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Chapter 1  Hardware Design

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

1.1 Required Features

The Nios Il processor core is a soft-core central processing unit that you could program onto an
Altera field programmable gate array (FPGA). This tutorial illustrates you to the basic flow
covering hardware creation and software building. You are assumed to have the latest Quartus Il
and NIOS Il EDS software installed and quite familiar with the operation of Windows OS. If you
use a different Quartus Il and NIOS 1l EDS version, there will have some small difference during
the operation. You are also be assumed to possess a DE2i-150 development board (other kinds of
dev. Board based on Altera FPGA chip also supported).

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 1/0 (P10O), be used as indicators

1.2 Creation of Hardware Design

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

1. Launch Quartus Il then select File->New Project Wizard, start to create a new project. See
Figure 1-1 and Figure 1-2.
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Quartus IT JF2-bat

&= Edit Wew Project Assignments Processing  Tools  Window

O Mew... Cirl4+M "
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= @& x|
Close Cirl+F4
@ Open Project. .. Cirl+]
Save Project
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& save Cirl45
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Starts the Mew Project Wizard

Figure 1-1 Start to Create a New Project
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4 New Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]
Whatis the working directory for this project?

[...]
What is the name of this project?
| [--.]
What is the name of the topdevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
| [--.]
’gse Existing Project Settings. ..

[ < Back ] [ Mext = ] l Finish l l Cancel l [ Help

Figure 1-2 New Project Wizard

2. Choose a working directory for this project, type project name and top-level entity name as
shown in Figure 1-3. Then click Next, you will see a window as shown in Figure 1-4.
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New Project Wizard

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

Whatis the working directory for this project?
|D:My_First_NiosIT [

What is the name of this project?
|My_First_NioslI [

What is the name of the topdevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.

|My_First_MiosLl] [..]

’gse Existing Project Settings. ..

[ < Back H MNext = H Finish ” Cancel ” Help ]

Figure 1-3 Input the working directory, the name of project, top-level design entity
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4 New Project Wizard

Add Files [page 2 of 5]

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

File name: |[:] Add
File Mame  Type Library @ Design Entry/Synthesis Tool HOL Version Add Al

Remove

Up
Down

Properties

Spedfy the path names of any non-default libraries.

[ < Back H MNext = H Finish ” Cancel ” Help

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

3. Click Next to next window. We choose device family and device settings. You should choose
settings the same as the Figure 1-5. Then click Next to next window as shown in Figure 1-6.
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New Project Wizard

Family & Device Settings [page 3 of 5]
Select the family and device you want to target for compilation.
Device family Show in "Available devices' list
Family: |Cydnne IV GX vl Package: |,.5,m.- v|
Devices: |AII | Pin count: |An\,r v|
Target device Speed grade: |'b'n\"' v|
() Auto device selected by the Fitter Mame filter: | |
(%) spedfic device selected in 'Available devices' list Show advanced devices HardCopy compatible only
Other: nfa
Available devices:

Hame Core Voltage LEs User 1/0s GXB Transmitter Channel PMA GXB Receiver Channel PMA -
EP4CGX150CF2317 | 1.2V 143760 | 237 4 4 1
EP4ACGX150DF27CT | 1.2V 149750 | 426 3 8 1
EP4CGX1500DF27CS | 1.2V 149760 |426 3 3 1
EP4CGXK1500DF27I7 | 1.2V 143760 3 3 1
EP4CGX150DF31C7 143760 m__l
EP4CGX150DF31C8 | 1.2V 149750 | 508 1
EP4CGX150DF31I7 | 1.2V 149760 | 508 3 1w
< >

Companion device
HardCopy:
Limit DSP & RAM to HardCopy device resources
[ < Back ] [ Mext = ] l Finish l l Cancel l [ Help

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

EDA Tool Settings [page 4 of 5]
Specify the other EDA tocls used with the Quartus II software to develop your project.
EDA tools:
Tool Type Tool Mame Format(s) Run Tool Automatically
Design Entry/Synthesis | <Mone= [l <Mone= Run this tool automatically to synthesize the current design
Simulation <MNone> Run gateevel simulation automatically after compilation
Formal Verification <Mone =
Board-Level Timing <Mone> ~

Symbal <Mone > L

Signal Integrity <Mone > ~

Boundary Scan <Mone > ~

[ < Back ] [ Mext = ] l Finish l l Cancel l [ Help

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

4. Click Next and will see a window as shown in Figure 1-7. Figure 1-7 is a summary about
our new project. Click Finish to finish new project. Figure 1-8 show a new complete project.
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New Project Wizard

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

Project directory:

Project name:

Top-level design entity:
Mumber of files added:

Mumber of user libraries added:
Device assignments:

Family name;

Device:
EDA tools:

Design entry/synthesis:

Simulation:

Timing analysis:
Operating conditions:

VCCINT voltage:

Junction temperature range:

D:/My_First_MiosIl
My_First_MiosII
My _First_MNiosII

1]

1]

