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Chapter 1
Hardware Design

This tutorial provides comprehensive information which will help users understand how to create a
FPGA based QSYS system and implement it on MAX10 NEEK board and run software upon it.

1.1 Requirements

The Nios Il processor core is a soft-core central processing unit that users program onto Altera Field
Programmable Gate Array (FPGA). This tutorial illustrates the basic flow from hardware creation to
software building.

The example NIOS 11 standard hardware system provides the following necessary components:

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

e On-chip memory to store and run the software

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

e LED peripheral I/0 (P10), be used as indicators

1.2 Create a Hardware Design

This section describes how to create a hardware system including QSYS feature.

1. Launch Quartus Il and select File->New Project Wizard to create a new project, as shown in
Figure 1-1 and Figure 1-2.
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Figure 1-1 Select File -> New Project Wizard in Quartus Il
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( 0 2 -
&4 MNew Project Wizard @
Directory, Name, Top-Level Entity
What is the working directory for this project?
D:\altera\15.0 (i)
What is the name of this project?
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.
Use Existing Project Settings...
[
[ < Back. ] [ Mext = ] [ Finish ] [ Cancel ] [ Help

Figure 1-2 First page of the New Project Wizard

2. Choose a working directory for this project. Enter the project name and top-level entity name, as
shown in Figure 1-3. Click Next and a window will pop up, as shown in Figure 1-4.
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. New Project Wiza

Directory, Name, Top-Level Entity

What is the working directory for this project?

D:\my_first_niosii E]
What is the name of this project?

my_first_niosi]
What is the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.,

my_first_niosii E]

Use Existing Project Settings...

| <Back |[ mext> || Ensh || cancel || Hep

Figure 1-3 Define the working directory, project name, and top-level design entity name
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( 0 2 -
& New Project Wizard ﬂ
Add 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.
Mote: you can always add design files to the project later.
File name: E] Add
File Name Type Library Design Entry/Synthesis Tool HOL Version Add Al
Remave
Up
Down
Properties
I
Specify the path names of any non-default libraries.
| <Back |[ wext> || Ensh || cancel || Heb

Figure 1-4 Add Files

3. Click Next and choose the device family with device settings according to Figure 1-5. Click
Next to the next window, as shown in Figure 1-6.
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&4 MNew Project Wizard

Family & Device Settings

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

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

To determine the version of the Quartus II software in which your target device is supported, refer to the Device Support List webpage.

Device family

Eamiy: |MAX 10 (DA/DF/DC/SA/SF/SC)

Devices: [AJI

Target device

Auto device selected by the Fitter

@ Specific device selected in ‘Available devices' list

Qther: nfa

Available devices:

Show in ‘Available devices' list

Package: [hny

Pin count: [Any

Core Speed grade: [Any

MName filter:

Show advanced devices

10M50DAF256C7G 1.2V
10MS0DAF256C8G 1.2V
10M50DAF256C8GES 1.2V
10M50DAF25617G 12V
mm_
10MS0DAF434C7G 1.2V
10M50DAF434C8G 1.2V
10M50DAF434C8GES 1.2V
10MS0DAF43417G 12

4

GPIOs Memory Bits Embedded multiplier 9-bit element:
1677312 233
1677312 238
1677312 288
1677312
1677312 1N
1677312 288 L
1677312 238
1677312 233 i

3
[ <Back | [ mext> || Cancel || Heb
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( &4 MNew Project Wizard - ﬂ

EDA Tool Settings
Spedfy 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
Design Entry/Synthesis [éNone> - ] <MNone > - Run this tool automatically to synthesize the current design
Simulation [<None> - ] <MNone = - Run gatedevel simulation automatically after compilation
Formal Verification <Mone = -
Board-Level Timing [{None> - ]

Symbaol [<None> = ]

Signal Intearity [<None> - ]

Boundary Scan <MNone > -

I
| <Back |[ wext> || Ensh || cancel || Heb

Figure 1-6 EDA Tool Settings

4. Click Next and a summary about the project which has just been created is shown in Figure 1-7.
Click Finish to complete the creation of a new project, as shown in Figure 1-8.
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&§ New Project Wizard

Summary

Project directory:

Project name:

Top-evel design entity:
Mumber of files added:

Mumber of user libraries added:
Device assignments:

Design template:
Family name:
Device:
EDA tools:
Design entryfsynthesis:
Simulation:
Timing analysis:
Operating conditions:
Core voltage:

Junction temperature range:

When you dick Finish, the project will be created with the following settings:

D:\altera\15.0
my_first_niosii
my_first_niosii
0
0

nfa
Max 10 (DA/DF/DC/SA/SF/SC)
10M50DAF434C6GES

<None> (<None>)
<None> (<None>)

0

1av

085 °C

Mext = [ Finish ][ Cancel ][

Help
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- - = —
@ Quartus I 64-Bit - D:/my_first_niosii/my_first_niosii - my_first_niosii =8
—
Fie Edit View Project Assignments Processing Tools Window Help 5 Search altera.com 0
DS H@ 4 D9 o st Y S ERE O et O S 9P A e @
Project Navigator nax IP Catalog oax ||
[ ® Q, X =
| Entity 4 2 Instaled P
i & MAX 10: 10M50DAF484C6GES 4 Project Directory
4= my_first_niosi d'!lil [ System
4 Library
| [ Basic Functions I
[» Bitec
l & Dsp
I b Interface Protocols
[» Low Power
0l o | - > Memory Interfaces and Controllers
I = [> Processors and Peripherals
Hierarch Files | of DesignUnits | < IP Components j_l =
! Ay Hierarchy | | £ » ® b sis
f Tasks Rax| . © University Program
|F|ow: [Cmﬂaﬁm ,] [CLSMZE l . O Search for Partner IP
Version 15
Task 0]
a4 P Compile Design
i > B Analysis & Synthesis
I 1> B Fitter (Place & Route)
b "
I = Assembler (Generate programming files) e View Quartus Il
f I B TimeQuest Timing Analysis Information
| I I EDA Netiist Writer @ Documentation
% Program Device (Open Programmer) s
‘O = 5 - Notification Center
"
X
I & @ T =<Fiter>>
1
I Type ID Message
i
i
g
il 2L
=\ _system /\ Processing J

100%  00:0209

Figure 1-8 The new project in Quartus Il
5. Choose Tools -> Qsys to open the Qsys system builder tool, as shown in Figure 1-9. Choose
File- > New System to create a new Qsys system, as shown in Figure 1-10.
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DEH@ %28 9 o (s

|Project Navigator

Q

2 my_first_niosii )

Entity
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ol
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Run Simulation Tool L @ D e OO e @ P A

Launch Simulation Library Compiler
Launch Design Space Explorer 1T

TimeQuest Timing Analyzer

Advisors

Chip Planner

Design Partition Planner

Metlist Viewers

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

Programmer

JTAG Chain Debugger
Fault Injection Debugger
System Debugging Tools »

IP Catalog

Mios II Software Build Tools for Edipse

Osys
Td Sripts...

Customize...
Options...

License Setup...
Install Devices...

Figure 1-9 Select Tool -> Qsys
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B Qo - nsavedasys” vy St iceiunsavedcey:

Edit System Generate Miew Tools Help

(New System..) Ctrl+N
New Component...

Open... Ctrl+0
Save Cirl+5
Save As...

Refresh System F5

Export System as hw.tcl Component
Browse Project Directory...
Recent Projects

Exit Alt+Fa4

= ﬂ' = t: System Contents 3—3‘ Addrezs Map b ‘ Interconnect Requirements i

b4 |E| |£| i Sy=stem: unsaved

T Use Con. .. Name Description

L]g E clk O Clock Source

b 4 clk in Clock Input

-' clk_in_reset Reszet Input

'z clk Clock Output
clk reset Reszet Output

FY

v

- 4

®-5L5
#-University Program

(Wew... ]| Fait... |

!H !IETEII:!" ! Dewice Family &

IQ unsaved [unsaved.
I- clk

[#-B= reset

-4F elk 0

Figure 1-10 Create a new Qsys system

6. Choose File -> Save and enter “NEEK10_QSYS.qsys”, as shown in Figure 1-11 and Figure

1-12.
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IJ', Qsys - unsaved.gsys® (D\my_first_niosii\unsaved.qsys) e w—m - ; [ren—
Edit System Generate View Tools Help

MNew System... Ctrl+N ﬁ
ew system " - m: , System Contents oo | Address Map 5% | Interconmect Requirements oo
New Component...
x ||~ g System: unzaved
Open... Ctrl+O e T
| Use Con. .. Name Description
Ctrl+5
UIE H elk 0 Clock Source
Save As... x clk in Clock Input
Refresh System F5 @ clk in_reset Reset Input
Export System as hw.tcl Component .I clk Clock Output
clk reset Rezet Output
Browse Project Directory... -~
v
Recent Projects » ¥
Exit Alt+F4

[#H-University Program

Edit. .. & add. ..

E“ Hierarchy oo | Device Family %| il =]
lulalved [unsaved. gzy=s*]

-l clk

B= reset

E-4F 1k 0

Figure 1-11 Select File -> Save in Qsys

% Save: unsaved @
Save in: :J my_first niosii V: T 2 E-
B I .gsys_edit
Recén.-.. b db
Desktop
My Do...
A
Computer
@  File nane: NEEK10_QSYS} asys
Network Files of type: :sts System Files (+. gsys) V:

Figure 1-12 Enter “NEEK10_QSYS.qsys” as the file name

7. Right-click the clk_0 component and rename it to clk_50. Double click clk_50 to set the clock
frequency to 50000000 Hz, as shown in Figure 1-13.
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L Qsys - NEEK10_QSYS.qsys* (D:\my_first_niosi\NEEK10_QSYS.gsys)

C——

Edit System Generate View Tools Help

!“ Hierarchy & Device Family 2

"] NEEE10_QSYS [NEEK10_QSYS. qsys+]

-fo

th Parameters oo System Contents 2 | Address Map &8 | Interconmect Requirements 2

- [

Clock frequency is kmown

System: NEEKI0_0STS  Path: clk 50
Clock Source
clock source
|v Parameters
Clock frequency: 50000000 Hz

Beset synchronous edges: .Nnne v.

Figure 1-13 Rename the clock source and set it to 50000000 Hz

8. Choose Library -> Processors and Peripherals- > Embedded Processors -> Nios Il Processor
to add a Nios Il processor into the system, as shown in Figure 1-14 and Figure 1-15.

£ Qsys - NEEK10_QSYS.gsys™ (D:\my_first_niosit\MEEK10_QSYS.qgsys)

Edit System Generate View Tools Help

[ 1P Catalog 83‘

- =

4

"Config‘uration and Programming
Ma
n Chip Memory

FH-Bitee

[+-DSF

[#H-Tnterface Protocols

[#-Low Power

[#-Memary Interfaces and Controllers
El"'l’xjocessors and Peripherals
E}"C_D—Processors

E|'"Hios IT Custom Instructions
] Bitswap

@ Floating Point Hardware

[=hEmbedded Processors

Bl ios IT Processor
[#-Hard Processor Components
[tF-Hard Processor Systems

- Inter-Process Communication

"Simulation; Debug and Verification

@ Custom Instruction Interconnect

2 Floating Point Hardware 2

@ Nios II (Classic) Processor

9 Custom Instruction Master Iranslator

@ Custem Instruction 5lave Iranslater

X &

m

s

!H Hierarchy g

I REEK10_QSTS [NEEK10_QSTS. qsys*]

=] o1k 50

— System Contents Address Map s

x| |a| Ml System: FEEKI0 QSIS Pat

4
UE 2 clk 50
X C elk_in
’i} L clk in reset
'x elk
clk reset
FY
v
=

Figure 1-14 Add Nios Il Processor
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JTAG Debug

Advanced Features

| T

] 3

- — — T —
A& Nios Il Processor - nios2_gen2_0 5 anil
“ Nios II Processor
Magotors gltera nios2_gen2
[* Block Disgram
) Wi | Vectors | Caches and Memory Interfaces | Avithmetic Instructions | WU and WEU Settings
7] Show signals
[* Select an Implementstion
nios2_gen2 0 Wios IT Core! () phigs I1/e
i @ Nios II/E
Y avalon
eset = -
et avalon Nios II/e Nies II/f
I .
temupt reset Susmary |Resource-optimized 32-hit RISC Performance optimized 32-bit
[EbUOMEMSIGVe oo ris_sustom_instuct RTSC
Features |JTAG Debug TTAG Debug
Hardware Multiply/Divide
Instructien/Data Caches
Tightly Coupled Masters
ECC BAN Protection
External Interrupt Comtroller
Shadow Register Sets
NEU
NNy
EAM Usage |2 + Optiens 2 + Optienms

m

<

[T

|

@D Frror: nios2_gen2 0: Reset zlave is not specified. Please select the reset slave

@ Error: mios2_gen2 0: Exception slave is mot specified. Please select the sxception slave

Figure 1-15 Settings of Nios Il Processor

9. Click Finish to return to the main window, as shown in Figure 1-16.

L Qsys - NEEK10_QS¥S.qsys® (D:\my_first_niosii\NEEK10_QS¥S.qsys)

