RAM (Writablz)
. Dual-port
anchip_memary2_0 Eekmbesses
Single clock operation
ﬁ"”_cmck Read During Write Mode: DONT CARE
1 I Block type: (AUTO - |
eset] "
attera_avalon_onchip_memary2 [~ size
Dista wicith: 22 .
Tatal memory size: 4096 brytes i

hinimize memory block usage (may impact fmas)

"~ Read latency
Slave =1 Latency: .
Slave 22 Latency: 1

|' Memory initiali
Initialize memaory content

D Enahle non-default intislization fie L
Type the filename (e.q; my_ram.hex) or select the hex file using the file browser button.

User created initialization file: onchip_mem hex

|:| Enable In-System Memory Contert Editor feature =

Figure 1-27 On-Chip Memory Box

17. Modify Total memory size to 32768 as shown in Figure 1-. Click Finish to return to the window
as in Figure 1-29.
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A& On-Chip MEmEry.[EIhM or ROM) - enchip_memory2

w

Megotors”

On-Chip Memory (RAM or ROM)

altera_avalon_onchip_memory2

|' Block Diagram

Show signals

onchip_memary2_0

L
|' Memory type
Type: RAN (Writable) -

Dual-port access

|:| Single clock operation

T13asiC)
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Figure 1-28 Update Total memory size
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k1
Eﬂ'“" Read During Write Mode: DONT CARE -
- _
@valon Block type: AUTD =
- AUTO - |
reset
altera_awvalon_onchip_memary2 | 1
 Size ]
Data width: -32 —
) ]
Total memory size: |32-|.r3d bytes
|:| Minimize memory block usage (may impact fmax) L4
[~ Read latency
Slave g1 Latency:
Slave =22 Latency:
Ll
|" Memory initialization
Initialize memory content 8
< n b
| |
| cancel || Fimisn |
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L Qsys - DEO_NANO_QSYS.gsys® (D:\myfirst_niosii\DED_NANC_QSYS.qsys) e
File Edit System View Tools Help

Component Library Project Seftings | Instance Parameters |  Systeminspector | HDL Example | Generation
System Contents | Address Map | Clock Settings
4 b3
i-Bridges n % | use  Connections Hame Description Ex
Bridges and Adapters x| B clk_50 Clock Source i
Clock and Reset @. clk_in Clock Input clk—

M Configuration & Programming — : cli_in_reset Reset Input re:

i DsP = — clk Clock Output

[ Embedded Processors e — 1 clk_reset Reset Output

| Interface Protocols = B cpu Mios Il Processor

!} | &-Memories and Memory Contra = clk Clock Input

| External Memory Interface _ reset_n Reset Input

[=-0On-Chip = ? S E— data_master Avalon Memory Mapped Master
i ® Avalon-ST Dual C " instruction_master Avalon Memory Mapped Master
| Avalon-ST Muli-C f — ftag_debug_module_re...|Reset Output =
i Avalon-5T Round +* ftag_debug_module Avalon Memory Mapped Slave
Avalon-ST Single H—t custom_instruction_m... [Custom Instruction Master
@ On-Chip FIFO Mer| | B ftag_uart epy jtag_debug_module
=8 On-Chip Memory clk Avalon Memory Mapped Slave [avalon_slave 13.0]
y P
[-Merlin Components reset ) FEEEILLLS
[-Microcontroller Peripherals L avalen_jtag_slave Avalon Memory Mapped Slave
- Peripherals - = onchip_memory2_0 On-Chip Memoery (RAM or ROM)
4 T 3 clk1 Clock Input
=1 Avalon Memory Mapped Slave
m Edit resetl Reset Input 7
4 i | 1

| |

'l Messages |

| Des;cnptlnn . | Path |

-

I 0 Exception slave is not specified. Please select the exception slave |5ystern.|:|:|u | o

4 Errors, 2 Warnings

e ee———— = — d

Figure 1-29Add On-Chip memory Completely

18. Rename onchip_memory2_0 to onchip_memory2 as shown in Figure 1-30.
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& Qsys - DED_NANO_QSYS.qsys® (D:\myfirst_niosii\DED_NANO_QSYS.qsys) e B

File Edit System View Tools Help

Component Library Project Settings | Instance Parameters |  Systeminspector | HOLExample | Generation
System Contents | Address Map | Clock Settings
-4 X
T - 4k Use  Connections Name Description Ex
-Bridges -
-Bridges and Adapters X| = B clk_50 Clock Source "
Clock and Re=zet @ clk_in Clock Input clk—,
-Configuration & Programming — | | | ELEEE Reset Input res
1 DsP F — clk Clock Output
: -Embedded Processors & —— ELIEE RESER
I| | @-interface Protocols — B cpu Mios Il Processor
[=-Memories and Memory Contrg = clk Clock Input
[#-External Memory Interface ) reset_n Reset Input
=H-On-Chip E ? — % -!:Iata_rn.a,ster Awalon Memory Mapped Master
| @ Avalon-ST Dual C = instruction_master Avvalon Memory Mapped Master
i Avalon-ST Mutti-C f — jtag_debug_module_re.. |Reset Output =
5 Avalon-5T Round bl ftag_debug_module Avalon Memory Mapped Slave
Avalon-ST Single " custom_instruction_m... (Custom Instruction Master
& On-Chip FIFO Mer Ol jtag_uart ITAG UART
_ clk Clock Input
[H-Merlin Components Tz Reset Input
[-Microcontroller Peripherals L avalon_jtag_slave Awalon Memory Mapped Slave
- Perpherais SNl i [ = onchipmemoy2  OnChipNemoy RANOrROW |
| F clk1 Clock Input
=1 Avalon Memory Mapped Slave
i Edit_ reseti Reset Input -
l m | b
||
| Messages |
N
I Description Path @
— = | |
e Exception slave iz not specified. Please select the exception slave |S'_.r5tern.cpu | :
II 4 Errors, 2 Warnings
TR

Figure 1-30 Rename On-Chip memory

19. Connect the clk and clk_reset and data_master as shown in Figure 1-.
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A& Qsys - DEO_NANO_QSYS.gsys™ (Di\myfirst_niosii\DEO_NANO_QSYS.gsys) l = g
File Edit System View Tools Help
Component Library | ProjectSetfings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contentzs | Address Map | Clock Settings
-4 X
- r Use  Connections Name Description Export
‘Bridges -
Bridges and Adapters A B clk_50 Clock Source
Clock and Reset 7 chk_in Clock Input clk
‘Configuration & Programmini ' clk_in_reset Reset Input reset
I | ose = — clk Clock Output
Embedded Processors e — clk_reset Reset Output
Interface Protocols - E cpu Hios Il Processor
emories and Memory Contl — clk Clock Input
External Memory Interfas ) reset_n Reset Input
[=-Cn-Chip = ? — data_master Avyalon Memory Mapped Master
‘@ Ayalon-5T Dual S E— instruction_master Avalon Memory Mapped Master
1] ' Avalon-ST Multi — ftag_debug_module_re...|Reset Cutput
o Avalon-5T Rour jtag_debug_module Avalon Memory Mapped Slave
@ MAvalon-ST Singl H— custom_instruction_m... |Custom Instruction Master
i @ On-Chip FIFQ I El jtag_uart JTAG UART
] [N Cn-Chip Memol clk Clock Input
I [#-Merlin Components reset Reset Input
[#-Microcentroller Peripherals avalen_jtag_slave Avalon Memory Mapped Slave
] []-Peripherals - = onchip_memory2 On-Chip Memory (RAM or ROM)
] m 3 * clk1 Clock Input
i—l——) =51 Avalon Memory Mapped Slave
resetl Re=et Input
4 [T | 3
Mezsages |
e
Description Path ‘:‘E!
e Exception slave iz not specified. Please select the exception slave System.cpu ‘;
e onchip_memory2.s1 (0x0..0x7ff) overlaps jtag_uart.avalon_jtag_slave (0x0.0x7) | System.cpu.data_master i
7 Errors, 1 Warning
| — —

Figure 1-31 Connect On-Chip memory

20. Click cpu in the component list on the right part to edit the component. Update Reset vector
and Exception Vector as shown in Figure 1-32. Then click Finish to return to the window as
shown Figure 1-33.
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L Mios Il Processor - cpu ‘q “ T —

Nios Il Processor

MagaCare’ attera_nios2_gsys
3 SOOI
N Branch Prediction Branch Prediction =1y
Hardware Multiply Hardware Multiphy
Hardware Divide Hardw are Divide
Barrel Shifter
Data Cache
Dynamic Branch Pre
Memory Usage (e.g Stratx V) | Two M3Ks (or equiv.) Two M3Ks + cache Three M3Ks + cache —

|" Hardware Arithmetic Operation

Hardware multiplication type:

Hardware divide

Embedded Multipliers -

m

|~ Reset Vector

Reset vector memory:
Reset vector offset.