Cydone IV GX

EP4CGX150DF31C7

<Mone: (<Mane =)
<MNone> (<Mone =)

0

LV

0-85 =C

MNext =

Finish

; l Cancel

J

Help

Figure 1-7 New Project Wizard: Summary [page 5 of 5]
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D:/My_First NiosII/My First NiosII

32-bat
T WY W T —
et ivagater o8
| [enmy
| |y lcyeere tv co: e 1saneate
- My Frst Nesll
< Bl

& Tme A

= P Compie Do
T
0 it St
B e epert
P cushyis B Esburaton
i W passon Mange
% 1 hetint Viewers.
@ W Desgp dasns (st dappng)
& P 10 Aasgrment Analyss
| & W Ealy Tesng Extmase |
& P Fitter (Place & Route) ~
s =

[al
1@ zype Message

Figure 1-8 A New Complete Project

5. Choose Tools > Qsys to open new Qsys system wizard . See Figure 1-9 and Figure 1-10.
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Ny First RiosII/Ny First Nio=I1l — Ny First Nio=IT

ents  Processing MGLEM Window Help &

e cu @ Fun Simulation Toaol k % % @

2 Launch Simulation Library Compiler
. Launch Design Space Explorer

{I} TimeQuest Timing Analyzer

Advisors k

@' Chip Planner (Floorplan and Chip Editor)
@ Design Partition Planner
Metlist Viewers k

‘E SignalTap II Logic Analyzer

#w In-System Memory Content Editar

|E| Logic Analyzer Interface Editor

E| In-5ystem Sources and Probes Editor
SignalProbe Pins...

@ Programmer

] @ﬂ ITAG Chain Debugger

E Transceiver Toolkit

sign Units | & External Memory Interface Toolkit

+\ MegaWizard Plug-In Manager

- [ Mios II Software Build Tools for Edipse
#3Jl SOPC Builder

%, Td Saipts...

Customize...
Qptions. ..
License Setup...

wration

1t (Post-Mapping)

PR TSI PR .

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

Component Library

N

x|

Project

Library

t-Bridges

§-Clock and Reset
t/--Configuration & Programming
H-D5P

+-Embedded Processors
H-Interface Protocols

t/-Microcontroller Peripherals
t-Peripherals

H-PLL

+--Qzys Interconnect

H-5LS

H-Werification

[#-Window Bridge

<l i |

[#--Memories and Memory Controliers

Edit.. e Add.

System Contents | Adaress Map | Clock Settings | Project Settings | Instance Parameters | System inspector | HDL Example | Generstion

4 H4r M WX+

Use  Conn. Name Description Export Clock
E clk_0 Clock Source
clk_in Clock Input clk
clk_in_reset Reset Input reset
— ck Clock Qutput clk_0
H— clk_reset Reset Output

< Il

Messages |

0 Errors, 0 Warnings

Figure 1-10 Create New Qsys System

6. Save as the System as shown in Figure 1-11.
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ji-B Edi System Miew Toole Help

New System... Ctrl+ll

New component...

Open... Ctrlt0

Save Ctrlts

I Save As...

Refresh System FS5
Browse Project Directory...

Exit ALt4F4
-Interface Protocols

#--Memories and Memory Controllers
-Microcontroller Peripherals

-PLL

--Q=ys Interconnect
-GLS

-Werification
#-Window Bridge

Peripherals

System Contents ‘ Address Map " Clock Seﬂings" Project Seﬂings” Instance Parameters " System Inspector " HOL Example " Generation

4 KA WX+

Use | Conn...

H——t
H—

MName De=scription
B clk_0 Clock Source

Export Clock

clk_in Clock Input clk
clk_in_reset Reset Input reset

clk Clock Output
clk_reset Reset Output

ck_0

Base End

Path

0 Errors, 0 Warnings

Figure 1-11 Save System

7. Rename System Name as shown in Figure 1-12. Click Save and your will see a window as
shown in Figure 1-13.
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B 5% (%]

®%: |3 My_First_Niosl ¥ 2 rEE

- ) db

HEITATI Y

FRII

48

R A

Q Sl |DE2i_150_0SY] | [ BE(S) ]
F_ESERE S,

| Qsys System Fiks (*gsys) v ;i

Figure 1-12 Rename System

B 0sys — DE2i_150_QSYS.gsys (D:\Ny First FiosIIV\DEZi_150_0SYS. gsys)

Fie Edt System View Tools Help

Component Library | System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System inspector | HDL Example | on|

I: 48 | Use | Conn Name Description Export Clock Base End
x G clk_0 Clock Source
Project B ck_in Clock Input clk
""" 5 New companent clk_in_reset Reset input reset
L b';':gﬁ = — clk Clock Output ck_0
e Aasat a —| ok resel Reset Output
Configuration & Programming -
-DSP =
- Embedded Processors
-Interface Protocols T

Memories and Memory Controllers
-Microcontrolier Peripherals
- Peripherale
PLL
-Qsys Interconnect
SLS
-Verification
- Window Bridge

?
Messages |
Description Path
WEE T
Figure 1-13 A New System
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8. Click the Name of the Clock Settings table, rename clk_0 to clk_50. Press Enter to complete the
update. See Figure 1-14.