File| Edit System Generate View Tools Help

4

ETPCatalcg ) - o

THA

1tec

5P

ow Power

< [

[0n Chip Memory
Simulation: Debug and Veri

nterface Protocels

E-Configuration and Programr +

emory Interfaces and Comtrol _

T

!“ Hierarchy g - e

-] Conmections

1 NEEK10_QSTS [NEEK10_QSTS. gsyst

!_ System Contents g Address Map % | Interconnect Requirements &0 | Device Family 9% | Parameters &% o
z||a System: NEEKIO_0STS  Path: nios2_gen2 0
x i sy K _gen |
| Use | Comnections Tame Description Export Clock Base
L Bl elk 50 Clock Source
— ]| o clk_in Clock Input clk exported
j Bz = clk in reset Reset Inmput reset
. clk Clock Output clk 50
clk_reset Reset Output
Y
S8 njos2_gen2 0 Tios II Processer
7 clk Clock Input uncomnecte,
D x reset Reset Input [clk]
data_master Avalon Memory Mapped Master [clk]
instruction master |Avalon Memory Mapped Master [elk]
irg Interrupt Receiver [c1k] 1
debug_reset_request Reset Output [clk]
debug mem_slave Avalon Memory Mapped Slave [clk] 00800
custom_instructi Custom Instruction Master
4 1 +
it 7 W carrent Filter: A1 Interfaces
®= i
5= Messages P
=
Type Path Messsge =
=%} |4 Errors | o
ﬂ |I'!'I!'E|l1 OSYS mias? san? I'Il'an! =lave iz nnt snecifisd Pleaze zalert the re=et clave S

4 1

<

4 Errors, O Warnings

»
:

Figure 1-16 Complete adding Nios Il processor

10. Right-click on nios2_gen2_0 and choose rename, as shown in Figure 1-17. Rename the Nios Il
processor to cpu. Connect its clk and reset to the clk and clk_reset of clk_50, as shown in Figure

1-18.
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[ & Qsys - NEEKI0 QsYS qeys* O
File Edit System Generate View Tools Help

E IF Catalog 5 = B1|| 12 System Contents 23] Address Map ¥ | Intercomnect Requirements % | Device Family &3 | Parameters &% -/
4 [ x| |~ ! System: NEEKIO QSIS Path: nios2_gen2 0
| E-Configuwation and Programr 4 | vee | Commectivns Tame Description Export Clock Base
IHA e El elk 50 Clock Source
‘On Chip Memory x B dkin Clock Input
ts“"“l"““"' Debug and V"‘El B = clk_in_reset Reset Imput
o = clk Clock Dutzut
Tnterface Protocols - clk reset Reset Output
Low Power 218 pjos? gen2 o P
enory Interfaces and Control _| || clk Cennections D ancommecte
= o x reset
4 m (3 .
data master 7 Filter All Interfaces
instruction o Edi P Clock and Reset Interfaces
irg 4 Add Avalon-MM Interfaces I
: debug reset, Avalon-5T Interfaces
MG o e B coe !
- Hide Resets
D.Q HEEE10_QSYS [NEEE10 QSYS. gsys¥ custom_insts Duplicate Ctrl+D .
Hide Clocks (l
J Remove X
. Hide Clocks and Resets
Details .
; Hide Interrupts
4 Mave Up Ctrl+Shift+U
- c ti s -
I bemneetions a Ml Drill into subsystem Cirl+Shift+D Show Connected 3
e it 7 W Carrent Filter: ALl Interf: ] Add new subsystem to current system Ctrl+Shift+N
Push down...
ey Pullup
Tyee 2 LT Set Design Environment 3
=] %] |4 Errors | o
[x] [WERR10 0SYS miac? con? 0lRocet - S Bha e b
4 [ i ] » < »
v Allow Connection Editing

e

&  Lock Base Address

Figure 1-17 Rename the Nios Il processor

L Qsys - NEEK10_QSYS.qsys* (DAmy_first_niosil\NEEK10_QSYS.qsys) =lE

File Edit System Generate View Tools Help
g IP Catalog g - m z: System Contents S(%I Address Map 8(%| Interconnect Requirements S(%| Device Family $8| Parameters 83‘ = = =
I =) [« System: NEEKI0_QST5  Path: cpu reset I
a x il sy X v
Proiect a % | Vee  Comnections Name Description Export Clock Base End
rojec I
8 Few Component | B clk 50 [Clock Source
System X (=2 clk in ICLack Input clk exported
Library E B o clk in_recet [Reset Input razet
[ TEEKIOGSTS 1k Clock Output 1k 50
EBasic Funetions = © o i B
Arithmetic N clk_reset Reset Output
EBridges and Adaptors \ B epn Mios II Processor
Clacks; PILe and Resets A A= clk Clock Input clk_50
Configuration and Programming x Reszet Input
DA data_master Avalon Memory Mapped Master [clk]
“On Chip Memory instruction master |Avalen Memory Mapped Master [clk]
Altera On-Chip Flash irq Tnterrupt Receiver [e1x] IR 0
debug_reset_reguest [Reset Output [elk]
debug_men_slave  |Avalon Memory Mapped Slave [c1k] 0x0800 Ox0£EE
o Avalen FIFO Memory custom_instructi... [Custom Instruction Master
Avalon-ST Dusl Clock FI
Avalon-ST Multi-Channel —
1 [ 1 r
erarchy = o
-k -
=l in
=l in resst
-l resst 0 U1 b
< epn e 4t 7 W Current filter: All Interfaces
= clk
=8 custon_instruction mester |z m ==
=8 data_master
B= debug_mem_slave Type Path Meszage
=8 debug reset_request
= Sl 2
=8 instruction_master a Errors
- g [x] BEEK10_QSTS. cpu Reset slave is net specified Please select the reset slave
| t
n\. . o [x] NEEKL0_QSTS. cpu Exception slave is not specifisd. Please sslect the sxception sleve
1 [ m > 4 . | 3
S —

Figure 1-18 Establish the connection of clk and reset

11. Choose Library -> Interface Protocols -> Serial -> JTAG UART to add JTAG UART and
click Finish, as shown in Figure 1-19 and Figure 1-20.
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& Qsys - NEEK10_QSYS.gsys*® (Ik\my_ﬁrﬂ_niosii\NEEK:!.D_QS‘l’S.qsys]

File| Edit System Generate View Tools Help

1 1P Catalog % - o

Proiject
.J New Component. ..
[H-System
I.:ilira.rv
- @ TEEK10_Q57S
=] Basic Functions
[F-Arithmetiec
“Bridges and Adaptors
“Clocks; PLLs and Resets
“Configuration and Frogramming
~DMA
“On Chip Memory
[F+Simulation; Debug and Werification
[H-Bitee
[+-DSF
EI'"Ipterface Protocols
G-kudio & Video

[+-Rapi dI0
EH-Serisl

' Mwalon—5T Serial Peripheral Interface (SPI)
' SPT i3 Wire Serial)

' UART (RS-232 Serial Port)

“Iransceiver PHY

[#-Transceiver PLL

[#-Low Power

3 x|

m
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L JTAG UART - jtag_uart 0« o o =5

%R JTiC UART
Megotors altera_awvalon jtag uart

4

" Block Diagram M= M
] | Urite FIFO (Data from Avalon to JTAG) |
DShD' Sl Buffer depth (bytes): -54 v-
. IRQ thresheld:
Jtag_uart_| 8

Dﬂonstruct using registers instead of memory blocks

lock interm
" Read FIFD (Dats from JTAG to Avalom) |
II reset Buffer depth (bytes): |gg - I
valon_jtag_slave . :
avalon IRQ threshold: 2

Dﬂonstruct using registers instead of memory blocks

1 | 1 [ 3

s Warning: jtag mart 0 Jtag Usrt input clock need to be at least S0Mhz to operate proper

1 | (] [ »

| Camcel || Finish |

L ,

Figure 1-20 Settings of JTAG UART
12. Rename jtag_uart_0 to jtag_uart. Connect its clk and reset to the clk and clk_reset of clk 50,
respectively. Its avalon_jtag_slave is connected to the data_master of cpu. Figure 1-21 shows the

complete connections.
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L Qsys - NEEK10_QSYS.qsys* (DAmy_first_niosil\NEEK10_QSYS.qsys) =lE
[Ee) edit System Generate View Tools Hel
Sy: p
5 IP Catalog g - m z: System Contents S(%I Address Map &% | Intercomnect Reguirements &6 | Device Family &0 | Parsmeters & = = =
| a % || M0 System: NEEK10_0STS  Path: jtag nart. svalen_jtag slave I
Proiect a % | Vee  Comnections Name Description Export Clock Base End
roiec = I
U0 Few Component | B clk 50 [Clock Source
1 X (=2 clk in ICLack Input clk exported
b G2 =g clle in reset Reset Input reset
= —_— elk Clock Output elk_50
—T elk_reset Reset Output
i
B cpu Mios IT Processor
= clk Clock Input c1k_50
x reset Reset Input [clk]
emory Mapped . data_master Avalon Memory Mapped Master [clk]
Address Span Extende instruction master |Avalen Memory Mapped Master [clk]
Avelon8N Clock Crog ——  irg [Tntarrupt Receiver [e1x] IR 0
Avalon-MM DDR Memory dob . + [Reset Ontput [elk]
fveLon N Pigeline 1 ebug reset_request [Reset Outpul G
Avalon-Mh Uneligned ¢ debug_men_slave  |Avalon Memory Mapped Slave [c1k] 0x0800 Ox0£EE
AXT Bridge custem_instructi... [Custem Instruction Master
AXT Timeout Bridge 3 B jtzg mart \TTAG UART
! i o JTAG to Avalon Maste — clk Clock Input clk_50
4 I r reset Reset Input [clk]
o o p Doub - 0x0000
Edit irg Interrupt Sender [clk]
.. Hierarchy -5
M FEEK10_QSTS [NEEK10_Q5TS. gsys® ..
B clk I~
[H-B= reszet
=k clk 50 < " 3
-k
- Ak in bt 7 W Current filter: A1 Interfaces
Bl in resst 3 H
o Lk resst Wessages -g8
M
T Path [
ot e et ype = essags
(Slx] 2 Errors
%) HEEK10_QSTYS. cpu Reset slave is not specified Flease select the reset slave
o [x] NEEKL0_QSTS. cpu Exception slave is not specifisd. Please sslect the sxception sleve
4 1 + 4 [ n | +
2 Brecs, 0 ernem

Figure 1-21 Rename JTAG UART

13. Choose Library -> Basic Functions -> On-Chip Memory-> On-Chip Memory (RAM or
ROM) to add On-Chip memory, as shown in Figure 1-22 and Figure 1-23.
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AL Qsys - NEEK10_QSYS.qsys*® [D:Rmy_ﬁrst_ni::usii‘-..NFﬂﬂ_QS‘fS.qsys:
File Edit System Generate View Tools Help

4 x| &

Proiect

New Component. . .

"Ejrstem

Library

- @ NEEK10_QSTS

L;—_l"'Bglsic Functions

G-Arithmetic

"Eridges and Adaptors
"Clncks; PLL=z and BResets
"Cnnfig‘urati-:un and Programming
G+-DMA

=H0n Chip Memory

=@ MAltera On—Chip Flash

m

=@ Avalon FIFO Memory

-2 Awalon—5T Dual Clock FIFO

=@ Avalon—5T Multi-Channel Shared Memory FIFOD
=@ Awalon—5T Round Robin Scheduler

=@ Avalon—5T Single Clock FIFO

SO Chip Memory (RAM or ROM)

[F-Simulation; Debug and Verification

[H-Bitec

[+-DSP

El"'I:l;lterface Protocols

-Audio & Video

"Ethernet

"Interlaken

- JESD -
< | ] | 3

Figure 1-22 Add On-Chip Memory
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A& On-Chip Memory (RAM or ROM) —.onchip_memor)rZ_O hnam—_» u

%R  OnChip Memory (RAM or ROM)
Megotore altera avalon_onchip_memory2

|v

Block Diagram | M

|' Memory type
Type: FAM (Writable) =

D Show =ignals

onchip memoryQ 0 DDual—port access

Single clock operation
1< Read During Write Mode: DONT_CARE
i I Block type: ..!LITU -
esetl " ' '
attera_avalon_onchip_mermory2 =
Size
Data width: LT I—
f Total memory size: 4098 bytes

Minimize memory block usage (may impact fmax)

"~ Read latency |

Slave =1 Latency: 1 - I
Slave s2 Latency: 1

"~ ROM/BAN Memory Protectiom |
Reset Request: Enabled

"~ ECC Parameter |

Extend the data width to support ECC bits: .Disahled v.

" Memory imitislization |

fl [/]Initialize memory content

DEnahle non—defanlt initialization file
Type the filename (e g my _ram hex) or select the hex file using the file browser button.
User created inmitialization file:

onchip_mem. hex

DEnahle In-System Memory Content Editor feature

Instance ID: TOWE

Memory will be initialized from HEEE10_Q5Y5_onchip_memory2_0. hex

= e —

Figure 1-23 On-Chip Memory Box

16. Modify Total memory size to 102400 and uncheck “initialize memory content”, as shown in
Figure 1-24. Click Finish to return to the window as in Figure 1-25.
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A& On-Chip Memory (RAM or ROM) - onchip_memary2_0 hnam—— u

“ On-Chip Memory (RAM or ROM)

Megotore altera avalon_onchip_memory2

4 4
Block Diagram | H | [

|v

|' Memory type
Type: FAM (Writable) =

D Show =ignals

onchip_memory2_0 [ Dual-port access

Single clock operation

1< Read During Write Mode: DONT_CARE
i I Block type: ..!LITU -
esetl "
attera_avalon_onchip_mermory2 =
Size
Data width: LT I—

I Total memory size: 102400 bytes

Minimize memory block usage (may impact fmax)

"~ Read latency |

Slave =1 Latency: .1 - I
Slave s2 Latency: 1

"~ ROM/BAN Memory Protectiom |
Reset Request: Enabled

"~ ECC Parameter |

Extend the data width to support ECC bits: .Disahled v.