Reset vector:

[Dnchip_memnr}rz.m

2]

O=00000000
O=00000000

|"' Exception Vector

Exception vector memory:

Exception vector offset:

[Dnchip_memnr}rz.m

2]

0=00000020

T13asiC)
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| cancel || Finisn |

Figure 1-32 Update CPU settings
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& Qsys - DEO_NANO_QSYS.qsys® (D:\myfirst_niosi\DEQ_NANO_QSYS.gsys) @Eﬂ
Fie Edit System Wiew Tools Help

Component Library Project Settings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents | Address Map | Clock Settings
4 X &
Bridges 0 Use  Connections Name Description Export
Bridges and Adapters p 4 E clk_50 Clock Source
Clock and Resst 2 clk_in Clock Input clk
Configuration & Programmini : clk_in_reset Reset Input reset
DSP = clk Clock Output
Embedded Processors B clk_reset Reszet Output
nterface Protocols P u Nios Il Processor
El---l'u'l_emuries- and Memary Conti = clk Clock Input
--External Memery Interfa . reset_n Reset Input
[=}-On-Chip E ? — data_master Avalon Memery Mapped Master
III i ® Avalon-ST Dual S — instruction_master Avalon Memery Mapped Master
@ Avalon-5T Multi — jtag_debug_module_re... Reset Output
Avalon-5T Rour, jtag_debug_module Awvalon Memory Mapped Slave
Avalon-5T Singl w—l custom_instruction_m... |Custom Instruction Master
il © On-Chip FIFO Ky B jtag_uart JTAG UART
I M On-Chip Memo clk Clock Input
[#-Merlin Components reset Reset Input
| | @-Microcontroller Peripherals avalon_jtag_slave Avalon Memory Mapped Slave
I“ [&-Peripheralz - B onchip_memory2 On-Chip Memory (RAM ar ROM)
4 T 3 clki Clock Input
51 Avalon Memery Mapped Slave
. etl Reset Input
[ Age. | , | ,
i
fl Meszages |
Description Path
e cpu.jtag_debug_module (0x300..0xfff) overlaps onchip_memory2.s1 (0x0..0x7ff)| System.cpu.data_master |;|
i Q jtag_uart.avalon_jtag_slave (0x0..0x7) overlaps onchip_memory2.s1 (0x0..0x7ff) | System.cpu.instruction_master i
5 Errors, 1 Warning

Figure 1-33 Update CPU settings Completely

21. Choose Library > Peripherals > Debug and Performance >System ID Peripheral to open

wizard of adding System ID. See Figure 1- and Figure 1-.
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| L Qsys - DEO_NANO_QSYS.qgsys™ (D\myfirst_niosii\DE0_NANO_QSYS.gsys)

ey =

File Edit System Wiew Tools Help

Compenent Library Proict Seffings | Instance Parameters | Systeminspector |  HDLExample | Generation
System Contents | Address Map | Clock Seftings
4 *
T n T Use Connections Name De=scription Export
X B clk_50 Clock Source
nterface Protocols @' clk_in Clock Input clk
Memories and Memory Conti ' clk_in_reset Reset Input reset
Merlin Components = clk Clock Qutput
Microcontroller Peripherals - clk_reset Reset Output
I | =-periheras -
ér--l:lgabug and Performance = clk Clock Input
@ Altera Avalon D } reset_n Reset Input
o Altera Avalon D ? — data_master Avalon Memory Mapped Master
Avalon-ST Test | — instruction_master Avalen Memery Mapped Master
Avalon-5T Test| — ftag_debug_module_re...|Reset Output
Conduit splitter jtag_debug_module Avalon Memery Mapped Slave
Freguency Cour — custom_instruction_m... |Custom Instruction Master
@ Performance Co = jtag_uart JTAG UART
3 5ystem D Perip|fi] clk Clock Input
[+-Display rezet Reset Input
[G-Microcontroller Peripher: avalon_jtag_slave Avalon Memory Mapped Slave
[#-PLL - B enchip_memory2 On-Chip Memory (RAM or ROM)
4 T 3 clki Clock Input
51 Avalon Memery Mapped Slave
Edit reset] Reset Input
] T | »
Messages |
De.ﬂ:crlp’ﬂun — - i . - _ i . Path E’
Q cpu.jtag_debug_module (0x800. 0xfff) overlaps onchip_memory2.s1 (0x0..0x7fff)| System.cpu data_master l;' I
Q jtag_uart.avalon_jtag_slave (0x0..0x7) overlaps onchip_memory2.s1 (0x0..0x7ff) |System cpu instruction_master i

5 Errers, 1 Warning
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Figure 1-34 Add System ID [0]
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Ay System ID Peripheral - sysid_gsys_0

“ System ID Peripheral

Megatore’ altera_avalon_sysid_gsys

4
\| [~ Parameters

[~ Block Diagram

[] Show sigrials 32 bit System D 000000000
) [~ Description |
sysid_qgsys 0
Pleaze use hexadecimal numbers anly in System 1D,
L lock
eset et
ortrol_slave
alon
altera_awvalon_sysid_gsys

@ Info: swsid_qswys_0: System D iz not assigned automatically. Edit the System ID parameter to provide a unigue D
@ Info: sysid_qsys_0: Time stamp will be automatically updated when this component is generated.

Figure 1-35 Add System ID [1]

22. Click Finish to close System ID Peripheral box and return to the window, rename sysid_qsys_0
to sysid and connect the clk and clk_reset and data_master as shown in Figure 1-.
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L Qsys - DEO_NANO_QSYS.gsys® (D:\myfirst_niosii\DEJ_NANO_QSYS.gsys) l ==l g
File Edit System Wiew Tocls Help

Component Library | Project Settings I Instance Parameters | System Inspector I HDL Example I Generation
System Contents | Address Map | Clock Settings
-4 X
-DSP o 4 Use  Connections Name Description Export
Embedded Processors b 4 r— clk_reset Reset Output -
nterface Protocols ] Bl cpu Nios Il Processor
Memories and Memory Conti ' clk Clock Input
Merlin Components = reset_n Reset Input
Microcontreller Peripherals a — data_master Avalon Memory Mapped Master F
I_—:‘_l---Peripherals - — instruction_master Avalen Memery Mapped Master
é--D_ehug and Performance — ] jtag_debug_module_re...|Reset Output
@ Altera Avalon Dr _ ftag_debug_module Avalon Memory Mapped Slave
@ Altera Avalon D Q? H— custom_instruction_m... |Custom Instruction Master
o Avalon-5T Test| B jtag_uart JTAG UART
» Avalon-ST Test| clk Clock Input
o Conduit splitter reset Reset Input L
» Fregquency Cour avalon_jtag_slave Avalon Memory Mapped Slave 3
» Performance Co B onchip_memory2 On-Chip Memory (RAM or ROM)
g System D Perip(fi clkt Clock Input
[+}-Display 31 Avalon Memery Mapped Slave
Ul [-Microcontroller Peripher: resetl Reset Input
[#-PLL - B sysid System ID Peripheral
L] 1] 3 clk Clock Input
= S S— L ST
Edit._ control_slave Avalon Memory Mapped Slave -
< 1 | 3
Messages |
H
Description Path Ei
9 sysid.control_slave (0x0.0x7) overlaps onchip_memory2.81 (0x0. 0x7fff) System.cpu.data_master l;‘
H Q onchip_memory2.s1 (0x0. 0x7fff) overlaps sysid.control_slave (0x0..0x7) System.cpu.data_master il
r 7 Errors, 1 Warning

Figure 1-36 Add System ID [2]

23. Choose Library > Peripherals > Microcontroller Peripherals >P1O (Parallel 1/0O) to open
wizard of adding PIO. See Figure 1- and Figure 1-.
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X Qsys - DEQ_NANO_QSYS.gsys* (D:Amyfirst_niosi\DEO_NANO_QSYS.gsys) Lo =0 |
File Edit System Wiew Tools Help