H gsy= — DEZi_150_QSYS. qsys» (D:\Ny First NiosII\DEZi_150_QSYS. gsy=)
Fie Edit System View Tools Help

Component Library | | System Contents || Address Map| Clock Seftings | Project Seﬂings" Instance Parameters " System Inspector " HOL Example " Generabnnl

Clock Settings
=Y

Project MName Source MHz
L New component... clk_50 External 50.0
Library
-Bridges
-~Clock and Reset
--Configuration & Programming
Dsp
Embedded Processors
~Interface Protocols
|-Memories and Memory Controllers
-Microcontroller Peripherals
-Peripherals
-PLL
Qsys Interconnect
SLS

oo o - e o [ - - -

Figure 1-14 Rename Clock Name
9. Choose Library > Embedded Processors > Nios Il Processor to open wizard of adding cpu
component. See Figure 1-15 and Figure 1-16.

B 9=v= — DEZi_150_Q5Y5. gsysx (D:iHy First
File Edit System Wiew Tool= Help

Component Library System Contents | Addre

|_§ Use Conn...| &
W =

Project

L MNew component...

Library w

- Bridges N

Clock and Reset
[#--Configuration & Programming
E-DSP
El---Emh-deed Processors

L. @ Bitew ap
= Custom Instruction Intercon
+  Custom Instruction Master 7
Custom Instruction Slave T
+ Floating Point Hardware
@ Hard Processor System
t--Interface Protocols
t-Memories and Memory Controllers
t--Microcontroller Peripherals
H--Peripherals
t--PLL
3
tl
3
3

4 HArH WX+

-(I=zys Interconnect
-Werification
~\Window Bridge

- - - -

< |

Edit gk Add o

Figure 1-15 Add Nios Il Processor
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B Rios II Processor — niosZ2_qgsys_0

Nios Il Processor
Megaters”  aliera_nios2_gsys

Core Nioz I | Caches and Memory Interfaom;” Advanced Features || MMU and MPU Seﬂings" ITAG Debug Mndule" Custom Instruction

™ Select a Hios |l Core

Nios Il Core: O Mio= e
() Nios Vs
() Mios WFf
Nios ll/e Nios Il/s Nios II/f
. RISC RISC RISC
Nios Il 32-bit 32-bit 32-bit
Selector Guide Instruction Cache Instruction Cache
Branch Prediction Branch Prediction
Hardware Multiply Hardware Multiply
Hardware Divide Hardware Divide
Barrel Shifter
Data Cache
Dynamic Branch Prediction
Memory Usage (e.g Stratx V) | Two M9Ks (or equiv.) Two M9Ks + cache Three M9Ks + cache

|' Hardware Arithmetic Operation

Hardware multiplication type: Embedded Multipliers

[] Hardware divide

[~ Reset vector

Reset vector memory: |Nune 4
Reset vector offset: 0x00000000
v

|' Exception Vector
Exception vector memory: | None w
Exception vector offset; 0x00000020
Exception vector: 0x00000000

9 Error: nios2_gsys_0: "Reset vector memory” (resetSlave) out of range
9 Errer; nios2_qgsys_0; "Exception vector memory" (exceptionSlave) cut of rangs
9 Error; nios2_qgsys_0: Reset slave iz not specified. Please select the reset slave

Errnr ninz? nzws ' Fyrentinn zlave iz nnt snecified Please selert the svrentinn slaue

Figure 1-16 Nios Il Processor

10. Click Finish to return to main window as shown in Figure 1-17.
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H 0sys — DE2i_150_QSYS. gsys (D:\Ny_First NiosIIADE2i_150_QSYS. gsys)

File Edit System View Tools Help
Component Library System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation
a4 | F'q <P | Use  Connections Name Description Export Clock Base End IRQ Tags
Project X B clk_50 Clock Source
qu; e . B == ck_in Clock Input clk
5 ‘emwcom - (= clk_in_reset Reset Input reset
Lib s = S —— clk Clock Output clk_50
el - | ckreset Reset Output
. Clnc?{e:nd A - Bl nios2_qgsys_0 Nios Il Processor
Configuration & Programming = ck Clack input unconnected
- 4 — reset_n Reset Input [ck)
-DSP =
] Embedded Processors 7 data_master Avalon Memory Mapped Master [ci] 1FQ 0 1RQ 31—
- Interface Protocols instruction_master (Avalon Memory Mapped Master [clk]
Memories and Hemory Controlles —] jtag_debug_module_re. |Reset Output [ch]
- Microcontroller Peri ;Yerals ] jtag_debug_module Avalon Memory Mapped Slave [cik] 0x00000800 (0x00000fEE
X " — custom_instruction_m.. |Custom nstruction Master
- Peripherals
-PLL
- Qsys Interconnect
SLS
-Verification
- Window Bridge
< | >
Ed e Add...
’ »
Messages |
Description Path @
=3 6 Errors '
) "Reset vector memory” (resetSlave) out of range System.nios2_gsys_0
9 "Exception vector memory” (exceptionslave) out of range System.nios2_gsys 0 =
9 Reset slave is not specified. Please select the reset slave System.nios2_gsys 0
oY N . N " - o v
6 Errors, 0 Warnings

Figure 1-17 Add Nios Il CPU completely
11. Choose nios2_qsys_0 and right-click then choose rename, after this, you can update
nios2_qsys _0 to nios2_gsys. See Figure 1-18 and Figure 1-19.