[+

—

Enable non—default initialization file
Type the filename (e g my _ram hex) or select the hex file using the file browser button.

User created inmitialization file: onchip_mem. hex

DEnahle In-System Memory Content Editor feature

Instance ID: TOWE

Thiz memory is not initialized during device programming.

Figure 1-24 Update the default settings of On-Chip Memory

17. Rename onchip_memory2_0 to onchip_memory2. Connect its clkl and resetl to the clk and
clk_reset of clk_50. Its sl is connected to the data_master and instruction_master of cpu. Figure
1-25 shows the complete connections.
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X Qsys - NEEK10_QSYS.qsys* (D:\my_first_niosil\NEEK10_QSYS.gsys) - e [E=REE
[l edit system Generate View Tools Help
m—_ﬁn 1= system Contents 83] Address Map &3 | Intercomnect Requirements & | Device Family &% | Parameters o0 = = =
I - x % ||| M0 System: NEEK10 0SS Path: onchip_memory2
Project % | Vee  Comnections Nane Description Export Clock Base End
“- I Few Component | B 1k 50 [Clock Source
Library X clk in ICLack Input clk exported
['Basie Funetioms B clk_in_reset Reset Input resat
E+0n Chip Memory
Altera On-Chip Flesh = clk Clock Output clk 50
elk_reset Reset Output
- B cpu Mios IT Processor
= clk Clock Input c1k_50
Avalon FIFO Memory x reset Reset Input [clk]
AvaloreST Dusl Cleck FIFO data_master Avalon Memory Mapped Master [clk]
Avalen=ST Multi-Channel S| instruction master |Avalen Memory Mapped Master [clk]
Avalon-ST Round Robin Seh irq [Tntarrupt Receiver [e1x] IR 0
Avalon-ST Single Clock FI
fon—chip ry (AN or Ol debug_reset_reguest [Reset Output [elk]
debug_mem_slave  |Avalon Memory Mapped Slave [c1k] 0x0800 0x0E£E
custom_instructi... |Custom Instruction Master
B jtsg uart ITTAG UART
clk (Clock Input clk_50
4 [ b reset Reset Input [clk]
avalon_jtag slave |Avalon Memory Mapped Slave [c1k] 0x0000 l0x0007
Edit irg Interrupt Sender [clk]
On—Chip Memory (RAM cr ROM)
T — m = elkl Clock Input elk_50
s1 lAvalon Memory Mapped Slave [c1ki] 0x0000 0x0££E
& clk =
= ki resetl Beset Input [elki]
B= clk in reset
& clk resst | 4 " ] 3
e o e 7 W Current £ilser: AL Interfaces
B~ avalon_jtag slave [
: ;::et Type Path Message
¥ o (Slx] 7 Errors
: cmu L [x] HEEK10_QSTS. cpu Reset slave is not specified Please select the reset slave
- :“ < [x] HEEKL0_QSTS. cpu Exception slave is not specified. Pleass select the exception slave <
4 1 + 4 [ [ | *
 Ereors, 0 Varnings

Figure 1-25 Rename the On-Chip Memory and establish connections via nodes

18. Click cpu from the component list on the right to edit its settings. Click the Vectors tab to
update Reset vector and Exception Vector, as shown in Figure 1-26, and click Finish.
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A& Qsys - NEEK10_QSYS.gsys™ (D:\my_first_niosii\NEEK10_QSYS.qgsys)

Edit System Generate View Tools Help

147 1P catalog 23] ]

System Contents i | Address Map 2 | Intercomnect Requirements

%

Device Family

%

[IE

Proiect

x| ¥

Few Component. ..
System

Library

o NEEK10_QSIS
‘Basic Functions
Arithmetic
Bridges and Adaptors
Clocks: PLLs and Resets
Configuration and Progra
IMA
SRy Chip Memory

% Mtera On-Chip Fl:

m

Avalon FIFO Memory _

System: NEEKI0_QSTS Path: cpu

Nios II Processor
altera nios2 genl

G el eos©T Tl1 P
] (] b
Edit... AP Add
e Hierarchy il
<l clk -
: ~Bm reset s
-4k elk 50
[ =& cll

B clk in
B clk in_reset
[ =@ cll_reset

-0 M

-4k jtag uart

m

[#- W= avalon_jtag slave
[ W= el

O W= irg

[H-B= reset

Pl e

Parameters

| »

Vectors | Caches and Memary Tnterfaces | Arithnetic Tnstructions | MM and WPU Settings | JTAG Debug | Advanced Features|

|v

Reset Vector

Reset wector memory: 'thip_memaryz_ s1 =
Reset wector offset: IJXUUUUUOGO .
Reset wector: D=x00000000

" Exception Vector _ -
Exception vector memory: onchip_memory2. sl -
Exception vector offset: Jx00000020
Exception vector Dx00000020

m

|v

Fast TLE Miss Exception Vector

Fazt TLE Miss Exception wector memory:

Fast TIE Miss Exception wector offset:

Fast TLE Miss Exception wector:

000000000

< 1

= Meszages g

Message

onchip_memory2 sl (0x0

0xfff) overlaps jtag mart avalon_jtag slave (0x0

0x7)

rnn Adahne mem =1 awa ((=R00

(e FEFY_avarlans amehin mamare? =1 (el

v FEF

n

5 Errors, 0 Warnings

Generate HDL. .. ] [ Finish ]

Figure 1-26 Update the settings of Nios Il processor

19. Choose Library -> Processors and Peripherals -> Peripherals ->P10O (Parallel 1/0) to open
add PIO component, as shown in Figure 1-27. Set the Width to 10 bits and click Finish, as shown

in Figure 1-28.
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AL Qsys - NEEK10_QSYS.gsys [D:\m}r_ﬁrst_niusii\NEw_QS‘fS.tlsysﬂ

[Ij'le Edit System Generate View Tools Help

1P Cataleg 2

- e

"Clu:-cks
[+ DMA
+-Bitee
+-DSP

[
[
[F-Interface
[
[
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= sriph

i, X
Project i
""" 'g New Component. ..
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E"'Eglsic Functions

[-Arithmetic
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"Eln Chip Memory
[+Simulation; Debug and Verification

Protocols
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"Emhedded Processors

"]'[E.'I:'d Processor Components
"]'[E.'I:'d Processor Systems
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Mtera Avalon LCD 18207

¢ Mtera Modular ADC core
' AMtera Modular Imal ADC core
' Interwval Timer

@ Lauterbach Trace Interface IF
-
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m
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ot e
L PIO (Parallel 10) - pio 0 T - - —

%k PI0 (Parallel 1/0)
MegaCore’ altera_awvalon pio

|v

Block Dizgram H

|v Basic Settings
Width (1-32 bits): 10

D Show =zignals

piU 0 Direction: @ Bidir I

() Input

lock () Indut

reset

@ Output

avalon Output Port Reset Walue: |g,0000000000000000

wternal_connection .
= onduit

|v Output Register |

DEnahle individual bit setting/clearing

|v FEdge captuore register |

Synchronously capture
Edge Type: RISING

Enable bit-clearing for edge capture register

|' Interrupt

Generate IRQ

IRQ Type: LEVEL

Level: Interrupt CPU when any unmasked I/0 pin is logic true
Edge: Interrupt CPU when any unmasked bit in the edge—capture
register iz logic true. Awailable when synchronmous capture is enabled

" Test bench wiring

Hardwire PI0 inputsz in test bench

Irive 1 nputs to: D0 0000000000000

Cancel || Finish

Figure 1-28 Set the Width to 10 bits

21. Rename pio_0 to pio_led and connect its clk and reset to the clk and clk_reset of clk_50. Its s1
is connected to the data_master of cpu, reset to clk_reset of clk_50. Double click the Export column
of external_connection to export the signal “pio_led_external_connection”. Figure 1-29 shows the
complete connections and changes.
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Qsys - NEEK10_QSYS.qsys*® (Dimy_first_niosil\NEEK10_QSYS.qsys)

£
E

ile] Edit System Generate View Tools Help

IP Catelog § ]

Project
Hew Component. ..
System

brary

° NEEXI0_G5T5

asic Functions

Arithmetic

Bridgss and Adaptors

Clocks: PLLs and Resets
Configuration and Programming
M

On Chip Memory

Simulatien; Debug and Verific
Bitec

-DSP

Interface Protecels

“Low Power

Memory Interfaces and Controller
“Processors and Peripherals
CoProcessers

Embedded Processors

Hard Processor Compenents
Hard Processer Systems
Inter-Frocess Communication
[} Peripherals

@ Altera Avalon LCD 15207
o om ] v

4 x| ¥

(eme ][22

!.,_ Hierarchy g -0

T =@ clk_reset

& cpu

EHLE jtag nart

= avalon_jtag slave
= clk

I~ system Contents XZI hddress Msp  ©% | Interconnect Requirements o0 | Device Family 0% | Parameters e
% || System: NEEKIO 0STS  Path: pio_led sxternsl_connection
Use  Connections Name Description Export Clock Base
4
=) E clk 50 Clock Source
b 4 == ok in Clock Ingut clk e rad]
B = clk_in_reset Reset Input reset
= —————< clk Clack Output clk 50
— clk_reset Reset Output
- B epn Nios IT Processor
= clk Clock Input clk 50
x reset Reset Input [elk]
——— data_master Avalon Memory Mapped Master [c1k]
— instruction_master |Avalon Memory Mapped Master [elk]
—_ irg Interrupt Receiver [elk]
debug_resst_request Reset Output [elk]
debug_men_slave Avalon Memory Mapped Slave [elk] 0x0800
custom_instruecti Custom Imstruction Master
E jtag mart JTAG UART
clk Clock Input clk_50
reset Reset Input [elk]
avalon jtag slave |Avalon Memory Mapped Slave [elk] 0x0000
— irg Interrupt Sender [elk]
E onchip_memory2 On-Chip Memory (RAM or ROM)
clkl Clock Input clk_50
s1 Avalon Memory Mapped Slave [elki] 0x0000
resetl Rezet Input [elkt]
B pio_led PI0 (Parallel I/0)
o clk Clack Input clk_50
G reset Beset Input [c1k]
[ s1 Avalon Memory Mapped Slave [clk] 0x0000
Condui t
4 m +
“l"’ fh 7 T Current Filter: All Interfaces
T Meszages & e =]
Message &l
-
data_master onchip memoryZ.s1 (0x0. Oxfff) overlaps jtag mart.avalon jtag slave (0x0..0x7) ‘E
data_master pio_led. sl (0x0. Oxf) overlaps onchip_memory2. s1 (0x0..0xfff)
dsta_master onchip memory2.s1 (0x0. OxfEf) overlaps pio_led. s1 (Ix0..0xf) il
4 [ n r

7 Errors, 0 Warnings

Figure 1-29 Connections and changes of PIO

22. Choose System -> Assign Base Addresses, as shown in Figure 1-30. The base addresses will
be assigned automatically and there should be no more error or warning message, as shown in

Figure 1-31.
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L Qsys - NEEK10_QSYS.qsys* (D:\my_first_niosit\ NEEK10_QSYS.qsys) S [ [ B ]
[Ele] Edit system Generate View Tools Help
TP Catslog § — of & F2 Systen Contents m Address Msp % | Interconnect Requirements o4 | Device Family &% | Parameters &% e
A x = | [a| Ml system: WEEKIO_GSTS  Path: cpu
Project P el tines Fame Description Export Clock Baze
'] Few Component. =) B clk 50 Clack Source
yaten b 4 == ok in Clock Ingut clk e rad]
i h‘:‘un‘:':}mu_ns‘fs &= =% ci];_)n_resel g:se]l‘ énpul reset e
[F-Basic Functions = ¢ Ot W B
Arithnetic clk reset Reset Output
a
Eridges and Adaptors cpu Nios IT Proc
Clocks; PLLs and Resets v clk Clock Input clk_50
Configaration and Programming = =z reset Reset Input [clk]
pLLY —_— data_master Avalon Memory Mapped Master [clk]
On Chip Memory — instruction_master |Avalon Memory Mapped Master [elk]
5 ls""“l““"“ Debug and Verifie —_ irg Interrupt Receiver [clk]
__D;P“ debug reset_request Beset Output [clk]
Tnterface Protocels debug_men_slave Avalon Memory Mapped Slave [c1k] 0x0800
“Low Power custom_instrueti. .. Custom Instruction Master cpu.debug_reset_request
Memory Interfaces and Controller — Bl jtag mart JIAG UART Reset Output [reset source 15.0]
“Processors and Peripherals clk Cleck Input Associsted clock:  cpuck Nk 50
CoProcessors reset Reset Input 5 ronous edges: Deassert [1k]
i g
Embedded Processors svalon jtag slave |Avalon Memory Mapped Slave [clk] 0x0000
Hard Processor Components - ire Interrupt Sender feud
Hard Processer Systems T omeni nChin W JTR—
Inter-Process Commumication onchip_memory2 mobiip Hemory or
5 Perigherals clkl Clock Input clk_50
5 Altera Avalon LCD 18207 ™ s1 Avalon Memory Mapped Slave [elkt] 0x0000
4 . * razetl Bezet Input [elkt]
B pio_led IO (Parallel 1/0)
Edit.. el Clock Input clk_50
reset Rezet Input [clk]
ﬂ}{; wrarchy = s1 Avalon Memory Mapped Slave [clk] 0x0000
o TE Fasat < external _connection (Conduit pio_led external commection
o]
[EH4F jtag mart
avalon_jtag slave 4 m r f
1k
:rq “l"’ fh 7 T Current Filter: All Interfaces
reset
SR pessages 7 | -t o
b Fe
deta_master onchip_memory2. s1 (Ox0. . OxfFE) overlaps jtag mart. avalom jtag slave (0x0. Ox7) ‘E
| |llasta_master pio_led s1 (0x0. Oxf) overlaps omchip_memory2. s1 (Ox0 . Oxfff)
_|[[|azta_master onchip_memory2. s1 (0x0. OxEEf) overlaps pio_led sl (DxD..0xf) il
< b < [ n r
T Ferors, 0 Narnings