Compenent Library | ProictSettings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents | Address Wap | Clock Settings
4 * +
i & Config-Bypass App Exa » Use Connections Name De=scription Export
[-Bridges A —————~|  cli_reset Reset Output -
[+-Bridges and Adapters @ B cpu Nios Il Processor
[#-Cleck and Reset Tl : cle Clock Input
i [#]-Configuration & Programmin = reset_n Reset Input
[+-DSP =Y — data_master Avvalon Memory Mapped Master 7
| [#]-Embedded Processors - —— instruction_master Avalon Memory Mapped Master
[#-Interface Protocols — fag_debug_module_re...|Reset Output
I [#-Memories and Memary Conti ) x fag_debug_module Avalon Memory Mapped Slave
I [#-Merlin Compenents = ? w— custom_instruction_m... |Custom Instruction Master
[#-Microcontroller Peripherals B jtag_uart JTAG UART
I I:—:I---Pg:riph erals cle Clock Input
[+-Debug and Performance reset Reszet Input -
H --Display avalon_jtag_slave Axalon Memory Mapped Slave 3
Il é}--l‘u‘l_icmcnntrnller Peripher; E onchip_memory2 On-Chip Memory (RAM or RON)
@ Interval Timer | | clk1 Clock Input
ll @ =1 Avalon Memory Mapped Slave
o Vectored InterrL reset Reset Input
l < System ID Peripheral
4 T 3 — clk Clock Input
reset Reszet Input
Edit >— control_slave Axvalon Memory Mapped Slave &
i T | 3
Messages |
Description Path Ei
€3 sysid.control_slave (0x0.0x7) overlaps onchip_memory2.s1 (0x0. 0xTf) System.cpu.data_master ‘;'
Q onchip_memory2.s1 (0x0..0x7ff) overlaps sysid.control_slave (0x0..0x7) System.cpu.data_master Al
7 Errers, 1 Warning

= e = —

Figure 1-37 Add PIO
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altera_g

r - -
A PIO (Parallel [/O) - pio_led I — -
PIO (Parallel 1/O)
Megetere’  dltera_avalon_pio
4
|~ Block Diagram A =
) |' Basic Settings
Il show signals Width (1-32 bits): [5
L
Direction: PN
pio_led © Bidir
) Input
Il ,
I e () InDut
eset N =
1 @ Output
sternal_connection | Output Port Reset Value: | 1x0000000000000000

m

[~ output Register

D Enable individual bit setting/clearing

™ Edge capture register

[ ] synchronously capture

Edge Type: !FRFS.ING =

II Enable bit-clearing for edge capture register

|' Interrupt

[ | Generate RQ

| cancel || Fiisn |

Figure 1-38 Add PIO

24. Click Finish to close PIO box and return to the window as shown in Figure 1-.
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AL Qsys - DEO_NANO_QSYS.gsys™ (DAmyfirst_niosi\DEO_NANO_QSYS.gsys)

PN

FEile Edit System Wiew Tools Help
Component Library | Froject Settings I Instance Parameters I System Inspector I HOL Example | Generation
System Contents | Address Map | Clock Seftings
<4 X
- & Config-Bypass App Exa » =+ Use  Connections Name Deszcription Export
Bridges X t instruction_master Avalon Memory Mapped Master -
Bridges and Adapters @- ftag_debug_module_re...|Reset Output
Clock and Reset il : ftag_debug_module Avalon Memory Mapped Slave
Configuratien & Programming = w—t custem_instruction_m... [Custom Instruction Master
DsP Y = jtag_uart JTAG UART
Embedded Processors v clk Clock Input
nterface Protocols reset Reset Input L
Memories and Memory Contil _! avalon_jtag_slave Avalon Memory Mapped Slave
Merlin Components E ? B onchip_memory2 On-Chip Memory (RAK or ROM)
Microcontroller Peripherals clk1 Clock Input
[=-Peripherals s1 Avalon Memery Mapped Slave
--Dehug and Performance resetl Rezet Input
--Displﬂy EH sysid System ID Peripheral
EI--Hichcuntruller Peripher: clk Clock Input =
@ Interval Timer | & reset Reset Input
] L control_slave Avalon Memory Mapped Slave
- Vectored tern B | [ [ epo0  PO@waleo) ]
- clk Clock Input
“ ] [Tl r reset Reset Input
=51 Avalon Memory Mapped Slave L&
— — external_connection Conduit -
S 4 T | ¢
|| Messages |
Description Path @
i — —— - . . e —— .
a sysid.control_slave (0x0..0x7) overlaps onchip_memory2.s1 (0x0.0x7fff) System.cpu.data_master 1;: I
1 Q onchip_memory2.s1 (0x0..0x7ff) overlaps sysid.control_slave (0x0..0x7) System.cpu.data_master i
| 9 Errors, 3 Warnings

Figure 1-39 PIO

25. Rename pio_0 to pio_led as shown in Figure 1-40.
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L Qsys - DEO_NANO_QSYS.gsys® (D\myfirst_niosi\DE0_NAND_QSYS.qsys) [E=EEEE™
 —
File Edit System Wiew Tools Help
Compenent Library | Project settings | Instance Parameters | System Inspector I HOL Example I Generation
System Contents | Address Map | Clock Settings
4 X
@ Config-Bypass App Exa » 4 Use Connections Name Description Export
[+-Bridges b 4 t instruction_master Avalon Memory Mapped Master -
[+-Bridges and Adapters @ ftag_debug_module_re...|Reset Output
[#-Cleck and Reset | : ftag_debug_module Avalon Memory Mapped Slave
[#-Configuration & Programmin FS w— custom_instruction_m... |Custom Instruction Master
[#-DSP Y B jtag_uart JTAG UART
[+-Embedded Processors = clk Clock Input
[+]-Interface Protocols reset Reszet Input pe
[+-Memories and Memery Conti _ — avalon_jtag_slave Avalon Memery Mapped Slave
[+]-Merlin Components = ? E onchip_memory2 On-Chip Memory (RAM or RON)
[+-Microcontroller Peripherals clkt Clock Input
[=I-Peripherals 51 Avalon Memory Mapped Slave
i Debug and Performance reset Reset Input
isplay B sysid System ID Peripheral
E-Microcontroller Peripheri clk Clock Input E
i@ Interval Timer | 4 reset Reszet Input
=] L control_slave Axvalon Memory Mapped Slave
o Vectored itern @ | [ apold  POGaakio)
L] - ok Clock Input
L] 1] 3 reset Reset Input
=1 Avalon Memory Mapped Slave |
- — external_connection Conduit o
S ¢ I | 3
|
Mes=ages |
=
Description Path Ei
|| 9 sysid.control_slave (0x0.0x7) overlaps onchip_memory2.s1 (0x0. 0x7fff) System.cpu.data_master é
Q onchip_memory2.s1 (0x0. 0x7fff) overlaps sysid.control_slave (0x0..0x7) System.cpu.data_master i
% Errors, 3 Warnings

Figure 1-40 Rename PIO

26. Connect the clk and clk_reset and data master as shown in Figure 1-.

40

ter [l www.terasic.com

wWww, EBraBIc. com




Imaslc

- —
L Qsys - DEO_NANO_QSYS.qgsys* (DAmyfirst_niosif\DEO_NANO_QSYS.qgsys) o o=
File Edit System Wiew Tools Help

Component Library | Project Settings. I Instance Parameters I System Inspector | HDL Example I Generation
System Contents | Address Map | Clock Settings
-4 X
& Config-Bypass App Exa - = Use  Connections Name Description Export
[+l-Bridges b 4 —C: instruction_master Avalon Memery Mapped Master -
[+]-Bridges and Adapters @ jtag_debug_module_re...|Reset Output
[#-Clock and Reset | . jtag_debug_module Avalon Memery Mapped Slave
[#-Configuration & Programmin: = H— custom_instruction_m... |[Custom Instruction Master
[#-DSP Y [E jtag_uart JTAG UART
[#-Embedded Processors - clk Clock Input
[+]-Interface Protecols reset Reszet Input ) |
[+ Memories and Memory Conti _! avalon_jtag_slave Awvalon Memory Mapped Slave
[#I-Merlin Components = ? [ onchip_memaory2 On-Chip Memory (RAK or ROM)
[#-Micrecentroller Peripherals clk1 Clock Input
“ [=I-Peripherals =1 Avalon Memery Mapped Slave
--Dehug and Performance rezet Reset Input
--Display B sysid System ID Peripheral
EI--Micrncnntrnller Peripher: clk Clock Input B
b @ Interval Timer L reset Reset Input
el control_slave Avalen Memory Mapped Slave
2 \ectored Intern PIC {Parallel KO}
F-PLL - — clk Clock Input
] T 3 reset Res=et Input
*r— =1 Avalon Memory Mapped Slave L&
1 m Edit — external_cennection Conduit 57
II - ‘ m | r
I
II Messages |
|| Description Path
I 3 sysid.control_slave (0x0..0x7) everlaps onchip_memory2.s1 (0x0..0xT ) System.cpu.data_master ,;,
| a pio_led.s1 (0x0..0xf) overlaps sysid.control_slave (0x0..0x7) System.cpu.data_master i
kl S Errors, 2 Warnings
= ——

Figure 1-41 Connect PIO

27. Export external _connection and Rename it to pio_led external connection as shown in Figure

1-.
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L Qsys - DEO_NANO_QSY5.gsys* (D\myfirst_niosii\DEO_NANGC_QSVS.gsys)