B 9sys — DEZi 150 QSYS. gsys (D:\Hy First NiosIT\DEZi 150 QS¥S.gsys)

File Edit System View Tools Help
Component Library System Contents \Aunre_-m Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation
2 % 4r | Use Connections Name Description Export Clock Base End RO | Tags
v clk_50 Clock So
Project X [ERCLS ck Source
"B New component. 7] = cl_in Clock Input clk
ponent... = clk_in_reset Reset Input reset
= — ¢ ck Clock Output ck_50
~ PI— clk_reset Reset Output
Clock and Ressl - BN T Commectons , 1 I [ O N .
::;:r;ﬁguratiun & Programming ¥ s reset_n ? e N ek
data_master [clk] IFQ O IR 316X
-Embedded Processors 7 sract " - X
-interface Protocols mstructon_mastef £ gq. Crl+E [ck]
— jtag_debug_modul el
Memories and Memory Controller & Rename R
Microcontroller Peripherals ftag_debug_modul [ck] 0x00000800 |0x00000EEE
i . #— custom_instructio] 2§ Remove
~Peripherals
PLL Details L]
~-Qsys Interconnect 5
Show Arbitration Shares
SLS
[-Verification .
& Window Bridge B
IE) Collapse Al
@ Print...
term www.terasic.com
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B @sys — DE2i_150_QSYS. qsys* (D:\Ny_First NiosIT\DEZi_150_QSYS. asys)
Fie Edi System Wiew Tooks Help

Component Library System Contents | Address Map ” Clock Saﬁings" Project SIaﬂings” Instance Parameters || System Ingpector ” HDL Example ” Generation
3, [ 4F | Use | Connections Name _ Description Export Clock Base End IRQ
V| B clk_50 Clock Source
Project ~ X o v
. IQ New com, nt ,_:j\ clk_in Clock Input clk
tem [m clk_in_reset Reset Input reset
- = — ok Clock Output ck 50
— Reset
Brdges = = n s Nios Il nr
lock and Reset v — :
onfiguration & Programmin, - clk Clock Input unconnected
o grammng x = resetn Reset Input e
e
mbedded Pro ors ? data_master ‘Avalon Memory Mapped Master [clk] IFQ 0 IFQ 31
terface Protocols instruction_master ‘Avalon Memory Mapped Master [cik]
. H—t jftag_debug_module_re.. |Reset Output [clk]
lemories and Memory Contro—
jtag_debug_module ‘Avalon Memory Mapped Slave [clk] 0x 00000800 |0x00000TET
icrocontroller Peripherals ,
R custom_instruction_m... |Custom Instruction Master
Peripherals
¥
| =
Edi & A
: ;
Messages ‘

Description Path E_]
| & 3 6 Errors )
I| 9 "Reset vector memory” (resetSlave) out of range System.nios2_gsys
I| e "Exception vector memory” (exceptionSlave) out of range System.nios2_gsys
I| e Reset slave is not specified. Please select the reset slave System nios2_gsys =
I| Q Exception slave is not specified. Please select the exception slave System.niosZ_gsys b
| 18

|| &Errors, 0 Warnings

Figure 1-19 Rename CPU Name (2)
11. Connect the clk and clk_reset as shown in Figure 1-20. (clicking the hollow dots on the
connection line. The dots become solid indicatingthe ports are connected.)

System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation|

HF | Use Connections Name Description Export

X O clk_50 Clock Source

= =S chk_in Clock Input clk

o - clk_in_reset Reset Input reset

= clk Clock Output

- = clk_reset Reset Output

- = nios2_gsys Nios Il Processor

J. clk Clock Input

x reset_n Reset Input

? data_master \Avalon Memory Mapped Master
instruction_master \&wvalon Memory Mapped Master
jtag_debug_module_re...|Reset Qutput
jtag_debug_module \Avalon Memory Mapped Slave
custom_instruction_m.__ |Custom Instruction Master

<

Clock Base

clk_50

clk_50
[clk]
[kl
[kl
[kl
[tk

0x 00000800

End

0x00000EEE

RQ | Tags

IRQ 31—

Figure 1-20 Connect the clk and clk_reset

12. Choose Library > Interface Protocols > Serial > JTAG UART to open wizard of adding

JTAG UART. See Figure 1-21 and Figure 1-22.
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H Q=ys — DEZi_150_QS5YS5. gsys* (D:3\Hy First Nio=sI