Figure 1-30 Assign base addresses automatically

K10_QSYS.qsys (B:Amy_first_niosil\NEEK10_QSVS gsys)
Edit System Generate View Tools Help
§ TP Catalog — & &|| L2 systen Contents 2@‘ Addvess Map 5% | Interconmect Requirements 1% | Deviee Family &F | Parameters 5% - =
R = [ B System: IEEKIO QSIS  Path: cpu i
Pre F [Use  Comnections Tane Deseription Export Clock Base End I Tam
ject
9 Few Component | B clk 50 [CLock Seurce
System x =% elle_in IClock Tngut clk exported
rery (= =i cllc_in reset Reset Input reset
Basic Functions ook o e
e = ock Dutput 1k
157 N Resst Output
Tnterface Protocols Hios IT
Low Power ! IClock Input c1k_50
Menory Interfaces and Controllers =z reset Reset Input [clk]
Processors and Peripherals —_— data_master lavalon Memory Mapped Master [clk]
Qsys Interconnect — inctruction master |Avalon Memory Mapped Master [<lk]
:’5& —_— irq Tnterrupt Receiver [c1k] TR 0 TRQ 31
e debug reset_request [Reset Output [clk]
University Progran
debug men_slave  [hvalon Memory Mapped Slave [clk] 0x0004_0800 0x0004_OFEE
custem_instructi... [Custem Instruction Master
B jtag mart (TTAG VART
alk (CLock Input clk_50
reset Reset Tnput [k
avalon_jtag slave [Avalon Memory Mepped Slave [clk] 0x0004_1010 0x0004_1017
irg Tnterrupt Sender [clk]
Bl onchip_memory2 |On—Chip Memory (RAM or ROM)
clki (CLock Tnput clk_50
a1 lswalon Memory Mapped Slave [clk] 0x0002_0000 0x0003_BEEE
e ™ resetd Reset Input [clki]
B pio_led PI0 (Parsllel I/0)
alk (CLock Input clk_50
"‘u Hierarchy | == reset Resst Tnput [elk]
[0 §EEK10_gSTS [NEEK10_@STS. gaysl 51 lkvalon Menary Mapped Slave [<lk] 0x0004_1000 (0x0004_100£
O] external_commection [Conduit pio_led extermal c...
»= pio_led external_comnection a = ] D
- reset
LF clk 50 et 7 B carzeat filter: M1 Interfaces
L= —
IF jtag nart B2 Mezsages ‘ _ oo
4Tk onchip_memory2
T pioted Trpe Fath Message
1= Connections
« m »
0 Errors, 0 Warnings

Figure 1-31 No more errors or warnings
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23. Click Generate HDL.... button on the bottom right corner and a window will pop up, as shown
in Figure 1-32. Click Generate button and the process will begin, as shown in Figure 1-33. Figure
1-34 shows there is no error message during the process.

& Generation . — — — ﬁ

Synthesis |

Synthesis files are used to compile the system in a Quartus IT project
Create HDL design files for synthesis: Verilog w |
[ICreate timing and resource estimates for third-party EDA synthesis tools

[¥]Create block symbol file ( bsf)

[ Simmlation

The simulation model contains gensrated HIL files for the simulator, and may include simulation-only Features.
Create simulation model: Mone -
Mlow mixed-language simulation

Enable this if your simulator supperts mixed-language simulation

" Output Directory |
Path: D: fmy_Eirst_niosii/TEEKI0_QSTS )

Figure 1-32 Generate HDL files in Qsys

T T T -
[
A Generate " ’ - ﬁ

e e

@ Info: Saving generation log to DZ..I'mjr_first_ni-:-sii..I'I'I'EEKlU_QSYSIHEEKIU_QSYS_EEIL'
@Infn: Starting. Create block symbol file (. bsf)

@E Info: gsys—generate D:'my_first _niosii‘NEEKIO_QSTS. gsys ——block symbol-file -
@E Progress: Loading my_first_niosiifWEEKLID_QSTS. gsws

@Prng;ress: Beading input file

@E Progress: Adding clk 50 [clock source 15.0]

@E Progreszs:. Parameterizing module cll 50

@E Progress: Adding epu [altera nios2_gen? 15.0]

@ Progress: Parameterizing module cpun

@E Progress: Adding jtag uart [altera avalon_jtag uart 15.0] 3
4 [ b
Generate | |

Close

Figure 1-33 Generation process
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AL Generate Completed 2

o A e

TILO, L O e W LG T T WL T YO IS TEICI ST =0 Ak el & el LI e L

@' Info: rsp_demux_001: "sm_intercommect_0" instantiated alteras merlin_d i
@' Info: rsp_mux. “mm_interconmect 0" instantiated sltera merlin_multipl
@ Info: Reusing file D:fmy_first_mio=ii/HEEE1D_Q5YS5/synthesisfsubmoduly
@' Info: rsp_mux_001: “mm_intercommect_ 0" instantiated alters merlin_mul
@' Info: Reusing file D:fmy_first_miosiifHEEE10_Q5Y5/synthesi=z/zobmodul.
@' Info: avalon_st_adapter: "mm_intercommect_0" instantiated altera_sval
@ Info: error_adapter_0: “swvalon_st_adapter” instantiated error_adapter
@' Info: HEEK10_QSTS: Done "NEEELIOD_QSYS” with 29 modules, 49 files

IC@'Infn: ip—generate succeeded. Lo

IC@'Infn: Finished: Create HDL design files for synthesis
4| b

1

@ Fenerate: completed successfully.

Figure 1-34 Generation is complete and successful

25. Choose File -> New to open the dialogue and be prepared to add new files, as shown in Figure
1-35 and Figure 1-36.
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£, Quartus I1 64-Bit - D:/my_first_niosii/my_first_niosii - my_first_niosi

Compile Design

# Analysis & Synthesis

# Assembler (Generate programming files)

# TimeQuest Timing Analysis
# EDA Metlist Writer

% Program Device (Open Programmer)

MAX10 Neek My
Niosl| Manual

-
[
[+ @ Fitter (Flace & Route)
[+
[+
[+

30

Project Assignments Processing Tools  Window Help
Ctrl+ irst_niosi
= Gpen. ctri+0 i@ x|
Close Ctrl+F4 %
@ MNew Project Wizard... ity
[ OpenProject... Cirl+]
Sawve Project
Close Project
Save Cirl+5
Save As...
gl save Al Ctrl+shift+5
File Properties. ..
Create [ Update
Export...
Convert Programming Files. ..
[d] Page Setup...
&, Print Preview
= print... Ctrl+P
Recent Files :l 5
%, TP Components 4| }l
Recent Projects |
1ax
Exit Alt+F4
v | [customize... |
Task @

Figure 1-35 Select File -> New
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Mew Quartus II Project
4 Design Files
AHOL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Td Script File
|Verilog HOL File
WHDOL File
4 Memory Files
Hexadedmal (Intel-Format) File
Memary Initialization File
4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File
University Program YWF
4 (Other Files
AHDL Indude File
Block Symbaol File
Chain Description File
Synopsys Design Constraints File
Text File

ok || Cancel || Hep

Figure 1-36 Add new Verilog HDL File

33. Select Verilog HDL File and click OK to finish creating a blank .v file, as shown in Figure
1-37.
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@; Quartus I 64-Bit - D:/my_first_niesii/my_first_niosii - my_first_niosii lilﬂ‘g
File Edit View Project Assignments Processing Tools Window Help = Search altera.com @
DS E@ 453 9 o [yt Y L EFS T ron OO S 9P LS
Project Navigator 1ax ‘ & Verilog1.v ] | IP Catalog 1a x|
2 o | e o g =
@ X Bast s nfhomis 28 (2 »a X =
Entity 1 *| 4 & Instaled IP
/iy MAX 10: 10MS0DAF434C6GES 4 Project Directory
- my_ﬁrst_nins\i;l?l > System
4 Library
> Basic Functions
> Bitec
> DsP

> Interface Protocols

 Low Power

< i | > Memory Interfaces and Controllers

.
Ay Herarchy | E[Fles | 5 Designunits | % 1P Components 4| p

> Processors and Peripherals

> SLS
Tasks Rax| > University Program
Elow: [Compilation ,] [Custcmize.” l @ Search for Partner IP

Task 0]
4 = Compile Design
v @ Analysis & Synthesis
> @ Fitter (Place & Route)
> Assembler (Generate programming files)
> TimeQuest Timing Analysis
> W EDA Netlist Writer
\w Program Device (Open Programmer) I
T ] « [ 3 4 Add...

@ A& & T <cFiters>

Type ID Message

4 3
System J\_Processing f

100% 00:02:09

Ho x|~

Messages

Figure 1-37 A blank Verilog HDL file

34. Type in the following codes, as shown in Figure 1-38. The module NEEK10_QSYS comes
from NEEK10 _QSYS.v, which is generated in Qsys. Figure 1-39 shows the contents of
NEEK10_QSYS.v.

module my_first_niosii
(
CLOCK_50,
LEDR
);
input CLOCK_50;
output [9:0] LEDR,;
NEEK10_QSYS u0
(
.clk_50 (CLOCK _50),
. reset_reset_n (1'bl),
. pio_led_external_connection_export  (LEDR)
);

endmodule
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@z Quartus IT 64-Bit - D:/my_first_niosii/my_first_niosii - my_first_niosii E’

File Edit View Project Assignments Processing Tools Window Help Search altera.com @
DB H @ & 9 B 9 o myfistniosi LSS Pe Lren gdH Ee »
‘Pm]'ect Navigator Rax | L Verilog1.v¥ %] |
% Xl'm anar B f DA 08 B % | 23
Entity ; IT(lOdLlle my first niosii -~
=
iy TA)( 1[;: IDM.EDI?AMBA-CBGES 3 CLOCK_50,
my_first_niosii 4 LEDR
5 ;
(3 input CLOCE_50;
< [l | 3 7 output [9:0] LEDR;
4y Hierarchy | El Files | 4 4| )| g
Tasks rax| | 10

11 B NEEK10_QSYS ul(

Flow: |Compilation -

12 .clk clk (CLOCK_50),
13 .pio_led external connection export (LEDR), // pic
Task ; 14 .reset _reset n (1'b1)
4 P Compile Design E ig )i

[> P Analysis & Synthesis

I e Fittar (Dlaca 8 Brurta)
m 3 4 m 3

4
;"( ) (&) ® <<Flter>> 4 Find... | [fﬁFind Next

Type 1D Message

17 endmodule

1
|

< >
System /\_Processing /

Messages

Ln6  Col 38 Verilog HDL File 0% 00:00:00

Figure 1-38 Input verilog Text

ﬁ Quartus II 84-Bit - Dy/my_first_niosii/my_first_niosii - my_first_niosii C=ArE!
File Edit View Project Assignments Processing Tools Window Help 5 Search altera,com @
D@ % @9 o [myfst s LYY O ren QD AR @04 09
Project Navigator 18 x | & verlogivc [ | @ neEcw gsvsy @) 1P Catalog e x|
2 = . =
% X a0 oEDam S 2Es | > -a X =
Entity ; V7 wEzxio_gsys.v 2| 4 B nstalled P
i : o
ly MAX 10: 10MS0DAF 434CGGES 3 // Generated using ACDS version 15.0 145 = 4 Project Directory
2 my_frst_niosii %21 3 b System
5 ‘timescale 1 ps / 1 ps 4 Library
& [Hmodule NEEK10_Q5YS ( b BasicFunctins
7 input wire clk clk,
8 output wire [2:0] pio led_external connection I Bitec
2 input wire reset_reset n > DsP
i0 1 [» Interface Protocols
4 I Low Power
12 wire [31:0] cpu data master readdata;
« | i ] y|| 23 wire cpu_data master waitrequest; 1 Memary Interfaces and Controllers
= > 14 wire cpu_data master debugaccess; I Processors and Peripherals
[y Hierarchy | =) Files | # Design Units | 4 IPComponents 4| B o vire cou_data master address; b s
[Fasks §ax|| 16 wire cpu_data_master_byteenable; » University Program
17 wire cpu_data_master_read;
Fiow: [Cumm\aunn '] [customize... || 12 wire cpu_data_master_readdatavalid; @ search for Perer
18 wire cpu_data_master_write;
Task ] 20 wire cpu_data_master_writedata;
4 W Compie Design 21 wire cpu_instruction master_readdata;
» B Analysis &Synthesis 22 w:_Lre o cpu_:_msc:ucc:_mn_mascer_walcrequesc,
23 wire [13:0] cpu_instruction master_address;
b P> Fitter (Place &Route) 24 wire cpu_instruction_master_read:
[ W Assembler (Generate programming files) 25 wire cpu_instruction master_readdatavali
- B TimeQuest Timing Analysis 26 wire mm_interconnect_0_jtag_uart_avalon_
. Lo . .
> B EDA Netist Writer 27 W.'-I.I‘E 01 mm_?m:ercnnnect_o_j.\:ag_uart_avalon_
28 wire mm_interconnect 0_jtag_uart_ avalon
& Program Device (Open Programmer) 23 wire  [0:0] mm_interconnect 0_jtag_uart_avalen_ =
< m ] v« om > e Add...