)

File Edit System Wiew Tools Help
Component Library Project Settings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents Address Map Clock Settings
4 Description Export Clock Bast
X uction_master Avalon Memery Mapped Master [clk] -
E debug_module_re...[Reset Output [chk]
. debug_module Avalon Memery Mapped Slave [clk] C
Configuration & Programmin: = pm_ingtruction_m... |Custom Instruction Master
D3P & jart JTAG UART
Embedded Processors - Clock Input clk_50
nterface Protocols = t Reszet Input [clk] L
Memories and Memory Conti ) pn_jtag_slave Avalon Memory Mapped Slave [clk] C
Merlin Components E ? p_memaory2 On-Chip Memory (RAM or ROM)
Micrecontroller Peripherals Clock Input clk_50
EI Pgripherals Avalon Memery Mapped Slave [clk1] C
:  [-Debug and Performance [t Reset Input [chk1]
--Display System ID Peripheral
EI--H_ichcuntruller Peripher: Clock Input clk_50 =
@ Interval Timer | | it Reset Input [clk]
I P10 (Parallel 0 rol_slave Avalon Memory Mapped Slave [cIk] C
2 Wectored Interr e PIO (Parallel ¥O)
- Clock Input clk_50
l Tl + it Reset Input [cik]
Avalon Memory Mapped Slave [clk] o
Edit_ rnal_connection pio_led_external_connec... -
I Mezsages |
Description Path @
23 sysid.control_slave (0x0..0x7) overlaps onchip_memory2.s1 (0x0..0xT ) System.cpu.data_master ,;, |
e pio_led.s1 (0x0..0xf) overlaps sysid.control_slave (0x0. 0x7) System.cpu.data_master i
S Errors, 1 Warning

Figure 1-42 Export external_connection

28. Choose System > Assign Base Addresses as shown in Figure 1-43. After that, you will find that
there is no error in the message window as shown in Figure 1-44.

T13asiC)
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& Qsys - DEO_NANO_QSVS.gsys™ (D:\myfirst_niosil\DE0_NANO_QSYS.qsys)

el

File Edit [5ystem]View Tools Help

Compon Upgrade IP Cores... | instanceparameters |  Systeminspector | HDLExample | Generation
Contents Address Map Clock Settings.
5 Assign Base Addresses
e Assign Interrupt Numbers ions Name Description Export
[2-Brit Assign Custom Instruction Opcodes B clk_50 Clock Source 2
[+-Brit clk_in Clock Input clk
[H-Clo| T EI clk_in_reset Reset Input reset
[+-Co § ) —T— clk Clock Qutput
[-DS Show System With Qsys Fabric Components clk_reset Reset Output
FEm  Run SOPC Buiderto Gsys Upgrade S NoslPocessr
[#-Inte I — clk Clock Input
[H-Me Remove Dangling Connections reset_n Reset Input =
[+-Merin Components E ? —— data_master Avalon Memory Mapped Master
[#l-Microcontroller Peripherals — instruction_master Avalon Memory Mapped Master
[=l-Peripherals — jfag_debug_module_re...|Reset Output
--Debug and Performance jtag_debug_module Avalon Memery Mapped Slave
--Displa)r H— custom_instruction_m... |Custom Instruction Master
E}--I‘u‘licrncuntruller Peripher: = jtag_uart JTAG UART
@ Interval Timer clk Clock Input
a reset Reset Input
» Vectored InterrL avalon_jtag_slave Avalon Memory Mapped Slave
[H-PLL - E onchip_memory2 On-Chip Memory (RAM or ROM})
4 1 3 clk1 Clock Input
=1 Avalon Memory Mapped Slave
Edit_ resetl Reset Input -
] m
IMesszages |
De=scription Path
I 9 sysid.control_slave (0x0..0x7} overlaps onchip_memory2.s1 (0x0. 0x7{ff) System.cpu.data_master é'
| Q pio_led.s1 (0x0..0xf) overlaps sysid.control_slave (0x0..0x7) System.cpu.data_master i
9 Errors, 1 Warning

wWww, EBraBIc. com
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L Qsys - DEO_NANO_QSYS.qgsys® (D:\myfirst_niosii\DEO_NANO_QSYS.qsys)

:.IEIQ

]
Fi

le Edit System Wiew Tools Help

Compenent Library Project Settings I Instance Parameters I System Inspector I HDL Example Generation
System Contents Address Map Clock Settings
<4 X
|| 5 Config-Bypass App Exd » = Use Connections Name Description Export
Bridges b 4 E clk_50 Clock Source o
Bridges and Adapters = clk_in Clock Input clk B
Clock and Reset il : clk_in_reset Reszet Input reset
Configuration & Programmini = clk Clock Output
DsP F clk_reset Reset Output
Embedded Processors -
Interface Protocols clk Clock Input
Memories and Memory Conti _E reset_n Reszet Input =
‘Merlin Components = ? — data_master Avalon Memory Mapped Master
+-Microcontroller Peripherals —— instruction_master Avalon Memory Mapped Master
=P eripherals — jtag_debug_module_re...|Reset Output
Debug and Performance ftag_debug_module Avalon Memory Mapped Slave
Display — custom_instruction_m... |Custom Instruction Master
Eh-Micrecontroller Peripher: B jtag_uart ITAG UART
i @ Interval Timer L4 clk Clock Input T
@ reset Reset Input
- @ Wectored InterrL avaloen_jtag_slave Avalon Memory Mapped Slave
---PLL - B onchip_memory2 On-Chip Memory (RAM or ROM)
¢. m (3 clk1 Clock Input
=1 Avalon Memory Mapped Slave
= resetl Res=et Input -
| Mezsages |
| . =
D&EI’ID’[IDI‘I . o Path i
=@ 2 Info Messages i
=
| @ System ID is not assigned autematicalty. Edit the System ID parameter to provide a unigue | System.sysid N

0 Errors, 1 Warning

L

Figure 1-44 No Errors

29. Assign Interrupt Numbers as shown in Figure 1-45. After that, you will find that there is no
warings in the message window as shown in Figure 1-46.( In the IRQ column, connect the Nios II
processor to the JTAG UART)

wWww, EBraBIc. com
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X Qsys - DEO_NANO_QSYS.qsys* (D:\myfirst_niosi\DEO_NANO_QSYS.qsys) [E=REE

File Edit System View Tools Help
Compenent Library | ProictSettings | Instance Parameters |  Systeminspector | HDLExample | Generation
System Contents | Address Map | Clock Settings
4 X
T ——— 4 | Clock Base End RQ  Opcode Name
[+-Bridgez b 4 -
[+-Bridges and Adapters B |
[#]-Clock and Reset I :
[+]-Configuration & Programmin: = clk_s0
[+-DSP -
| | - Emoecaea processors e A A B
Ml | @-Interface Protocols clk_b0
[#-Memories and Memory Conti .z [clk]) =
I [#-Merlin Components E ? [clk]) IR O IFR 31
[#-Micrecontreller Peripherals [clk]
[=]-Peripheralz [clk]
--Dehug and Performance [clk] 0x0001_ 0800 0 0001_Offf
--Display
é}--l‘u‘licmcnntrnller Peripher;
o Interval Tmer | | clk_50 b
=M PIC} (Parallel 'O} [clk]
[clk] 0x0001_1018 0x0001_101£
w
4 T 3 clk_50
[clk1] 0x0000_8B000 0z 0000_fEff
[ New . H Eat... | ’ 2 Add. ] [elk1] %
4 n 3
Description Path
1=/2 1 Warning
/% Interrupt sender jtag_uart.irg is not connected to an interrupt receiver System.jag_uart
— -
0 Errors, 1 Warning
e = — ——

Figure 1-45 Assign IRQ
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AL Qsys - DEO_NANO_QSYS.gsys™ (D\myfirst_niosi\DE0_NANO_QSYS.gsys) =B
Edit System Wiew Tools Help
Component Library | Project Settings. I Instance Parameters I System Inspector | HDL Example I Generation
System Contents | Address Map | Clock Settings
-4 X +
. © Config-Bypass App Exa ~ Clock Base End IRQ  Opcode Name
[+-Bridges X -
[+-Bridges and Adapters B2 7
[#I-Clock and Reset il .
[#--Configuration & Programmini = clk_S0
[#-DSP a
i Embedded Processors |
1 [+]-Interface Protecols clk_50
[+ Memories and Memory Conti .3 [clk] =
I [#-Merlin Components E ? [cik] IR 0 IFg 31
[#-Micrecentroller Peripherals [clk])
- Peripherals [clk]
--Dehug and Performance [clk] 0x0001_0800 O 0001_Offf
[+-Display
EI--I'.'I_icrncnntrnIIer Peripher:
- @ Interval Timer | | clk_50 | |
M PIC (Parallel D) [clk]
@ Vectored Interr [clk] 0x0001_1018 O (G001_101f
[#-PLL -
4 T [ clk_50
[clk1] 0x0000_B000 Oz 0000 _EfEE
: Tk1] 57
Meszages |
Description Path
| |
=@ 2 Info Messages -
@ System ID is not assigned automatically. Edit the System ID parameter to provide a unigue | System.sysid =
— -
” 0 Errors, 0 VWarnings:
—