Fie Edit System Yiew Toolk Help

Component Library Syztem Contents E

J

Uze Connecl

L
|

=y
Project
-1 New component...
---S:.-‘stem
Library
¥ Bridges
-Clock and Re=et
-Configuration & Programrming
-DEP
-Embedded Procezsors
~Interface Protocolz
[#-Ethernet
- High Speed
--Interlaken
&-PCl
30
= Serial
i @ Avalon-ST JTAG Interface
o Avalon-5T Serial Peripheral In
-- T
o SPI(3 Wire Serial)
e @ UART (RS-232 Serial Port)
i @ USB2.0 HS Device Controller |
[+ Tranzceiver PHY
[#-Memories and Memary Controllers P

< | ¥

>
= H 4r M 2lX+

4 Errorg, 0 Warnings

Figure 1-21 Add JTAG UART (1)
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JTAG UART - jtag_uart_0

“ JTAG UART

x

MegaCers’  dltera_avalon_tag_uart

|' Block Diagram " Parameters

[] show signals:

legacySignalAliow

jtag uart 0 [~ write FIFO (Data from Avalon to JTAG)

Buffer depth (bytes): (g4 £v3
etk T in IRQ threshold: 3

L — Y [] Construct using registers instead of memory blocks

Evslon ftag_slave
avalon

" Read FIFO (Data from JTAG to Avalon)
Buffer depth (bytes):

64 b
IRQ threshold: i1

[] Construct using registers instead of memory blocks:

attera_avalon_jtag_uart

" Simulated input character stream
Contents:

" Prepare interactive windows

Options: INTERACTIVE_ASCI_OUTPUT v

" Allow multiple

[] Allow muttiple connections to Avalon JTAG slave

Figure 1-22 JTAG UART (2)

13. Click Finish to close the wizard and return to the window as shown in Figure 1-23.
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H 0sys - DE2 N & 150_QSYS. gsys)
File Edit System Wiew Toole Help

Component Library System Contents |Annrm Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation

a x 4 | Use | Comnections Name Description Export Clock Base End RQ | Tags
Project = X Bl cli 50 Clock Source
“’Jg e . iad = =8 chk_in Clock Input clk
. tem" component. == ch_in_resst Reset Input reset
Lib . = ck Clock Output clk_50
ra
Err:gﬁ S clk_reset Reset Output
Clock and Reset - Bl nios2_gsys lios Il Processor
ck Clock Input clk_50
Configuration & Programming — resst n Reset input s
DSP -
data_master |Avalon Memory Mapped Master [ck] 15Q 0| 1RQ 3=
Embedded Process:
= \nrlr::rfaoe Pr::l:mnls ors ? instruction_master \Avalon Memory Mapped Master [clk]
thernat —t ftag_debug_module_re...[Reset Output [ck]
igh S jtag_debug_module  [Avalon Memory Mapped Slave [ck] 0200000800 |0z00000££%
ah Speed o custom_instruction_m... |Custom Instruction Master

Interlaken | jtag_uart_ JTAG UART

B"Se"a.!_. AvalonST JTAG Iferface avalon_jlag_slave |Avalon Memory Mapped Slave [k
@ Avalon-ST Serial Peripheral In
:
= SPI(3 Wire Serial) =
< P
< >
Messages ‘
Description Path @
@ 6Errors A
1B} "Reset vector memory” resetSlave) out of range Syslem.niosZ_gsys
0 “Exception vector memory" (exception Slave) out of range System.nios2_gsys
IE) Resst slave is not specified. Please select the reset slave System.nios2_gsys
123 Exception slave is not specified. Please select the exception slave System.nios?_gsys U
0 jtag_uart_0.clk must be connected to a clock output System jlag_uart_0
(3 jtag_uart_0.reset must be connected o a reset source Sysiem.jlag_uart 0 3B

6 Errors, 2 Warnings

Figure 1-23 JTAG UART

14. Choose jtag_uart_0 and rename it to jtag_uart as shown in Figure 1-24.

150_QSYS. gsys* (D osIINDE2i_150_Q5YS. gsys)
Fie Edit System View Tools Help

Component Library System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation

Y % || | use connectons Hame Description Export Clock Base End RQ | Tags
Project 2 x B clk_50 Clock Source
m'g e . == =% ck_in Clock Input clk
s ‘em”m’"m ent.. == ck_in_reset Reset Input reset
b e = clk Clock Dutput ci_s0
thrary ck_reset Reset Output
Bridges = B nios2_gsys Nios Il Processor
Clock and Reset - -asy
Configuration & Programmin ek Clock Input [cik_50
oo 0! g s x reset_n Reset Input [cl]
f—x
S Embedded Processors 7 data_master Avalon Memory Wagped Master el = 0| R 31
Do Pmt:::: istruction_master |Avalon Memory Mapped Master [kl
Ethernet — jtag_debug_module_re... Reset Output [ck
ftag_debug_medule  |Avalon Memery Mapped Slave e 000000800 (3200000555
x—¢  custom_instruction_m... |Custom nstruction Master
L ITAG UART
S Clock Input lunconnacted
(=Serial = reset Reset nput ik
-
'+ Avalon.ST JTAG nterface avalon_ag_slave  |Avalon Memory Mapped Siave ik
Avalon-ST Serial Peripheral In
ITAG UART
e e e ™
< |
< >
Messages ‘
Description Path @
=6 & Errors ~
3 "Reset vector memory” (resetSlave) out of range Systemnios2_qsys
3 "Exception vestor memory” (exceptionSlave) out of range System.nios2_gsys
3 Reset siave s not specified. Please seledt the reset siave Systemnios2_qsys
3 Exception slave is not specified. Please select the exception siave System.nios2_gsys ||
3 jtag_uart.cli must b connected to a clock output System tag_uart
(D jtag_uart.reset must be connected to a reset source System fag_uart =