T <<Fiter>>

23 (@) @ @)

Type ID Message

1 3
System Processing /

100% 00:02:09

Messages

Figure 1-39 The module NEEK10_QSYS generated in Qsys
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35. Choose File -> Save and save the Verilog HDL file as my_first_niosii.v, as shown in Figure

1-40.

Save As

+

<

Desktop

.

Libraries
Ay

Computer
C
@

Network

Savein: | I

Recent Places

Name
| .qsys_edit
db

my_first_niosii

I NEEK10_QSYS

<|
File name:

Save as type:

il

& ct B

Ex=

o O O

my_first_niosiiy

|Verilog HDL Files (*.v *vg *.verilog)

[v  Add file to current project

Figure 1-40 Save the Verilog HDL file

ﬂ Save |
ﬂ Cancel

36. Choose Project-> Add/Remove Files in Project and select NEEK10_QSYS.qip, as shown in
Figure 1-40. Click Add and then OK, as shown in Figure 1-40.
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Select File

o

@©-|; « Local Disk (D) » my first niosii » NEEK10 QSYS » synthesis »

v ‘ +5 | | Search synthesis

)

Organize ~ New folder £ - O '@'
14 Downloads Name Date modified Type
.« Recent Places
o | submodules 01/07/2015 16:35 File folder
SO NEEK10_QSYS.qip 01/07/2015 15:07 QIP File
-l Libraries
= NEEK10_QSYS.v 01/07/2015 15:07 Text Document
2*L Documents
@, Music
=L Pictures =
B videos
5 RETH
& Computer e

& Local Disk (C)
» Local Disk (D)
» Local Disk (E)

v 4 |

[ I o P P R Y

1) |

File name: NEEK10_QSYS.gip

hd lDesign Files (*.tdf *.vhd *.vhc Vl

\ Open { ‘ Cancel ‘

Figure 1-41 Choose NEEK10_QSYS.gsys

=" Settings - my first_niosii E@
General
[!Ihes . Select the design files you want to include in the project. Click Add All to add all design files in the

| ran.es project directory to the project.
4 P Settings
IP Catalog Search Locations . - -
File name: NEEK10_QSYS/synthesis/NEEK10_QSYS.qi
Design Templates _QSYS/sy 4 Q ap E] ( Add )l
4 Operating Settings and Conditic | | File Name Type Library  Design Entry/Synthesis Tool HC Add Al
Voltage my_first_niosii.v Verilog HDL File <None> Def
Temperature
4 Compilation Process Settings Remove
Incremental Compilation
4 EDA Tool Settings Up
Design Entry/Synthesis
Simulation Down
Formal Verification
Board-Level Properties
4 Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Setti
SSN Analyzer
< [0} | »
< T 3 K OK ) I Cancel l { Apply ] I Help

MAX10 Neek My
Niosl| Manual
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Figure 1-42 Add NEEK10_QSYS.qip
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37. Choose Processing > Start Compilation, as shown in Figure 1-43. Figure 1-44 shows the
compilation is successful.

@ Quartus I 64-Bit - D:EE Erst ME Ersl: niosii - m}r_‘ﬁrsl:_l_

File Edit Wew Project Assignments IPLocesshg | Tools  Window Help =

UE - & 5@ &

#) fu

|Pruject Mavigator

Q,

IR

Stop Processing

Start Compilation

Analyze Current Eile

Ctrl +5hift+C

Crl+L

Start

/% MAX 10: 10M50DAF484C5GES Lipdate Memory Initialization File

5 my_first_niosii 8 Compilation Report

Dynamic Synthesis Report

PowerPlay Power Analyzer Tool

SSM Analyzer Tool

S% @@

Receive Compilation Status Motifications

Cirl+R

Figure 1-43 Start Compilation

- — =
@ Quartus II 64-Bit - D:/my_first_niosii/my_first_niosii - my_first_niosii

:.IEIQ

Fle Edit View Project Assignments Processing Tooks Window Help 5 Search altera.com @
DEFEP $ @9 ¢ | i JEY - $FP O PR T EL PP A0
Project Navigator 18 x | e my_first_niosiiv [ | g Compilation Report - my_first_niosil [£] P Catalog e x
< K | [Table of Contents L Flow summary  [ISY =
E2 Flow Summary Flow Status
Entity 8 Flow Settings Quartus I1 64 Bit Version| # & Installed IP i
/By MAY 10: 10M50DAF484CEGES g ) Revision Name 4 Project Directory
> EE my._first_niosi ;@ R Flow Non-Default Global Settings Top-evel Entity Name b System
: Flow Elapsed Time Family 4 Library
= Flow OS Summary De\flce b Basic Functions
E| Flow Log Timing Models . b
. itec
b ] Analysis &Synthesis Total logic elements
b 3 At Total combinational fi [ Dsp
) Fiter Dedicated logic regis I Interface Protocols
:g Flow Messages Total registers  Low Power
1} Flow S d M i
oW Suppressed Messages Total pins [» Memory Interfaces and Controll
d U} [* [ ] Total virtual pins
= = [» Processors and Peripherals
Y Hierarchy | \ﬂ Files | " Design Units %, IP Components 4 bl I (CJ TimeQuest Timing Analyzer Total memory bits b as

Embedded Multiplier 9-bit|

Tasks

IR

-

Total PLLs University Program
Flow: [Compilauon v] [Customizem ] UFM blocks @) search for Partner P
ADC blocks
Task @ Time
L 4 P Compile Design 00:01:38
L > W Analysis & Synthesis 00:00:45
' [ B Fitter (Flace & Route) 00:00:30
I L [ B Assembler (Generate programming files) | 00:00:12
LY > I TimeQuest Timing Analysis 00:00:11
[ B EDA Netlist Writer
% Program Device (Open Programmer) d Uit C
[ || e Add... |
; @ ﬁ T <<Fiterss
1

Type ID

\D 332102 Design is not fully constrained for hold requirements

Message

Messages

3 \I‘D Quartus II 64-Bit TimeQuest Timing Analyzer was successful. 0 errors, 9 warnings -
\D 293000 Quartus II Full Compilation was successful. 0 errors, 312 warnings l—l
4 [T ] +
System /\_Processing (425) /
100% 00:01:38

Figure 1-44 Project is compiled successfully

39. Choose Assignments -> Pin Planner to open the pin planner, as shown in Figure 1-45. Figure
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1-46 shows the blank pins.

@3 Quartus II 64-Bit - D:/my_first_niosii/my_first_niosii - my_first_niosii

File Edit View Project | Assignments | Processing Tools Window Help &
J 2" Device... b &
e Hald 12" Settings... Crisshifte |—— ¥
Project Navigator } e h
Q ? A.55|gnment Editor Ctrl+5h!ft+A N
“# Pin Planner Ctrl+shift+N &= — — =
Er Remove Assignments... j1oS11
4y MAX 10: 10M50DAF484 i Back-Annotate Assignments...
> 8 my_first_niosii Import Assignments...
Export Assignments...
Assignment Groups...
%  LogicLock Regions Window Alt+L LEDR;
sm Design Partitions Window Alt+D
10
11 = NEEK10 QSYS u0(
12 .clk_clk
— 13 .pio_led external c
< Ly Y| 14 .resgt_rgset_n B
&y Hierarchy E| Files p|| 15 ) :
1

Figure 1-45 Open the Pin Planner

Named: * ¥ | «» | Edit: 7 | |Filter:[Pins: g

Node Name Direction Location I/OBank  VREF Group ftter Locatior [/O Standarc  Reserved |
. CLOCK_50 Input PIN_M8 2.5V .. fault) 1
=2 LEDR[9] Output PIN_E10 2.5V .. fault) 1
=2 LEDR[8] Output PIN_P13 2.5V .. fault) 1
=% LEDR[7] Qutput PIN_R13 2.5V ..fault) 1
=2 LEDR[6] Output PIN_P22 2.5V .. fault) 1
=4 LEDR[5] Output PIN_U22 2.5V .. fault) 1
=2 LEDR[4] Output PIN_W14 2.5V .. fault) 1
=2 LEDR[3] Output PIN_R22 2.5V .. fault) 1
= LEDR[2] Qutput PIN_AA14 2.5V ..fault) 1
=2 LEDR[1] Output PIN_AB14 2.5V ..fault) 1
_5"5 LEDR[0] Output PIN_U21 2.5V .. fault) 1

Figure 1-46 Blank Pins

40. Input Location and 10 Standard value for these plan pins, as shown in Figure 1-47.

Named: * - Edit: 4 |
Node Name Direction Location I/O Bank VREF Group tter Locatiot [JO Standarc  Reserved

in_ CLOCK_50 Input PIN_N5 2 B2_NO PIN_M8 3.3-VLVTTL
% LEDR[9] Output PIN_D5 8 B8_NO PIN_E10 3.3-VLVTTL
=t | EDR[8] Output PIN_C5 8 B8_NO PIN_P13 3.3-VLVTTL
= LEDR[7] Output PIN_B5 8 B8_NO PIN_R13 3.3-VLVTTL
. LEDR[6] Qutput PIN_C4 8 B8_NO PIN_P22 3.3-VLVTTL
=t L EDR[5] Output PIN_B4 8 B8_NO PIN_U22 3.3-VLVTTL
4 LEDR[4] Output PIN_A4 8 B8_NO PIN_W14 3.3-VLVTTL
=t LEDR[3] Output PIN_C3 8 B8_NO PIN_R22 3.3-VLVTTL
=t LEDR[2] Output PIN_A3 8 B8_NO PIN_AA14 3.3-VLVTTL
=% LEDR[1] Output PIN_B3 8 B8_NO PIN_AB14 3.3-VLVTTL
=t LEDR[0] Output PIN_C2 8 B8_NO PIN_U21 3.3-VLVTTL

Figure 1-47 Set Pins

41. Close the pin planner and re-compile the project.
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1.3 Download Hardware Design to MAX10 NEEK
Board

This section describes how to download the configuration file i.e the SRAM Object File (.sof)
which contains the Nios Il standard system to the board. The steps are:

1. Connect the board to the host PC via the USB download cable.
2. Connect the power adaptor to the board and turn it on.
3. Choose Tools-> Programmer in Quartus I1.

4. Click Hardware Setup on the top left comer of the Quartus Il programmer window and a
Hardware Setup dialog box will appear.

5. Select NEEK10[USB-1] from the Currently selected hardware drop-down list box, as shown in
Figure 1-48. Click Close.

Note: If the hardware NEEK10[USB-1] does not appear in the list, it is likely the driver has not
been installed. Please refer to Quartus Il Help on how to install the driver.

\% Hardware Setup @

Hardware Settings | JTAG Settings

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: lNEEKlG [USB-1] ']

. . No Hardware
Available hardware items NEEK10 [USB-1]
Hardware Server  Port Add Hardware...

NEEK10 Local UsB-1

Remove Hardware

Close

Figure 1-48 Hardware Setup
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6. Click Auto Detect on the right column and the device onboard should be detected automatically.