Figure 1-46 No Warings
30. Click Generate tab and click Generate then pop a window as shown in Figure 1-. Click Save

and the generation start. Figure 1- shows the generate process. If there is no error in the
generation, the window will show successful as shown in Figure 1-.
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L Qsys - DEO_NANO_QSYS.gsys™ (D\myfirst_niosinDEQ_MANDO_QSYS.gsys) | = | = E
File Edit System Wiew Tools Help
Component Library System Contents I Address Map Clock Seftings
Project Settings Instance Parameters System Inspector HDL Example Generation
<4 X
i~ @ Config-Bypass App Exa . |' Simulation =
-Bridges ; . : } . . }
Bridges and Adapters The simulation medel contains generated HOL files for the simulator, and may include simulation-only features.
-Clock and Reset Tl Create simulation model:

-Configuration & Programmini

-DSP

-Embedded Processors

-Interface Protocols

-Memories and Memory Conti

-Merlin Components

t|-Microcontroller Peripherals

- ~Peripherals

--Dehug and Performance

[+-Display

él--Micrucuntruller Peripher:

iw @ Interval Timer
PIC (Parallel 1'O)

[-PLL "

< LI 3

[ Newr.. ]| Edi.. | [ 4 Add.. ]

~ Testbench System

Create testbench Osys systd Save changes?

The testbench system is a new (Osys system that instantiates the criginal system, adding bus functional models to
Once generated, the bus functional models can interact with the syste

m

Create testbench simulation

|' Synthesis
Synthesis files are used to ci

@ Save changes to DEO_NANO_QSYS.qsys?

Create HDL design files for s

Fil I

Meszages |

Description

=@ 2 Info Messages

Path

@ System ID iz not assigned automatically. Edit the System ID parameter to provide a unigue | 3ystem.sysid

PN
0 Errors, 0 Warnings

T13asiC)
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i B
X Generate ——— - ﬁ

@' Info: DED_MAMNO _QSYS.sysid: System ID is not assigned automatically. Edit the System ID para *
@' Info: DEO_NANO_QSY S.sysid: Time stamp will be automatically updated when this component i
@ Info: DEO_MANO_Q5Y 5: Generating DEO_NANO_Q5Y 5 "DE0_NANO_QS5Y 5" for QUARTUS_SYI
@' Info: pipeline_bridge_swap_transform: After transform: & modules, 23 connections

@ Info: Mo custom instruction connections, skipping transform

@' Infe: merlin_translator_transform: After transform; 13 medules, 51 connections
] @ Info: merlin_domain_transform: After transform: 26 modules, 137 connections

@' Info: merlin_router_transform: After transform: 33 modules, 165 connections =L |
n @' Info: merlin_traffic_limiter_transform: After transform: 35 modules, 175 connections |E|

|i @' Info: reset_adaptation_transform: After tranzform: 36 modules, 138 connections
1 | 1] [ 3

Generate | ] [

L'—' T

Figure 1-48 Generate Qsys

il hl
AL Generate Completed — - ﬁ

= = — = Lo —

@ Info: rsp_xbar_demux: "DE0_MANO_Q5Y 5" instantiated altera_merlin_demultiplexer “rsj 1
@' Info: rep_xbar_demux_002; "DE0_NANO_QS5Y 5" instantiated altera_merlin_demultiplexer
@ Info: rep_xbar_mux: "DE0_HNANO_QS5Y 5" instantiated altera_merlin_multiplexer “rsp_xba
@' Info: Reusing file Dymyfirst_niogilDED_NANO_QSY Sisynthesis/submodules/altera_mer
@ Info: rsp_xbar_mux_001: "DEO0_NANO_QS5Y 5" instantiated altera_merlin_multiplexer "rsp
@' Info: Reusing file Dumyfirst_niosiiDE0_NANO_QSY Sisynthesis/submodules/altera_mer

L @ Info: irg_mapper: "DE0_NANO_QS5Y 5" instantiated altera_irq_mapper “irg_mapper” |
@ Info: DEO_MANO_QSYS: Done DEO_MANO_QSYS" with 25 modules, 73 files, 1883324 bytes |
! @ Info: ip-generate succeeded.

Ii @' Info: Finished: Create HDL design files for synthesis

LT 3

1

1, Generate Completed. 0 Errors, 47 Warnings

Stop Close

L = - ]

Figure 1-49 Generate Qsys Completely

31. Click Close to close the dialog box and exit the Qsys and return to the window as shown in

Figure 1-.
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r@ Quartus [T 32-bit - D:/myfirst_niosii/myfirst_niosii - m lElég

File Edit Wew Project Assignments Processing Tools Window Help = zgarch altera.com O

NEH@ 4 2@ 9 o (st B S AL AR LA

|Project Navigator 1a x|
Entity
A% Cyclone IV E: EP4CE22F 17CE
= myfirst_niosii %
AITERA
€| 1 | 3
Ay Hierarchy | E|Fles | o Desonunits | TP 4| >| ®
raks nﬂxl. UAR I US I]
Flow: |Full Design * | | Customize... .
| ] ] Version 13
Task o
b (7 Start Project 3 @ “ﬁﬂ:ﬁﬂ: n
b [ Create Design i3 Q o ———
< o | 3

e Naotification Center

Status Tasks

g @ T <«Searchzx> o
n

Type ID Mes=sage

1 b

\_System /% Processing /

|Messages

00:00:00

Figure 1-50 Exit Qsys

32. Choose File > New to open new files wizard. See Figure 1- and Figure 1-.
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File | Edit View Project

Assignments  Processing  Tools  Window Help

Mew Project Wizard. ..

Convert Programming Files. ..

D E

Ctrl+M
Ctrl+0

Ctrl+F4

Ctrl+1

Cirl+5

Ctrl45hift45

Cirl+P

Alt+F4

Search altera.com

L
Et_niosii

VIO O rg Q0 W @ »

B x

AITIERA

r

EDOUARTUS L

ustomize. .. l

Version 13

-~

(4

=

0 View Quartus Il
Information

@ Documentation

O Natification Center

Messages

Y _System A Processing J

Creates 3 new file

0%  00:00:00

Figure 1-51 New Verilog file
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%‘._! T e

Mew Quarkus II Projeck

4 Design Files
AHOL File
Block. Diagram)Schematic File
EDIF File
Qays System File
Skake Machine File
Systemverilog HOL File
Tl Script File
‘erilog HOL File
YHDL File

4 [Wemoty Files
Hexadecimal (Intel-Format) File
Memory Initialization File

4 \erification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Inkerface File
SignalTap II Logic Analyzer File
University Program WWFE

4 Other Files
AHOL Include File
Block, Symbal File
Chain Description File
Synopsys Design Constraints File
Text File

[ QK ] [ Cancel

J

Help

Figure 1-52 New Verilog File

33. Choose Verilog HDL File and click OK to return to the window as shown in Figure 1-.
Figure 1- show a blank verilog file.

WWW, LT IG. Gom
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@ Quartus II 32-bit - D:fmyfirst_niosii/myfirst_niosii - myfirst_niosii E=HaE
File Edit View Project Assignments Processing Tools Window Help 5 Search altera.com @
DS H@ % @B 9 o myfistiosi Y L EFe D e OO @
|Project Navigator 1Ex | | @& Verllogl.v x| |
Entity FANGT EE ORDOM 0% A B | 2 >
/8% Cyclone IV E: EP4CE22F 1706 1 | n
& myfirst_niosii %
4| I | 3
Ay Hierarchy | E| Files | 4 Design Units | LIP 4|}|
|[Tasks 1A x|
Flow: [FU" Design '] [Cusbomize... ]
Task |«
I+ [ Start Project E
I [ Create Design 1
<« | T | 3 -
Status Tasks < [m 3
x| .
All = <<Search>> v
X @) (&) (@)
a Type ID Mes=age
2|
[l « b
=\ system /" Processing /
0% 00:00:00
_— - —— i  E T . W T .