6 Errors, 2 Wamings

Figure 1-24 Rename JTAG UAR
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15. Connect the clk and clk_reset and data_master as shown in Figure 1-25.

System Contents | Address Map || Clock Settings | Project Seftings | Instance Parameters | System Inspector | HDL Example | Generation

4F | Use | Connections Name Description Export Clock Base End IRQ: Tags
x B clk_50 Clock Source
E [ clk_in Clock Input clk
o] clk_in_reset Reset Input reset
= — clk Clock Qutput clk_50
A — clk_reset Reset Output
- B nios2_gsys Nios Il Processor
clk Clock Input clk_50
z reset_n Reset Input [clk]
—T data_master (Avalon Memory Mapped Master [clk] IRQ O IR 31—+
N H—— instruction_master Avalon Memory Mapped Master [elk]
fﬁ—( ftag_debug_module_re...|Reset Output [clk]
jtag_debug_module (Avalon Memory Mapped Slave [clk] 0x00000800 (0x00000fEff
w— custom_instruction_m... |Custom Instruction Master
JTAG UART
11T clk Clock Input clk_50
reset Reset Input [clk]
>—<L—) avalon_jtag_slave ‘Avalon Memory Mapped Slave [clk] 0x 00000000 |0x00000007
£ >

Figure 1-25 Connect JTAG UART

16. Choose Library > Memories and Memory Controllers > On-Chip > On-Chip Memory
(RAM or ROM) to open wizard of adding On-Chip memory. See Figure 1-26 and Figure 1-27.
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B gsy=s - DE2i_ 150 QSYS.qgsys* (D:\Ny First RiosII\DEZi 150 Q5Y5.
File Edit System View Toolz Help

Component Library

System Contents | Address Map | Clock Se

Uze Connections Mame
= clk

|3] [

#-Clock and Reset

---Cunﬁguratinn & Programming e
E-DSF dz
--Emba:ldad Proceszors ins
---Interfaufbe Protocolz y ita
E---Hgmn&s and Memory Controllers ita

[+}-External Memory Interfaces

= M 4 b M Tl X+

=-0n-Chi ‘ =

= LNl

n-Chip chjiag
wee @ Awalon-5T Dual Clock FIFO | . cll
H
e @ Avalon-ST Multi-Channel Shared | re
i ————*

- @ Avalon-5T Round Robin Schedule —
. @ Avalon-ST Single Clock FIFO

.. @ On-Chip FIFO Memory

e @ On-Chip Memory (RAM or ROM)

[#-Microcontroller Peripherals v
£ ——— Il ] }|_
Edit =R Add
EXEE0 | .
Me==zages l
De=cription
a 4 Errors

a "Reset vector memory™ (resetSlave) out of range

a "Exception vector memory" (exceptionSlave) out of range
a Rezet slave iz not 2pecified. Pleaze 2elect the reset zlave

a Exception =lave iz not specified. Pleaze select the exception slave

/0y 1 Warning

/% Interrupt =ender jtag_uart.irg is not connected to an interrupt receiver
4 Errorz, 1 Warning

Figure 1-26 Add On-Chip Memory
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H onChip Nemory (RAN or RON) — onchip_memory2_0

On-Chip Memory (RAM or ROM)

‘Megotore” altera_avalon_onchip_memory2

|' Block Diagram | :
|' Memory type

Show signals ;
e Type: RAM (Writable) v

[] Dual-port access

onchip_memary2_0

Single clock operation

1k
i —{clck Read During Write Mode: DONT_CARE

1 . =
ouc o

eset] N

n |' Size

altera_avalon_onchip_memaory2
Data width: 37 W |
Total memory size: 4096 bytes

Minimize memory block usage (may impact frmax

™ Read latency

Slave =1 Latency:

Slave s2 Latency:

[~ memory inian
Initialize memory content

[] Enable non-defautt initialization file

Usercreatedhijaizaﬁnnﬁe:|:.:._. &

|:| Enable In-System Memory Content Editor feature

Instance ID: |-_:-_5

@ Info: onchip_memory2_0: Memory will be inttialized from onchip_memory2_0.hex

Figure 1-27 On-Chip Memory Box

17. Modify Total memory size to 204800 as shown in Figure 1-28. Click Finish to return to the

window as in Figure 1-29.