7. Choose 10M50DAES and click OK, as shown in Figure 1-49.

% Select Device @

Found devices with shared JTAG ID for device 1. Please select your device.
() 10M50DA

(@ 10MSODAES

() 10M50DC

() 10M50DF

Figure 1-49 Select Device

8. Right-click on the device and select Change File, as shown in Figure 1-50.

% Programmer - F:/SVN/neek10/cd/system-cd/Demonstrations/my_first_niosii/NEEK10_golden_top - NEEK10_
File Edit View Processing Tools Window Help &

Sei

lﬁ.Hardware Setup... | NEEK10 [USB-1] Mode: [JTAG 'l Progress: [

|| Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank- Examine Security Zre
% Start Configure Check Bit
<none> o o L
&t Stop fnone ; #  Delete Del
Select All Ctrl+A
i Auto Dete
5 Addrie..
% Delete l% Change File
[ = Save File
= Add ile.. Add IPS File...
Ch IPS File...
Change Fil AR | Dleto S File
o

Figure 1-50 Change File

9. Browse to the project directory \ my_first_niosii.

10. Select the programming file i.e. myfirst_niosii.sof, as shown in Figure 1-51.
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'ﬁ Select New Programming File -r'

Look in: l | . D:\my_first_niosii\output_files 'I O Q0 I @
W& My Compt|| Name ) | Size Type Date Modif
R Administr: @ my_first_niosii.sof 3.B so..le 01/0..7:46
my_first_niosii.pof 1..B po..le 01/0..7:46

4 [ I +
File name:  my._first_niosii.sof
Files of type: [Pr{}gramming Files (*.sof *.pof *.jam *.jbc *.ekp *.jic) ']

Figure 1-51 Select the programming file

12. Click the Program/Configure option, as shown in Figure 1-52.

’ﬁ Programmer - D:/my_first_niosii/my_first_niosii - my_first_niosii - [Chain1.cdf]* E’

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

[iHardware_f,etup...l NEEK10 [USB-1] Mode: [ITAG -] Progress: | |

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

5 File Device Checksum Usercode Program; Verify Blank- Examine Security Zrase ISP
Configure Check Bit CLAME
output_files/my_... 10M50DAF4... 0056DD... 0056DD... H B [ ] B B N

i Stop
i Auto Dete

% Delete

Add File..

Change File

I

[ Save File

Add Device 10M50DAF484ES
TDO

FY

T Up
Ui Down
Figure 1-52 Prepare to program myfirst_niosii.sof in Quartus Il programmer
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13. Click Start and wait for the Progress meter reaches 100%. When configuration is complete, the
FPGA is configured with the Nios Il system, but it does not yet have a C program in memory to
execute.
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Chapter 2
NIOS [/l Software Build Tools for

Eclipse

This chapter lists the steps to build Nios Il software program in C code and compile the project to
run on the Nios Il standard system from previous chapter on the MAX10 NEEK board. Users will
also learn how to edit the project, re-build it, and setup a debug session. The Nios Il Software Build
Tools (SBT) for Eclipse is a graphical user interface (GUI) which automates build and makefile
management. The Nios Il SBT for Eclipse integrates a text editor, debugger, the BSP editor, the
Nios Il Flash programmer, and the Quartus Il programmer. The example software application
templates included make it easy for new software programmers to get started quickly.

2.1 Create the hello_world Example Project

This section describes how to create a new NIOS Il C/C++ application project based on an example
which comes with the installation of Nios Il SBT. Please follow the steps below in Nios 1l SBT for
Eclipse:

1. Choose Tools->Nios Il Software Build Tools for Eclipse in Quartusll software.

2. Select a workspace and click OK, as shown in Figure 2-1.
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= Workspace Launcher @

Select a workspace

Eclipse stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session.

Workspace: D:\my_first_niosii\sof‘tware| - Browse...

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

OK ] l Cancel

Figure 2-1 Select a workspace in Nios Il SBT

3. Choose File->New->NIOS Il Application and BSP from Template from Nios Il SBT to open
the wizard for New Project .

4. There are three actions to be performed, as shown in Figure 2-2.

eBrowse to the target hardware system NEEK10 QSYS.sopcinfo under Target hardware
information.

eEnter the project name my_first_niosii.

eSelect the Hello World project template.
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< Nios II Application and BSP from Template =N CX
Nios II Software Examples

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

Target hardware information

SOPC Information File name: D:\my_first_niosil\NEEK10_QSYS.so m

CPU name: lcpu -

Application project

Project name: my_first_niosii|

Use default location

Project location: |D:\my _first_niosii\software\my_first_niosii

Project template
Templates Template description
Hello Freestandini » | Hello World prints "Hello from Nios I'  ~
Hello MicroC/OS-{E] to STDOUT. E
Hello World -
< m | > This example runs with or without the +
@ < Back Next > l [ Finish ] l Cancel

Figure 2-2 Select project template to start creating a new project

5. Click Finish and the Nios Il SBT for Eclipse will create a project named my_first_niosii, as
shown in Figure 2-3.
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= Nios II - my first_niosii/hello_world.c - Eclipse E@

File Edit Source Refactor Navigate Search Project NiosII Run Window Help

i glRigryar @y ByO0vya~E@me 7 v@aid il e
Quick Access Ej|
. = g =0 | oz ; = g
&5 Project Explorer # k¢ hello_world.c 2 o= Qutline 2
Sl v @ * "Hello World" example.[] ~ SHPR I NEIR

k=4

4 =% my_first_niosii

i Includes #include <stdio.h> = stdioh
[ hello_world.c int main() e main() : int
create-this-app {
& Makefile printf("Hello from Nios II!\n");
E readme.txt
return 8;

= my _first_niosii_bsp [NEE

}

B Console - B
LB B T&I B v

4

CDT Build Console [my_first_niosii]

3

4 T 3 4 T 3

Writable Smart Insert 2:1

Figure 2-3 Project named my_first_niosii is created

There are two new projects created in Nios Il SBT for Eclipse and shown in Poject Explorer on the
right:

m my first_niosii is the C/C++ application project. This project contains the source code and
header files for users’ application.

m my_first_niosii_bsp is a board support package which encapsulates the details of the Nios Il
system hardware.

Note: When a system library for the first time, the Nios Il SBT for Eclipse will automatically
generates the following files for software development:

e Installed IP device drivers, which includes SOPC component device drivers for the NIOS II
hardware system.

e Newlib C library, which is a richly featured C library for the Nios Il processor.

e Nios II software packages which include NIOS Il hardware abstraction layer, NicheStack TCP/IP
Network stack, Nios Il host file system, Nios Il read-only zip file system, and Micrium’s pC/OS-11
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real time operating system (RTQOS).
e system.h, which is a header file that encapsulates the hardware system.
e alt_sys_init.c, which is a file that initializes the devices in the system.

emy_first_niosii.elf, which is an executable and linked format file for the application located in
my_first_niosii folder under Debug.

2. 2 Build and Run the Program

This section you describes how to build and run the program to execute the compiled code. The
steps are:

1. Right-click the project my_first_niosii in Project Exploror and choose Build Project. The
Build Project dialog box will appear and the Eclipse will start compiling the project.

2. When the compilation is successful, a message [my_first_niosii build complete] will appear
in the Console window, as shown in Figure 2-4. The compilation time depends on users’
system.
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~ Nios 1T - my_first_niosii/hello_world.c - Edlipse E@

File Edit Source Refactor Navigate Search Project NiosII Run Window Help

ifi~ NEECERAE ACE ACESE A I AURS ST D=STth & B
Quick Access Ej’|
= Project Explorer 2 - = hello_world.c = = B B outline = - B
I3 ¥ @ * "Hello World" example.[] - = RN e ¥
< 2% my_first_niosii =
. Binaries #include <stdio.h> u stdio.h
- @ Indudes int main() e main() : int
- = obj {
- & hello_world.c printf("Hello from Nios II!\n");
- 4% my_first_niosii.elf - [altel
[ create-this-app return 8;
Makefile ¥
5 my_first_niosii.map
= my_first_niosii.objdumg o
5 readme.txt 4 )
- = my_first_niosii_bsp [NEEK]
£ Problems < Tasks & Console ¥ = Properties CoElEE-&I#B Yy Iy =0
CDT Build Console [my_first_niosii]
Into:

b5 KBYyTes tree for stack + heap. o
Info: Creating my_first_niosii.objdump

nios2-elf-objdump --disassemble --syms| --all-header --source my_firsi
[my_first_niosii build complete]

16:58:06 Build Finished (took 11s.479ms)

4 |m

< Tir P <4 |

Figure 2-4 The build of my_first_niosii is complete

3. After compilation is complete, right-click the my_first_niosii project and choose Run As ->
NIOS Il Hardware. The Eclipse will begin to download the program to the MAX10 NEEK

board. When the target hardware executes the program, a message 'Hello from Nios 11" will
appear in the Nios Il Console window, as shown in Figure 2-5.
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= Nios I - my first_niosii/hello_world.c - Edipse E@

File Edit Source Refactor Navigate Search Project NiosII Run Window Help

. [ Ey&Ey by @~y H vy Oy @y &S 5 v, I P R R
Quick Access Ej|
[t Project Explorer 2| = 5 [@ hello_world.c = 0 EOQutline ® s
Sk e @ * "Hello World" example.[] - SHE A R
4 i my_first_niosii -
. $* Binaries #include <stdio.h> u stdio.h
R . . e main() : int
! Includes int main() 0
© = obj {

+ [ hello_world.c

- 3% my_first_niosii.elf - [alt

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

El create-this-app return @;

Makefile

B my_first_niosii.map

}

E my _first_niosii.objdurr
E readme.txt
+ = my_first_niosii_bsp [NEEI
1 Nios II Console » 7= 0O

my_first_niosii Nios II Hardware configuration - cable: NEEK10 on localhost [USE-1] device ID: 1 instance ID: 0 name: jtaguart_0

Helle from Nies IT!

Figure 2-5 Niso Il Console display program output

2.3 Edit and Re-Run the Program

Users can modify the hello_world.c program file in the Eclipse, build it, and re-run the program to
observe the changes on the target board. This section shows how to make LEDR blink.

Please follow the steps below to modify and re-run the program:

1. In the hello_world.c file, add the lines of code in blue accordingly.
#include <stdio.h>

#include "system.h"

#include "altera_avalon_pio_regs.h"

int main()

{
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printf("Hello from Nios I11\n");
int count = 0;

int delay;

while(1)

{
IOWR_ALTERA_AVALON_PIO_DATA(PIO_LED_BASE, count & 0x01);
delay = 0;

while(delay < 2000000)

{

delay++;

}

count++;

ks

return O;

}

2. Save the project and re-compile the file by right-clicking my_first_niosii in the NIOS Il C/C++
Projects tab and choosing Run -> Run As -> Nios |1 Hardware.

Note: Users do not need to build the project manually, as the Nios 1l Eclipse automatically re-builds
the program before downloading it to the target board.

4. Orient the MAX10 NEEK board to observe LEDR blinking.

2.4 Why the LED Blinks

The Nios Il system description header file, system.h, contains the software definitions, name,
locations, base addresses, and settings for all components in the Nios Il hardware system. The
system.h file is located in the directory my_first_niosii_bsp, as shown in Figure 2-6.
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= Nios II - my_first_niosii_bsp/system.h - Eclipse E@

File Edit Source Refactor Navigate Search Project NiosII Run Window Help

.- GlEig ey dy@rigrOovAvies P vl id v il vt |
Quick Access Ej’|
& Project Explorer 2 = & [3 hello_world.c system.h & =5 Eoutlnem ~ 8
S - 1%V o %
[ hello world.c - =
## my _first_niosii.elf - /: ceU £1 i # _ SYSTEM_t ~
create-this-app " contiguration 5 = linker.h =
» Makefile * # ALT CPUA
my_first_niosii.mag # ALT_CPU_BI
my_first_niosii.objc #define ALT_CPU_ARCHITECTURE "altera_nios2_g # ALT CPU_BI
B readme.txt #define ALT_CPU_BIG_ENDIAN e # ALT CPUC
e f iosii bso [ #define ALT_CPU_BREAK_ADDR ©x©0440820 4 ALT CPU C
& my _first_niosii_dsp -"‘_ #define ALT_CPU_CPU_ARCH_NIOS2_R1 - -
& Includes = #define ALT_CPU_CPU_FREQ 50000000u # ALT_CPUC
& drivers #define ALT_CPU_CPU_ID_SIZE 1 # ALT_CPUC
= HAL #define ALT_CPU_CPU_ID VALUE exeeeeeeee . # ALTCPUC T
.. 4 [1ld b < | 3
[ alt_sys_init.c
linker.h B Nios II Console £ = x 7~ 0
System.h my_first_niosii Nios II Hardware configuration - cable: NEEK10 on locahost [USE-1] device ID: 1instance ID: 0 name: jtaguart_0
Create_this_bsp Hello from Nies II!
E linker.x
Makefile
i mamm e i el
] e 3
Writable Smart Insert 54:38

Figure 2-6 The location of system.h

The key part of system.h file for the Nios Il project example used in this tutorial is pio_led. This
function controls the LED and the Nios Il processor controls the PIO ports, which are connected to
the LEDs, by reading and writing to the register map. For the PIO, there are four registers: data,
direction, interrupt mask, and edge capture. The data register of PIO needs to be written to turn
on and off the LEDs.

The P10 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\altera\sopc_builder_ip\altera_avalon_pio.

When the altera_avalon_pio_regs.h file is included, several useful functions become available to
access the P10 core registers, especially the function

IOWR_ALTERA AVALON_PIO_DATA (base, data)

It can write to the P10 data register to turn the LED on and off. For more information about the PIO
core and other embedded peripheral cores, please refer to Quartus Il Version <version> Handbook
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\Volume 5: Embedded Peripherals.