Figure 1-53 A blank verilog file

34. Type verilog the following script as shown in Figure 1-54. The module DEO_NANQO_QSYS of

the code is from DEO_NANO_QSYS.v of the project. See
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rClpen File - u1

EHEE @ I . synthesis j L] |‘="_5ii "r
& £ : EmEss
ﬂﬁii%ﬂﬁ*]fﬁ | submodules 2013/10/10 12:12 ]
{17 DEO_NANO_QSVS 2013/10/10 1417 3

--\I

£l

WHEA,

@ . l

F
fdsh

Ui W) [DE0_NAWD_GSYS = [[mmo_ |

WPFHBIM): |Design Files (. tdf % vhd #. vhil *.v v | B |
i

[~ Addfile to cument project

COpen as: I,ﬂ.,._rt.:. ;I

_— /21

Figure 1-55 and Figure 1-56.

module myfirst_niosii

CLOCK_50,

LED

input CLOCK_50;

output [7:0] LED;
53
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DEO_NANO_QSYS DEO_NANO_QSYS_inst

.clk_50 (CLOCK_50),

.out_port_from_the_pio_led (LED),

reset_n (1'b1)

endmodule

-
@ Quartus II 32-bit - Dy/myfirst_niosii/myfirst_niosii - myfirst_niosii A
. - i i .

Fle Edit View Project Assignments Processing Tools Window Help Search altera.com ()
DS @ 4 9@ 9 o [myfrstriosi Y YO D r OO R
|Project Mavigator 1Ex | | ﬁﬁ! myfirst_niosii.v (3] |
Eofily, sl =EE 00 Dol 08 8 e | o»
dy Cydone 1V E: EP4CE22F17C6 1 module myfirst niosii -
& myfirst_niosii flil 2 =N
" 3 CLOCK_ 50,
4 LED
E )i
< | ITi] | r 6 input CLOCK 50;
) = - - 7T output [7:0] LED;
dy vierarchy | ElFies | pesgnunis [ P 4b|| DEO_NANC QSYS DEO NANC QSYS inst
|Tasks ogx| s M [
| 10 .clk 50 (CLOCK_50},
Flow: [FL-I” Design "l [Custornize... l 11 .out_port_from the pic_led (LED},
12 .reset_n (1'b1)
Task — 13 )i
I [ Start Project |
i 15 endmoduls
I* [ Create Design
I» [ Assign Constraints -
4 | 10 | 3 i
Status Tasks | m 3
; @ [B T <<Search>> v
a Type D Mes=age

4 b

System /% _Processing /

|Messages

0% 00:00:00

Figure 1-54 Input verilog Text
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i T I | synthesis j - I.:._;F ‘.

= £ st
Py
ﬂﬁi}%ﬂmfﬁ | submodules 2013/10/10 12:12
[ " DEO_NANO_QSVS 2013/10/10 14:17 !

&

[

@ . |

Ik
Ui W) [DE0_NAWD_GSYS = [[mmo_ |
WPFHBIM): |Design Files (. tdf % vhd #. vhil *.v v | BI:E |

[~ Addfile to cument project

Open as: Iﬁutu ;I
_

Figure 1-55 Open SoCKit_QSYS.v

55

ter [l www.terasic.com

wWww, EBraBIc. com




Imaslc

’

@ Quartus I1 32-bit - D:/myfirst_niosii/myfirst_niosii - myﬁrst_niosiij - l E=RE

File Edit View Project Assignments Processing Tools Window Help &) Search altera.com )

IS H@ % @ 9 o [myfstoos Y e O g D HR
|Project Navigator 05 x| | &l myfirst_niosiiv [ | < DEO_NAND_QSYS synthesis/DED_NANG_QsYs.v [ |
’ = —

e FRNT FE 00 DOM 0SBy | 2EEST
£ DED_NANO_QSYS.asys 1 // DEO_NANO_QSYS.v A
DEO_NAND_QSYS fsynthesis/DE0_NAI 2 3
EE myfirst_niosii. v = // Generated using ACDS wersion 13.0spl 232 at 2013.10.10.

[ 4
5 ‘timescale I p=s / 1 p=s
6 [Dmodule DEO_NANC Q5Y¥S |
< il | b 7 input wire clk 50, Iy
/4% Hierarchy @ Files & De 4| )l 8 input wire reset_n, fr clk 50
g cutput wire [7:0] out_port from the pio led // pio_
|Tasks oA x | 10 )i
. 11
Flow: [FL-I” Design '] [Custm'lize... ] | i i i .
12 wire cpu_instruction master waltrequest;
Task - 13 wire [16:0] cpu instruction master address;
|:| 14 wWire cpu_instruction master read;
I [ Start Project 15 wire [31:0] cpu_instruction master readdatar
> [ Create Design 16 wire cpu_instruction master readdatavalid;
b Assign Constraints il 17 wWire cpu_data master waltreguest;
18 wire [31:0] cpu_data master writedata;
d i G 18 wire [16:0] cpu data master address; hi
Status Tasks 4 [l 3

; @ [B T <<Search>> -

a Type D Mes=age

Messages

]
System i Processing f

Ln1l Coll Verilog HOL File 100% 00:01:35

Figure 1-56 SoCKit_QSYS module

35. Choose Save Icon in the tool bar. There will appear a window as shown in Figure 1-57. Click

Save.
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Save O3 mm
Save in: nano_my_first_fpga :_J |'="_'\‘|@C '

: Marme Date rodified Type

ik
o geys_edit 1771052013 9:34 AN File folder

Recent Places )
db 1771042013 9:43 AN File folder

Dezktop

=
Libraries

"L
L

Computer

@

M etiwark:,

4 | I

al 3
File name: Jm_l,lfirst_ninsii,v LJ Save |
LJ Cancel

Save as bype: |\erilag HOL Files [*.v *.vlg * verilog)

v Add file to cument project

Figure 1-57 Save Verilog file

36. Add File in project as shown in Figure 1-58, add DEO NANO QSYS.gsys and
DEO NANO_QSYS.v to the project as shown in Figure 1-59 and Figure 1-60. it is completed
as shown in Figure 1-.
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@ Quartus II 32-bit - Dy/myfirst_niosiifmyfirst_niosii - myfirst_niosii

e

File Edit View Project Assignments Processing Tools Window Help 5 Search altera.com ]
NS @ £ 2@ 9 o [myfst niosi Y e D HO R
|Project MNavigator 15 Xl ‘ Qﬁ! myfirst_niosii.v m |
| | 2 o= ) =
L —— BNRT EEAETO6 08 2% | 2EEES
EE Add/Remove Files in Project... - —
1 module myfirst niosii -
2 =i
3 CLOCE_50,
4 LED
2 )i
& input CLOCE_=0:
| 7 output [7:0] LED;
Ay Hierarchy | E|Files | o De 4| pl &8 DEQ_NANO QSYS DEO NANO QSYS inst
s M !
[Tasks R x| 10 .clk 50 (CLOCK_50),
B - 11 .out port from the pico led (LED),
Flow: |Full Design * | | Customize... — — - _ _
ow: | =4 | [customize... 12 .reset n {17b1)
Task = 42 )i
14
I | Start Project 15 endmodule '
> | Create Design
> | Assign Constraints i
q T 2 i
N status Tasks ] i 3
X an & T <<Search>> A
=y
12 @) &) [a)
o Type ID Mess=sage
w
2|« b
[}
=\ _system /\_Processing [
Opens up Settings dialog to add/remove files in project 0% 00:00:00
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Figure 1-58 Add file

58

www.terasic.com




-
_+" Settings - myfirst_niosii

Imaslc

- e W—

Category:

General
Files
Libraries
4 QDperating Settings and Conditions
Voltage
Temperature
4 Compilation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthesis Optimizations
4 EDA Tool Settings
Design Entry /Synthesis
Simulation
Farmal Verification
Board-Level
4 Analysis & Synthesis Settings
WHDL Input
Verilog HDL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSN Analyzer

Files

Select the design files you want to indude in the project. Click Add All to add all design files in the project

directory to the project.