-23
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B On-Chip Nemory (RAN or RON} - onchip_memory2 0

=

Megators”

On-Chip Memory (RAM or ROM)

attera_avalon_onchip_memory2

" Block Diagram |

|' Memory type

Sho! Iz
[[] show signal s

RAM (Writable)

onchip_memory2_0 [ et

Single clock operation
e foioek Read During Wit Mode:
il
Block type:
[egeﬂ raset
|' Size
attera_avalan_anchip_memary2
Data width: ° v ‘

Total memory size: 204BDD| bytes

Minimize memory block usage (may impact fmax

"~ Read latency

Slave 81 Latency:

Slave 52 Latency:

|' Memory initi

Initialize memory content

[[] Enable non-default initialization file

User created initialization file: |

|:| Enable In-System Memory Content Editor feature

Instance ID:

@ Info: onchip_memory2_0: Memory will be initialized from onchip_memory2_0.hex

Figure 1-28 Update Total memory size

Fle Edt System Wiew TIooks Hep

Component Library System Contents ‘ Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation
4k | Use | Connections Name: Description Export Clock Base End RQ
4 X
Project = X B elk_50 Clock Source
m{g e . =HiN=] === Clock Input lelk
-5y lemwm " =5 clk_in_reset Reset nput reset
b v = ck Clock Output cik_50
ra
Er’:m A — clk_reset Reset Output
Clock and Reset - El nios2_gsys Hios Il Processor
Configuration & Programming clk Clock Input clk_50
x — reset_n Reset Input [cl]
o8P &
- Embedded Processars 7 — data_master Avalon Memory Mapped Master [ch] 1RQ 0| 15 31k
nterface Protocols. instruction_master | Avalon Memory Mapped Master [ckl
Memories and Memory Controliers. — jtag_debug_module._re... Reset Output [cki
External Memos ?:“emm jtag_debug_module  |Avalon Memory Mapped Slave [ck] 0200000800 020000055
& on-Chip i x| custom_instruction_m.. |Custom hnstruction Master
i rt ITAG UART
 Avalon-ST Dual Clock FFO = ":‘f“ proe .
+ Avalon-ST Mult-Channe! Shared | . m';m ey
+ Avalon-ST Round Robin Schedule — ese ese
1 A::;D: ST SE,UL cu:chchn h — avalon_fag_slave Avalon Memory Mapped Slave ek 0x00000000 (0200000007
. On.Chip FFO f,am £ onchip_memory2 0 On-Chip Memory (RAM or ROM)
nmcm Memor (RM or ROM) - cki Clock Input unconnected
Aerocortroier Berpherals (. Avalon Memory Mapped Slave [ck1)
- P > - reset! Reset Input [clk1]
< | >
. ;
Messages |
Description Path @I
=63 6Erors ~

“Reset vector memory" {resetSlave) out of range System.nios2_qsys

€3 "Exception vector memory” {exceptionSlave) out of range System.nios2_gsys

Reset slave is not specified. Please select the reset slave System.nios2_gsys

€3 Excention siave is not specified. Please select the exception slave System.nios2_gsys

onchip_memory2_0.clk1 must be connected to a clock output System.onchip_memory2_0

System.onchip_memory2_0

3 onchip_memory2_0.resett must be connected to a reset source

6 Ermors, 2 Warnings.

Figure 1-29Add On-Chip memory Completely
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18. Rename onchip_memory2_0 to onchip_memory?2 as shown in Figure 1-30.

DE2. 150_Q5Y5. gsys)
File Edt System View Tools Help
|
Component Library ‘ System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | |
4k | use | Connections Name Description Export Clock Base End RQ
- X por
Project = X B clk_50 Clock Source
'°'g e . == == cl_in Clock Input clk
. tem" component... = clk_in_reset Reset Input reset
b e = clk Clock Output ck_50
- ';': ~ — clk_reset Reset Output
Clm:fnd A - B nios2_gsys Nios Il Processor
clk Clock Input lcli_50
Configuration & Programming = reset n st It g
—— aset eset
Dsp -
- Embedded Frocessors @ m— data_master |Avalon Memory Mapped Master (e 16% 0| IRQ 31f—x
Interface Profocols instruction_master \Avalon Memory Mapped Master [clk]
Membriss and Memory Controlers — {tag_debug_module_re.._[Reset Output [k
Extoral Memor ?;Mmm jtag_debug_module  |Avalon Memory Mapped Slave [k 0100000800 (0200000££5
 onchp i x— custom_instruction_m.. |Custom Instruction Waster
= Avalon-ST Dual Clock FFO Cl “:%“’" gﬁ: I:A;T ek 50
Avalon-ST Multi-Channel Shared ! . In’pm 5
Avalon-ST Round Robin Schedule — s -
avalonST Single Clock FFO — avalon_jlag_slave |Avalon Memory Mapped Slave llck] 0200000000 0200000007
On.Chin FFO :‘em nchip_memory?2 On-Chip Memory (RAM or ROM)
OChi Wemor (RM or ROM) - clkt Clock Input unconnected
Microcontroler Perherals - st [Avalon hemory Mapped Slave [ck1]
et et " v - resett Reset Input [ck1]
< | >
: . >
Messages |
Description Path @"
=& 8 Errors A
) "Reset vector memory" resetSlave) out of range System.nios2_gsys
Q “Exception vector memory" (exceptionSlave) out of range System.nios2_gsys
Q Reset slave is not specified. Please select the reset slave System.nios2_gsys
€3 Exception siave is not specified. Please select the exception slave System.nios2_qsys
Q ‘onchip_memory2.clk1 must be connected to a clock output System onchip_memory2
Q ‘onchip_memory2.resetl must be connected to a reset source System.onchip_memory2 W
6 Errors, 2 Warnings.