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

2.5 Setup Debug Configuration

A debug configuration which specifies how to run the software needs to be created before users can
debug a project in Nios 1l SBT for Eclipse. The steps to setup a debug configuration are:

1. Set a breakpoint by double clicking the front of which line to be observed in hello_world.c, as
shown in Figure 2-7.

~ Nios II - my first_niosii/hello_world.c - Eclipse = | (5] :-.
File Edit Source Refactor MNavigate Search Project NiosIl Run Window Help
row E R E TS [ G v s O Qi S ) S e e - |-
Quick Access || E l@]
& Project Explorer B @ hello_world.c & [ systemh S0 ¥o. = 7B
=IE-Yi @ * "Hello World" example.| - 2 1% 8w e
4 & my_first_niosii -~ 7
i Binaries #include <stdio.h> u stdioh
#include "system.h" .
o) . tem.h
Lot #include "altera_avalon_pio_regs.h" . Sh
& obj int main() = U altera_ava
[ hello_world.c { e main() :in
% my _first_niosii.elf -| _ printf("Hello from Nios II!\n");
te-this- = . int count = B;|
i creiefll =eep ° int delay;
b Makefile while(1)
my_first_niosii.maf {
my.first_niosii.objc TOWR_ALTERA_AVALON_PIO_DATA(PIO_LED_BASE, count
[ readme.txt del:ay =6;
- . -~ : while(delay < 2000000) -
4 & my_first_niosii_bsp [}
] mr v < | m b
# Includes
& drivers Console M Nios Il Console 2 .r: » ~ =0
= HAL my_first_niosi Neos 1T Hardware configuration - cable: NEEX 10 on localhost [LISB-1] device ID: 1instance ID: 0 name: jtaguart_0
= a"_SyS_iﬂit.C Hello from Nies IT
I linker.h
B s smdaans b i
< 1} b
Writable Smart Insert 2355

Figure 2-7 Set a breakpoint

2. Right-click the application i.e. my_first_niosii and choose Debug as > Nios Il Hardware to
start the process.
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3. If a Confirm Perspective Switch message box appears, click Yes.

4. The main () function should appear in the editor shortly. A blue arrow next to the first line of code
indicates the execution stops at the line.

5. Choose Run-> Resume to continue execution.

When debugging a project in the Nios Il SBT for Eclipse, users can pause, stop or single step the
program. Users can also set breakpoints, examine variables, or perform other common debugging
tasks.

Note: To return to the Nios Il C/C++ project perspective from the debug perspective, click the icon
with two arrows >> on the top right corner.

2.6 Configure System Library

This section describes how to configure some advanced options about the target memory or other
things. All the available settings can be changed by following the steps below:

By performing the following steps, you can change all the available settings:
1. Right-click my_first_niosii_bsp in Nios Il SBT for Eclipse and choose Nios 11-> BSP
Editor.

2. The Main page contains settings related to how the program interacts with the underlying
hardware. The settings have names which correspond to the targeted Nios Il hardware.

3. 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 in the
Linker Script box, as shown in Figure 2-7. These settings determine which memory is used to store
the compiled executable program when running the my_first_niosii program. Users can specify
which interface to be used for stdio , stdin, and stderr. Users can also add and configure a RTOS for
users’ application and configure build options to support C++ or reduced device drivers, etc.

4. Choose onchip_memory2 for all the memory options in the Linker Script box, as shown in
Figure 2-8.
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= BSP Editor - settings.bsp E@ |

File Edit Tools Help

| Main I Software Packages I Drivers |:Linker 5cript || Enable File Generation | Target BSP Directory
Linker Section Mappings

. . z ) ) [ Add... ]
Linker Section Name Linker Region Name Memory Device Name
onchip_memory? onchip_memory2 e
reset onchip_memory2 [ Restore Defaults... ]
. exceptions onchip_memory2 onchip_memory2
hesp onchip_memory? anchip_memory?2
.rodata onchip_memory2 onchip_memory2
.rwdata onchip_memory2 onchip_memory2
. stack onchip_memory2 onchip_memory2
. text onchip_memory2 onchip_memory2
Linker Memory Regions
: : = : : [ Add... ]
Linker Region Mame Address Range Memory Device Name Size (bytes) Offset (bytes)
Remave...
onchip_memory2 0x00420020 - 0x00438FFF onchip_menory? 102368 32 -
Feset 0x00420000 - 0x0042001F P 32 ol Restore Defaults... ]
[ Add Memory Device. .. ]
Remove Memory Device...
[ Memory Usage... ]
[ Memory Map... ]
Grayed out entries are automatically created at generate time. They are not editable or persisted in the BSP settings file.
Information | Problems | Processing
@ Setting "hal.linker.interrupt_stack_memory_region_name” set to "onchip_memory2”, P
@ Setting "hal.linker.exception_stack_memory_region_name” set to "onchip_memaory2™,
@ Loading drivers from ensemble report.
(@ Mapped module: "cpu” to use the default driver version,
@ Mapped module: "pio_led” to use the default driver version.
@ Mapped module: “jtag_uart” to use the default driver version.
@ Finished loading drivers from ensemble report. |E|
@ Loading BSP settings from settings file. -
@ Finished loading SOPC Builder system info file ™..\.. \WEEK 10_Q5Y5.sopcinfo [relative to settings file]™ S
Generate ] [ Exit ]

Figure 2-8 Configure BSP

5. Click Generate then Exit to close the BSP Editor dialog box and return to the Eclipse
workbench.

Note: If users make changes to the system properties or the Qsys properties or the hardware, the
project must be rebuilt by right-clicking my_first_niosii_bsp ->Nios Il ->Generate BSP ->
ReBuild Project.
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Chapter 3
Program and Boot On-chip Flash

This chapter describes how to program and boot the on-chip Flash in MAX 10 device. The Nios Il
soft core process is configured to execute the code from the on-chip memory using Altera On-chip
Flash IP core.

3.1 Modify Project in Qsys

1. Choose Library -> Basic Functions-> On Chip Memory ->Altera On-Chip Flash, as shown
in Figure 3-1. Set Configuration Mode to Single Uncompressed Image and make sure the Initialize
flash content option is left unchecked, as shown in Figure 3-2. Click Finish.

% Qsys - NEEK10_QSYS.qsys (D:\my_first_nios|
File Edit System Generate View Tools Help

9 IP Catalog | -
L X
Proiect -~
8 New Comnonent. . .

H-Svstem

Lihrarv

—|lBasic Functions

+Arithmetic

+HBridees and Adaptors
+Clocks; PLLs and Resets
+Configuration and Programming
-+ DMA

—0n Chip Memorvy
----- Mi\ltera On—Chip Flash

m

""" * Avalon—ST Dual Clock FIFQ

""" * Avalon—ST Multi-Channel Sha

* Avalon—ST Round Robin Sched

""" * Avalon—5T 5ingle Clock FIFQ
@ On—Chip Memorv (RAM or ROM) —

4 1) »

Figure 3-1 Add Altera On-Chip Flash in Qsys
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4 Altera On-Chip Flash - onchip_flash_0

Altera On-Chip Flash
Mmoo altera_onchip_flash

|' Block Diagram | |' Parameters
[ Show signals Data interface: Parallel ~
Read burst mode: .Incrementing -]
onchip_flash_0 Read burst count: 5
clk lock
nreset | oot |'Configyration Mode
data | - on Configuration Scheme: Internal Configuration ¥
sl avalon Configuration Mode: CSingle Uncompressed Image )
altera_onchip_flash B

|v

Flash Memory

Sector ID Acceszsz Mode Addrezs Mapping Tvpe

1 Read and write (0x00000 — 0x0... UFM =
& Read and write 0x08000 - 0x0... UFM

3 Read only 0x10000 - 0x6... |UFM

NA Hidden NA CFM

NA Hidden NA CFM

|v

Clock Source

Clock frequency: 116.0 MHz

User is required to provide the clock frequemcy.
The on—chip flash megafunction will be run with 116000000.0 Hz clock frequency.

" Flash Initialization
DInitialize flash content )

|Enable non—default initialization file

« 4] i ,

Figure 3-2 Settings of Altera On-Chip Flash

2. Choose onchip_flash_0 and rename it to onchip_flash. Connect its clk and nreset to the clk and
clk_reset of of clk_50, respectively. Its data is connected to the data_master and instruction_master
of cpu and its csr is connected to the data_master of the cpu. Figure 3-3 shows the complete
connections.
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12 System Contents | Address Map % | Interconnect Reguirements
=| [a| M) System: NEEK10 QSYS Path: onchip flash. data
j'[; Use Connections Name Description Export Clock
x B e¢lk 50 Clock Source
= CH clk_in Clock Input clk export
'3 = clk_in_reset Reset Input reset
- — clk Clock Output clk 30
- — clk_reset Reset Qutput
= B cpu Nios II Processor
clk Clock Input clk_50
reset Reset Input Celk]
data_master Avalon Memorv Mapp... Celk]
instruction_master Avalon Memorv Mapp... Celk]
irag Interrupt Receiver Celk]
— debug_reset_reguest Reset Qutput [elk]
debug_mem_slave Avalon Memorv Mapp... Celk]
custom_instruetion... [Custom Instruction...
B jtag uart JTAG UART
clk Clock Input clk 50
reset Reset Input [elk]
avalon_jtag slave Avalon Memorv Mapp... [elk]
— ira Interrupt Sender [elk]
B onchip memory2 On—Chip Memorv (RA...
cllkl Clock Input clk 50
sl Avalon Memorv Mapp... Celkl]
resetl Reset Input Celkl]
E pio_led PI0 (Parallel 1/0)
clk Clock Input clk 50
reset Reset Input [elk]
z] Avalon Memorv Mapp... [elk]
< external connection |[Conduit pio led ext...
B onchip_flash Altera On—Chip Flash
cllk Clock Input clk 50
nreset Reset Input Celk]
Avalon Memory Mapp... Double—click
csT Avalon Memory Mapp. .. Cellk]

Figure 3-3 Rename onchip_flash and establish connections

3. Double click cpu to edit the Nios Il Processor component. Change Reset vector to onchip_flash.data as
shown in Figure 3-4.
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lSystem Contents ## [”‘! Parameters & | Address Map # | Interconnect Requirements &
System: NEEK10_QSYS Path: cpu

Nios II Processor
altera_niosZ_gen?

Main| Vectors | Caches and Memory Interfaceslﬁrithmetic Instructionslh{h‘ﬂj and MPU Se

|' Reset Vector

Reset vector memory: Qonchip_flash. data 9
Reset vector offset: OXOOOOOOOOI
Reset vector: 0x00000000

" Exception Vector

Exception vector memory: .onchip_memoryz_ sl -
Exception vector offset: 000000020
Exception vector: 0x00420020

" Fast TLB Miss Exception Vector
Fast TLB Miss Exception vector memory: |Naone v

Fast TLB Miss Exception vector offset: |0x00000000
Fast TLB Miss Exception vector: 0x00000000

Figure 3-4 Change Reset Vector

4. Choose System -> Assign Base Addresses and click Generate ->Generate HDL to generate the
HDL files in Qsys, as shown in Figure 3-5.

4 Generation @

|' Synthesis

Synthesis files are used to compile the system in a Quartus II project.
Create HDL design files for synthesis: |Verilog
DCreate timing and resource estimates for third-party EDA synthesis tools.

M]Create block symbol file (.bsf)

" Simulation

The simulation model contains generated HDL files for the simulator, and may include =i

Create simulation model: None -
Allow mixed-language simulation

Enable this if your simulator supports mized-language simulation.

|' Output Directory
Path: D:/my_first_niosii/NEEK10_QSYS

4 i | 3

( Generate ‘ Cancel

Figure 3-5 Generate HDL files in Qsys
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5. Open Quartus 11 and select Assignment -> Device -> Device and Pin Options -> Configuration.
Set Configuration mode to Single Uncompressed Image (3584Kbits UFM), as shown in Figure 3-6.
Click OK twice to exit the window.

g; Device and Pin Options - my_first_niosii @
Category:
General Configuration

Configuration

Programming Files Specify the device configuration scheme and the configuration device.

gﬂgf—???]r?gze Pins Configuration scheme: []nternal Configuration ‘]
Capacitive Loading Configuration mode: [Single Uncompressed Image (3584Kbits UFM) ‘]
Board Trace Model . )

1/0 Timing Configuration device

Voltage Auto

Pin Placement

Error Detection CRC
CvP Settings

Partial Reconfiguration Configuration device 1/0 voltage:

Use configuration device:
I Device Options ... l

D Force VCCIO to be compatible with configuration I/O voltage

Generate compressed bitstreams
Active serial clock source:

Enable input tri-state on active configuration pins in user mode

Description:

The method used to load a design into the device. Only one configuration scheme is available:
Internal Configuration (use internal flash).

oK l l Cancel l l Help l

Figure 3-6 Set the Configuration mode

6. Re-compile my_first_niosii project

3.2 Reconfigure Nios 1l BSP Editor

1. Right-click my_first_niosii_bsp in Nios Il SBT for Eclipse and choose Nios Il ->Generate BSP,
as shown in Figure 3-7.
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« Generating BSP... (my_first_niosii_bsp) | = | E X

Generating BSP... (my _first_niosii_bsp)

[ Always run in background

Run in Background} l Cancel ] l Details >>

Figure 3-7 Generate BSP

2. Right-click my_first_niosii_bsp and choose Nios Il -> BSP Editor, as shown in Figure 3-8.

= BSP Editor - settings.bsp E@

File Edit Tools Help

Software Packages I Drivers I Linker Script I Enable File Generation | Target BSP Directory

SOPC Information file: ..\..\NEEK10_QSYS.sopcinfo
CPU name: cpu

Operating system:  Altera HAL Version: :default V:
BSP target directory:  D:'my_first_niosii\software\my_first_niosii_bsp

|E--S_etting5 || nal ~
Slcommon | ol sys_clk_timer: D
[Hhal _CIK_] - none ¥
-5ys_clk_timer ) o r .
timestamp_timer:
~timestamp_timer (= [mone |
iﬂ?ut stdin: Jtag_uart ¥ =
stderr ) = stdout: ftag_uart ¥
-gnable_small_c_library - L :
~enable_gprof stderr: jtag_uartt w
-enable_reduced_device_drivers - -
~enable_sim_optimize ["] enable_small_c_library T
[FHinker
enable_exception_stack [T enable_aprof
exception_stack_size . i |_| enable_reduced_device_drivers
exception_stack_memory_region_
enable_interrupt_stack |_| enable_sim_optimize
nterrupt_stack_size _ - || nallinker
nterrupt_stack_mermory_region_i
4 | 1 | 3 || enable_exception_stack -

Information | Problems I Processing|

@ Found Flash Memory: onchip_flash_data for CPU: cpu

@ Loading drivers from ensemble report.