Eile name:

(o] [ Acd

File Name Type
myfirst_niosii.v Verilog HOL File

Library  Design Entry/Synthesis Tool

<Mone >

mn

HDL Vers

Default

Down

Properties

[

)
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Figure 1-59 Add file

59

www.terasic.com




Imaslc

-

_+ " Settings - myfirst_niosii

Category:

General
Files
Libraries
4 QDperating Settings and Conditions
Voltage
Temperature
4 Compilation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthesis Optimizations
4 EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level
4 Analysis & Synthesis Settings
VHDL Input
Verilog HOL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSN Analyzer

Select the design files you want to include in the project. Click Add All to add all design files in the project
directory to the project.
File name: E] Add
File Name Type Library  Design Entry/Synthesis Tool HOL Vers Add all
DEO_MANGC _... Qsys System... <MNone >
DEO_MAMQ_... Verilog HOL File <MNone > Default Remove
myfirst_niosii.v Verilog HOL File <MNone > Default
Up
Down
Properties
q T 3
[ oK ] [ Cancel ] [ Apply ] [ Help
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Figure 1-60 Add file
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@ Quartus II 32-bit - D:/myfirst_niosii/myfirst_niosii - myﬁrst_n_m- E‘Elg

Fle Edit View Project Assignments Processing  Took  Window Help ) Search altera.com ()
DEH@ & 0@ 9 o myfsis JEY S¢S D rZ 0D R -
|Project Navigator ig X|| 4 myfirst_niosiiv (£ | < DEO_NANO_QSYS/synthesis/DEO_NANO_QSYS.v [] |
i A= s o= . =
Bt B @/MT EE 0fDoM 0SS A Ry | 2EEE
/% Cydone IV E: EPACE22F17Cs B module myfirst niosii "
- myfirst_niosii o 2 Q[
3 CLOCE_ S0,
4 LED
=] )
[ input CLOCK_50:
d il D 7 output [7:01  LED;
A Hierarchy | |2 Files | o DE4|;| 8 DEC_NANO QSYS DEO MANO (SYS inst
s H {
[Tasks 18 x|l 10 .clk 50 (CLOCK_50) ,
B - 11 .out port from the pio led (LED),
Flow: |Full Design - | | Customize... = - - — -
ow: [Ful Desig | [costomize... || .Teset n (17b7)
Task = 42 )i
14
i [ StartProject 15 endmodule
> | Create Design
&> | Assign Constraints i
Il [T 3 1
Status Tasks ] 11 3

@ m % <<Search=> v

Type ID Message

4 I

System /\_Processing [/

0% 00:00:00

Figure 1-61 Add file completely

37. Choose Processing > Start Compilation as shown in Figure 1-62. Figure 1-63 shows the
compilation process.

61

ter [l www.terasic.com

wWww, EBraBIc. com




Imaslc

-
@ Quartus II 32-bit - D:/myfirst_niosiifmyfirst_niosii - myfirst_niosii

ﬂ—@g

> ] Create Design
> | Assign Constraints

Ll 1 3
Status Tasks

4 UL

File Edit Wiew Project Assignments [Processng] Tools  Window Help 5 Search altera.com )
DS H@ % 2@ 9 oW StopProcessing crsshiic S H@ O rwwp OO 2 »
|Project Navigator B8 x|  start Compiation Ctrl+L iesis/DE0_NANO_QSYS.v [ |
Entit|| #4 Analyze Current File 0 2 % 35w | =EES
& Cydone IV E: EP4CE22F17C6 Start =
= myfirst_niosi G Update Memory Initizlization File
&g  Compilation Report Cirl+R
Q Dynamic Synthesis Report
| 1 r § PowerPlay Power Analyzer Tool
/i Hierarchy @ Files | i De 4| 3 HF 55N Analyzer Tool _inst
Tasks BaEx|| 10 .clk 50 (CLOCK_50),
) B - 11 .out port from the pioc led (LED) ,
Flow: |Ful Design * | | Customize. .. — - - - -
ow: [FullDesig J [customze...} | .reset n (1'61)
Task = 42 )i
14
b [ StartProject 15 endmodule

; @ [B T <<Search>>

a Tvpe ID Mes=age

4

Messages

System /\_Processing /
Starts a new compilation

0% 00:00:00
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Figure 1-62 Start Compilation
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‘gj Quartus II 32-bit - D:/myfirst_niosii/myfirst_niosii - myfirst_niosii l =[5 g
File Edit Wiew Project Assignments Processing  Tools Window Help 5 Search altera.com Y]
DS @ #2@B9 o myfrstios Y SO O r g DD
|Project Navigator 1ax | ‘ ».'J Compilation Repart - myfirst_niosi (3]
[ Files [Table of Contents ia|
@ DED_MANO_QSYS.gsys 5 Flow Summary Flow Status . . In progret?.s -Thu Oct 10 14:55:11 2013 _
DED_MANG_QSYS /synthesis/DED_NAI =% Flow Settings QL.IBII'I.:L.IS 11 32-bit Version 13.0.1Eiu.||d"232 06/12/2013 SP 1 51 Full Version
I FE myfirst_niosi.y - Revision Name myfirst_niosii
- ' Flow Non-Default Global Top-evel Entity Name myfirst_niosii
: == Flow Elapsed Time Farmily Cycone IVE
i B2 Flow OS Summary
' i | b =
@ Flow Log
(4 Hierarchy Ig Files o De ‘l ’l [ [ Analysis & Synthesis
|Tasks nex| LiJ Flow Messages
- \ID Flow Suppressed Messag
Flow: |Full Design * | | Customize...
Task *
lg’% 4 P Compile Design L4

E"’ﬁ: 4 @ Analysis & Synthesis
] Edit Settings

a4 (L I

Status | Tasks 4 10 Il i 3

-

e B FE T = v

Bl Type D Message i
“ n 12020 Port "jdo" on the entity instantiation of "'the_DEO_NANO_QSYS_cpu_nio.32_c|ci_itra::E|_|
L] -
E [l i 3

L}

=|\ System /\_Processing (407)

g%, &' 00:00:41

Figure 1-63 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 1.0V” to “set global assignment -name
NOMINAL CORE SUPPLY VOLTAGE 1.2V” in the myfirst niosii.qsf of the project.

38. A window that shows successfully will appear as shown in Figure 1-64.
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DIETL S

@
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13.0.1Build 232 06/12/2013 SP 1 51 Ful
myfirst_niosii
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=2 Flow 05 Summary Device EP4CE22F17CH
4| LI} | ' l% Flow Log Timing Models Final
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poCE g
| @ Quartus II — u S LeEallinE
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i J 154 (6 %)
Task ~|| ¢ 3
4 4 P Compile Design (| » 3 E Jrflizsi,is; (} <1%)
. ) )
4 = Analysis & Synthesis 14(0%)
] Edit Settings il
4 1 - 3
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£
e P w
a Type ID Mes=zage ot
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Figure 1-64 Compilation project completely

39. Choose Assignments > Pins to open pin planner as shown in Figure 1-65. Figure 1-66 show

blank pins.
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Figure 1-65 Pins menu
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Figure 1-66 Blank Pins

40. Input Location value as shown in Figure 1-67.
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Figure 1-67 Set Pins

41. Close the pin planner. Restart compilation the project as shown in Figure 1-68.
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Figure 1-68 Compilation project again

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 Software Build Tools (SBT) for Eclipse.
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4. After the welcome page appears, click Workbench.

5. Choose Nios II->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 My First NiosllI project directory.

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

11. Click OK.

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

13. Select USB-BlasterIl 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 I Help for information on how to install the driver. See Figure
1-69.

_d— -

Hardware Settings JTAG Settings
Select a programming hardware setup ko use when programming devices, This programming
hardware setup applies only to the current programmer window.
Currently selected hardware: [No Hardware A ]
] ; Mo Hardware
Available hardware items LIB-BlaskerTl LSB-1]
Hardware Seryer Port £dd Hardware,
LISB-BlasterIl Laial LISE-1
Remove Hardware

Figure 1-69 Hardware Setup Window
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14. Click Close.

15. Turn on the Program/Configure option for the programming file.(See Figure 1-70 for an
example).

16. Click Start.

-
«% Programmer - D:/myfirst_niosiifmyfirst_niosii - myfirst_niosii - [Chain3.cdf]* @M

File Edit Yiew Processing Tools Window Help 5 Search altera.com ()

2, Hardware Setup...| USB-Blaster [IS8-0] Mode: [JTﬁG o Progress: ]

|| Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

File Device Checksum Usercode Program/ Verify Blank- Examing
Configure Check

myfirst_niosii.sof EP4CEZ2F17 001538058 00158058

o Start

@ Stop

& Auto Detect

{ Delete

(% Add File...

& Change File...

4 i 3

'l save File
B Add Device. ..
T up

' pown

EP4CE22F 17

Figure 1-70 Quartus Il 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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Chapter 2
NIOS /] Softwar

Build Tools for Eclipse

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

The Nios II Software Build Tools (SBT) for Eclipse is an easy-to-use graphical user interface (GUI)
that automates build and makefile management. The Nios II SBT for Eclipse integrates a text editor,
debugger, ,the BSP editor ,the Nios II flash programmer and the Quartus II Programmer. 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 SBT for Eclipse 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 SBT for Eclipse:

1. Return to the NIOS II Software Build Tools for Eclipse.

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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Tz Cirl+S An outline is not available. -
Save As. Overview
. Get an overview ofthe
| Save All Ctrl+Shift+5 features
Revert
|
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| Rename.. F2 Tutorials
1 Refresh E5 Go through tutorials
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Convert Line Delimiters To 3
Print... Ctrl+P ‘n\ samples
Switch Workspace 3 DASOC\SoCKit_HDMI_TX\SoCKit_HDMI_TX\software
Restart DADE2i_150,DE2i_150_HDMI_TX\software
g Import.. DADE2i_1500,DE2i_150_ICB\software
a Ditest\Demonstration\Demonstration\DE0_Nano_QSYS_DEMO\software
.y Export.
Properties Alt+Enter Siice
Exit Workbench
Go to the workbench
] ] [>
|| s )
a 0 items selected
. &
Figure 2-1 Switch Workspace (1)
r - 5
= Workspace Launcher ) e ] & = u
ik
Select a workspace
Eclipse stores your projects in a folder called a workspace. |
Choose a workspace folder to use for this session.
Waorkspace: Dmyfirst_niositsoftware - | Browse...
» Copy Settings
@ | ok || Cancel
h — —
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Figure 2-2 Switch Workspace (2)

3. Choose File->New->NIOS II Application and BSP from Template open the New Project Wizard.

4. In the New Project wizard, make sure the following things:

e Under Target hardware information, next to SOPC Information File name, browse to locate the
<design files directory> where the previously created hardware project resides as shown in
Figure 2-3.

e Select DEO. NANO_ QSYS.sopcinfo and click Open. You return to the Nios II Application and
BSP from Template wizard showing current information for the SOPC Information File name and
CPU name fields.

e Select the Hello World project template.

e Give the project a name. (hello world 0 is default name),there we rename it to hello_ world 0.
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= Mios II Application and BSP from Template

Mios II Software Examples

template

Create a new application and board support package based on a software example

CPU name:

Application project

Target hardware information

SOPC Information File name:

Dymiyfirst_niosifDEO_NAMNO_QSYS.sopcinfo

’ cpu

Use default location

Project location:

Project template

Templates

Project name:  hello_ worl d_O|

Dymyfirst_niosii\software\hello_world_0

Template description

Blank Project
Board Diagnostics
Count Binary
Hello Freestanding
Hello MicroC/OS-11

Hello World Small
Memaory Test
Memory Test Small

[ | e
1| 1] [

Hello World

Hello World prints 'Hello from Mios IT' to STDOUT.

| »

This example runs with or without the MicroC/OS-11 |
RTOS and requires an STDOUT device in your systemn's |~
hardware.

m

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

The BSP for this template is based on the Altera HAL

= Back MNext = Finish Cancel

| /|

5. Click Finish. The NIOS

Figure 2-3 Nios II-Ecplise New Project Wizard

Il SBT for Eclipse creates the hello_world_0 project and returns to the

Nios II C/C++ project perspective. See Figure 2-4.
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m hello_world.c : using the standard reference design. ~ Get : rview of the
= create-this-app * For a reduced footprint version of this template, and
| & Makefile * to reduce the memory footprint for a given applicatio
readme.bd * "small_helle_world” template.
=
== hello_waorld_0_bsp [DEO_| y Tutorials

Go through tutorials

m

#include <stdic.h>

int main()

B Samples
printf("Helle from Nies II!%wn™); Try outthe samples
return @;

3 L
e What's New
ull = | g Find outwhat is new
B Problemsr@ Tasks (E Console &2 B Properlies} =0
CDT Build Console [hello_world_0]
N e = = - F% o
t & ¢ | ﬁ EE |='5I| o & i Workbench
#F¥F Clean-only build of cenfiguration Niocs IT for preject ~ Goto the workbench
hello_world_@ ***=*
i
make clean
[hello_world_@ clean complete]
4 ] P || weer Build Finished *rer 2
a* ‘ Writable | Smart Insert ‘ 24:2 I
o -

Figure 2-4 Ecplise Project Perspective for hello_world_0

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

m hello world 0 (hello world 0 is default name) is your C/C++ application project. This project
contains the source and header files for your application.

mhello world 0 bsp (hello world 0 bsp is default name) is a board support package that
encapsulates the details of theNios II system hardware.

Note:When you build the system library for the first time the NIOS II SBT for Eclipse
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.
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e NIOS software packages which includes NIOS II hardware abstraction layer, NicheStack TCP/IP
Network stack, NIOS 1II 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 Eclipse begins compiling the
project. When compilation completes, a message ‘[myfirst niosii 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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- —— o . e oL
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slla_world_ * device in your system's hardware.
ﬁ', Binaries * The memory footprint of this hosted application is ~6
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(= obj * For a reduced footprint version of this template, and
N [# hello_world.c * to reduce the memory footprint for a given applicatio
I :gg hello_world_0.elf - [ah : "small_hello world” template.
|| create-this-app y Tutorials
I 7] hello_world_0.map 5 : Go through tutorials
: hello_world_0.objdur #include <stdio.h>
| D@ Makefile int main()
readme.txt i Samples
=% hello_world_0_bsp printf{"Hello from Nigs II!\n"); Try outthe samples
return @;
} L9
f oy o | > What's Ne

E_t‘ Problems (@ Tasks Mﬁ Properlies} =0

CDT Build Console [hello_world_0]

O | LA B E‘I| HE~I- Workbench

Go to the workbench

nios2-elf-cbjdump --disassemble --syms --all-header --source T
i hello_world @.elf >hello_world @.cbjdump
[hello_world_® build complete]

*#Ex* Build Finished **** Il

i -
|| R r—— Al -] m )
D<>

Figure 2-5 hello_world_0 Build Completed

After compilation complete, right-click the hello world 0 project, choose Run As, and chooseNIOS
IT Hardware. The Eclipse begins to download the program to the target FPGA developmentboard
and begins execution. When the target hardware begins executing the program, the message 'Hello
from Nios II!” appears in the NIOS II SBT for Eclipse Console tab. See Figure 2-6 for an example.
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= Nios II - hello_world_0/hello_world.c - Eclipse
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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 Eclipse, 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
LED 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 1I'\n");

int count = 0;

int delay;

while(1)

IOWR_ALTERA_AVALON_PIO_DATA(LED_BASE, count & 0x01);

delay = 0;

while(delay < 1000000)

delay++;
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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 SBT for Eclipse automatically
re-builds the program before downloading it to the FPGA.

4. Orient your development board so that you can observe LED 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 bsp directory as shown in Figure 2-7.
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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 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.

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)

T13asiC)
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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 P1O 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 SBT for Eclipse, 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.

r
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Figure 2-8 Set Breakpoint
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2. To debug your application, right-click the application (hello world 0 by default) and choose
Debug as > Nios Il Hardware.

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

4. 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 SBT for Eclipse, 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.

2.6 Configure BSP Editor

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 SBT for Eclipse, right-click hello world 0 bsp and choose Nios II-> BSP Editor.
The BSP Editor dialog box opens.

2. The Main 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 My First Niosll 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_memory?2 for all the memory options in the Linker Script box. See Figure 2-9 for
an example.
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- Nios Il BSP Editor - settings.bsp . - L ‘ . g e " E@g

File Edit Tools Help
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Linker Section Mappings
-
Linker Section Name Linker Region Name Memoary Device Name [ Add... ]
. bzs onchip_memory2 onchip_memory2 - Remove. ..
. entry reset onchip_memory2 F [ Restore Defaults... ]
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. heap onchip_memory2 onchip_memory2 =
N | rodata onchip_memory2 onchip_memory2
M | rwdata onchip_memory2 onchip_memory2 |
. stack onchip_memory2 onchip_memory2 i
Linker Memory Regions
[ Linker Region Mame Address Range Memory Device Name Size (bytes) Offset (bytes) [ Add... ]
|| |omchip_memary2 0x00008020 - Ox0000FFFF  |anchip_memory2 32736 32 Remave...
reset Q00008000 - Ox0000801F  |onchip memory2 32 0 [ Restore Defaults... ]
| |
|
[ Add Memory Device. .. ]
|
[l Remove Memaory Device...
[ Memory Usage... ]
I Grayed out entries are automatically created at generate time. They are not editable or persisted in the BSP settings file.
|| Information | Problems I Processing
W@ setting "hal linker exception_stack_memory_region_name” set to "onchip_memory 2", -
[ @ Loading drivers from ensemble report.
[ @ Mapped module: "cpu” to use the default driver version,
| (& Mapped module: "pio_led" to use the default driver version.
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@ Finished loading drivers from ensemble report. -
Generate ] [ Exit
- —_— A

Figure 2-9 Configuring BSP
5. Click Exit to close the BSP Editor dialog box and return to the Eclipse workbench.
Note: If you make changes to the system properties or the Qsys properties or your hardware, you

must rebuild your project. To rebuild, right-click the hello world 0 BSP->Nios
[I->Generate BSP and then Rebuild Project.
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