@ Mapped module: “cpu” to use the default driver version.

@ Mapped module: "onchip_flash™ to use the default driver version.
@ Mapped module: "pio_led” to use the default driver version.

@ Mapped module: “jtag_uart” to use the default driver version.
(@ Finished loading drivers from ensemble report, ol
@ Loading BSP settings from settings file, [

m nished loading S0 oulg I_Illlll' fy i elative to setdi el” -
Generate H Exit ]

Figure 3-8 Choose BSP Editor

3. Go to Settings-> Advanced ->linker to expand the list and set the options of hal.linker according
to Figure 3-9.
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= BSP Editor - settings.bsp E@

File Edit Tools Help

Main | Software Packages I Drivers I Linker Scriptl Enable File Generation | Target BSF Directory

SOPC Information file:  ..\..\NEEK10_Q5YS.sopdinfo
CPU name: cpu
Operating system: Altera HAL Version: :defau\t V:
BSP targetdirectory:  D:\my_first_niosii\softwaremy_first_niosii_bsp

[=]-5ettings hal.linker

[=FComman

C HEhal |7| allow_code_at_reset

E}.gﬁgced [¥] enable_alt_load
-miax_file_descriptors ’7‘ enable_alt_load_copy_rodata
--enable_instruction_related_exceptions_a

| - - —EXcentions_ap [¥] enable_alt_load_copy_rwdata

-enable_exit [¥] enable_alt_load_copy_exceptions

-~enable_clean_exit
--gnable_runtime_stack_checking
-enable_c_plus_plus
--gnable_lightweight_device_driver_api
--gnable_mul_div_emulation
-enable_sopc_sysid_check
--custom_newlib_flags

--|log_flags

Extinke ]

[+ make

< | 1 »

Information | Problems | Processing|
@ Found Flash Memory: onchip_fiash_data for CPU: cpu
@ Loading drivers from ensemble report.

@ Mapped module: "cpu” to use the default driver version,
@ Mapped module: "onchip_flash” to use the default driver version,

< |

Generate ] [ Exit

Figure 3-9 Set the options of hal.linker

4. Click on the Linker Script tab in Nios Il BSP Editor. Set the .text item in the Linker Section
Name to the Altera On-chip Flash in the Linker Region Name. Set the rest of the items in the Linker
Section Name list to Altera On-chip RAM, as shown in Figure 3-10.
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- BSP Editor - settings.bsp

File Edit Tools Help

| Main I Software Packages I Drivers| Linker Script | Enable File Generation | Target BSP Directory
Linker Section Mappings

) ) A ) ) . ( Add... |
Linker Section Name Linker Region Mame Memaory Device Name
R
-bss onchip_memory2 onchip_memory2 [ EMONE ]
. entry reset onchip_flash data [ Restore Defaults... ]

. exceptions onchip_memory2 onchip_memory2

heap onchip_memory2 onchip_memory2
.rodata onchip_memary2 onchip_memory2
.rwdata onchip_memory2 onchip_memory2
| stack onchip_memory2

onchip_memory2

onchip_flash data onchip_flash_data

Linker Memory Regions

i
Linker Region Name Address Range Memory Device Name Size (bytes) Offset (bytes) [ Bl ]
onchip_memory2 0x00120020 - 0x00138FFF  |onchip_memory2 102368 32 Snave
onchip_memory2_BEFORE_EECEPTION 0x00120000 - 0x0012001F onchip_memory2 32 1] [ Restore Defauls. .. ]
onchip_flash data 0x00080020 - OxOO0OEFFFF onchip_flash_data 458720 32
reset 000080000 - 0x0008001F onchip_flash_data 32 0[

Add Memory Device. .. |

Remove Memory Device...

[ Memory Usage... ]

[ Memory Map... ]
Grayed out entries are automatically created at generate time. They are not editable or persisted in the BSP settings file
Information | Problems I Processing
(@ Finished loading drivers from ensemble report. -~
(@ Loading BSP settings from settings file.
@ Finished loading SOPC Builder system info file ™.\, \NEEK10_Q5YS.sopcinfo [relative to settings file]™ =
@ Changed mapped section ".text” from memary region "onchip_memory2" to memary region "onchip_flash_data”. S

Generate ] [ Exit

Figure 3-10 Setup the Linker Script

5. Click Generate and then Exit.

6. Right-click on my_first_niosii in Nios Il SBT tool and click Make Targets -> Build..., as
shown in Figure 3-11. Select mem_init_generate and click Build to generate the HEX file.
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= Nios I - my first_niosii/hello_world.c - Eclipse

File Edit Source Refactor Navigate Search Project NiosII Run Window Help

i

|@§@vﬁﬁvgv@,’vg#@vﬁv%vgggd'vg - -

w =T 4 v
B Pro BEg|e Y=
& Project Explorer & ¢ hello_world.c =
‘.bc . P L P B | 11 1d” exam le_
e New v [ P U
1
o1 Go Into i0.h>
g Iﬂ-' I w
: Open in New Window fem.h . "
&o 2ra_avalon_pio_regs.h
- & hl &2 Copy Ctrl+C
. e Paste Ctrl+V
5 a % Delete Delete | Trom Nios II!\n");
Yy Remove from Context Ctrl+Alt+Shift+Down P
Bn Source >
B Move...
Rename.. F2 UALON_PIO_DATA(PIO_LED_BASE,
< Ju
4 my | 2 Import... 2000000)
@ In & Export...
“&d  Build Project
“&=H  (lean Project
i a &) Refresh F5
T Close Project
R Close Unrelated Projects
se Build Configurations v
l Make Targets > Create...
N Index »|  Build.. Shift+F9
e Show in Remote Systems view Rebuild Last Target F9

Figure 3-11 Generate the HEX file

3.3 Programming On-chip Flash

1. Click File->Convert Programming Files in Quartus Il, as shown in Figure 3-12.
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@3 Quartus II 64-Bit - D:/my _first_niosii/my_first_niosii - my_first
File | Edit View Project Assignments Processing Tools Windoy

& Open... Ctrl+0

Close Ctrl+F4

R

2| New Project Wizard... u
& Open Project... Ctrl+J module my_

Save Project = o

a Project

ose Proje { O
= Save Ctrl+5 ) ;

Save As... input
@ Save All Ctrl+Ghift+s | output [9:

File Properties...

Create / Update 4

Export... H NEEK10 QS

Convert Programming Files... ) ci_l K

.pio
] Page Setup... .res
4 Print Preview )i
& Print... Ctrl+P
endmodule

Recent Files 4

Recent Projects r

Exit Alt+F4

4 Compile Design
> Analysis & Synthesis
> P> Fitter (Place & Route)

e a [N e

Figure 3-12 Open the programming file to be converted

2. Set Programming file type to Programmer Object File(.pof) and Mode to Internal
Configuration, as shown in Figure 3-13.
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t&?‘r Convert Programming File - D:/my _first_niosii/my_first_niosii - my first_niosii E@

File Tools Window Search altera.com @

Fe

Specify the input files to convert and the type of programming file to generate. L
You can also import input file information from other files and save the conversion setup information created here for
future use.

Conversion setup files

Open Conversion Setup Data... l l Save Conversion Setup... ]

Output programming file

Programming file type: [ngrammer Object File (.pof) 'I =
Options/Boot info... | Configuration device: EPCELG Mode: Internal Configuration 'I
File name: output_file.pof E

Advanced... Remote/Local update difference file: NONE

Create Memory Map File (Generate output_file.map)

Create CvP files (Generate output_file.periph.pof and output_file.core.rbf) | O
D Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties start Address Add Hex Data

SOF Data Page_0 <auto>
Add Sof Page

A 11

Figure 3-13 Settings of Convert Programming File

3. Click Options/Boot info..., and the dialog of MAX 10 Device Options will appear. Choose
Load memory file for UFM source and browse to the generated Altera On-chip Flash HEX file
(onchip_flash.hex) in the File path, as shown in Figure 3-14. Click OK.
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tﬁ Convert Programming File - ‘:El_ﬂ"_f Max 10 Device Options @

Power On Reset scheme: |Instant ON v] I
Specify the input ﬁles_ to convert g Set I/O to weak pull-up prior usermode
You can also import input file infd here fi
future use. Auto-reconfigure from secondary image when initial image fails
Conversion setup files [ ] Use secondary image ISP data as default setting when available
Open Conve Security h Setu

] verify protect
] Allow encrypted POF only

Programming file type: |Progra
Dual Config

([Options;’Boct info..) Configy Enable watchdog ernal (

Output programming file

File name: output Watch value:

l Advanced... l Remoteq

User Flash Memory

Crg vT

FM source: [Load memory file
Creg

] ord File path: ‘e/my_first_niosii/mem_init/onchip_flash.hex E]

Input files to convert Description:

- New memory file path used as UFM data
File/Data area

50F Data A

Ok l l Cancel ——

Figure 3-14 Set Load memory file as UFM source

4. Click Add File from the Input files to convert section and point to the generated Quartus Il .sof
file my_first_niosii.sof, as shown in Figure 3-15. Click Generate to create the .pof file, as shown
in Figure 3-16.
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IIEI" Select Input File @
Look in: l | D:\my_first_niosii\output_files '] (> 1 @
& My Compt Name ) Size Type Date Modif
& Administre my_first_niosii.sof 3..B so..le 30/0..0:34

<lm] o
File name: | Open
Files of type: [SRAM Object Files (*.sof) v]

Figure 3-15 Select my_first_niosii.sof

ﬁ_“?‘rConvert Programming File - D:/my_first_niosii/my_first_niosii - my_first_niosii E@

File Tools Window Search altera.com )
LUpUt pruygrarmmnmninyg e =
Programming file type: IPngrammer Object File (.pof) ']
Configuration device: |EPCEL6 ~ | Mode: [Internal Configuration ']

File name: output_file.pof E]

Remote/Local update difference file: NONE i i

Create Memory Map File (Generate output_file.map)
Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)
|| Create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties start Address Add Hex Data

4 SOF Data Page_0 <auto>

my_first_niosii.sof 10M50DAF484ES Add Sof Page

m

Add File...
Remove
Up
Down

Properties

( Generate N Close H Help g
| — 57

Figure 3-16 Click Generate to create the .pof file

5. Choose Tools> Programmer in Quartus Il and click Hardware Setup. Choose Neek10[USB-1]
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and click Add File. Choose output_file.pof, as shown in Figure 3-17.

% Select Programming File @
Look in: | . D:\my_first_niosii 'l Q0 @
& My Compt Name ) Size Type Date Modif
& Administr: output_file.pof 1..B  po..le 01/0...0:33

| software Fi...er 30/0...1:58
| simulation Fi...er 30/0...5:54
| output_files Fi...er 30/0..1:32
| NEEK10_QSYS Fi..er 01/0...4:58
| my_first_niosii Fi...er 30/0..3:05
| incremental_db Fi...er 30/0...3:56
. db Fi...er 01/0...8:40
| .qsys_edit Fi..er 30/0..1:11
«|m | »

File name: output_file.pof

E
N/

Files of type: [ngramming Files (*.sof *.pof *.jam *.jbc *.ekp *.jic) '] Cancel

Figure 3-17 Choose output_file.pof file

6. Check the Program/Configure option in Programmer for output_file.pof .Click Start to begin
the programming, as shown in Figure 3-18.
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’& Programmer - D:/my_first_niosii/my_first_niosii - my_first_niosii - [Chain2.cdf]*
File Edit View Processing Tools Window Help =

E=EEEE <)

Search altera.com @

INEEK10 [USB-1

. Hardware Setup... Mode: ’]TAG

- Progress:

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

IPS File

5 File Device Checksum Usercode Program; Verify Blank- Examine Security Zrase ISP
Zonfigure Check Bit CLAMF

do output_file.pof  10M50DAFA... 0213F909 00000000 [/ C C

op CFMO ¥ C [

" v
4 Auto Detel UM [ [ [

% Delete

< | i

Add File..

11

Change File

[l Save File

Add Device

o up

T4 Down

Figure 3-18 Program output_file.pof

7. Turn off the board and turn it on again. The LEDs should be blinking.
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