Figure 1-30 Rename On-Chip memory

19. Connect the clk and clk_reset and data_master as shown in Figure 1-31.
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System Contents | Address Map ” Clock Seﬂings” Project Seﬂings" Instance Parameters " System Inspector " HDL Example " Generation

4F | Use Connections Name Description Export Clock Base End IRQ  Tags
X B clk_50 Clock Source
E [ clk_in Clock Input clk
(g clk_in_reset Res=et Input reset

= — clk Clock Qutput clk_50
A — clk_reset Reset Output
= E nios2_gsys Nios Il Processor

clk Clock Input clk_50
k- 4 — reset_n Reset Input [clk]

—T data_master Avalon Memory Mapped Master [clk] IRQ 0 IRg 3if—=
? — instruction_master Avalon Memory Mapped Master [clk]
— jtag_debug_module_re...|Reset Output [clk]
jtag_debug_module Avwalon Memory Mapped Slave [clk] 0x 00000800 |0=x00000EEfE
— custom_instruction_m... |Custom Instruction Master
B jtag_uart JTAG UART

clk Clock Input clk_50

reset Reset Input [clk]

avalon_jtag_slave Awalon Memory Mapped Slave [clk] 0x 00000000 |0x00000007

= onchip_memory2? On-Chip Memory (RAM or ROM)

clk1 Clock Input clk_50

=1 Avalon Memory Mapped Slave [clk1] 0x 00000000 |(0x00031£fF

reset] Reset Input [clk1]

Figure 1-31 Connect On-Chip memory

20. Click nios2_qgsys in the component list on the right part to edit the component. Update Reset
vector and Exception Vector as shown in Figure 1-32. Then click Finish to return to the

-26

window as shown Figure 1-33.
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A Nios IT Processor — nios?_gsys

Nios Il Processor
Megotere”  altera_nios2_gsys

\ (&) Nios IUF
Nios llfe Nios lifs Nios II/f
. RISC RISC RISC
Nios Il 32-bit 32-bit 32-bit
Selector Guide Instruction Cache Instruction Cache
Branch Prediction Branch Prediction
Hardware Multiply Hardware Multiphy
Hardware Divide Hardware Divide
Barrel Shifter
Data Cache
Dynamic Branch Prediction
Memory Usage (e.q Stratix V) | Two M8Ks (or equiv.) Two M3Ks + cache Three M9Ks + cache

|' Hardware Arithmetic Operation
Hardware multiplication type: Embedded Multipiers

[ Hardware divide

[~ Reset vector
Reset vector memory: onchip_memory2.s1 s |

Reset vector offset: 0x00000000

Reset vector:

|‘ Exception Vector

Exception vector memory: v
Exception vector offset:

Exception vector:

[~ MmMu and MPu

[ Include MMU
|
Figure 1-32 Update CPU settings
-27
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B 0sys — DE2i_150_QSY¥S. gsys* (D:\Ny_First_NiosIT\DE2i_150_QSYS. gs¥s)

Fle Edt System Vew Ioos Hep
Component Library System Contents | Address Map | Clock Setings | Project Settings | Instance Parameters | System inspector | HOL Example | Generaton|
)
Y 4¢ | use | Connections Name Description Export Clock Base End RQ | Tags
v = clk_50 Clock Source
Project ~ X i =
80 tiow component _ O ckn Clock input clk
Syetem ponet == clk_in_resst Reset Input reset
o ¥ = S— ck Clock Output ck_50
'7 'E”r':m ~ P clk_reset Reset OQutput
- Clock and Resst - B nios2_gsys Nios Il Processor
Configuration & Programmin ck Clock input clk_50
b g o 9 = reset_n Reset Input [cl]
e
- Embedded Procsssors 7 data_master |Avalon Memary Mapped Naster [ck] 1%Q 0 I%q 31,
erace Pmmimm instruction_master |Avalon Memory Mapped Master [ck]
ftag_debug_module._re... Reset Output [cK]
= Memories and Memory Controllers
ftag_debug_module | Avalon Memory Mapped Slave [ck] 0200000800 (0x00000£EE
External Memory Interfaces .
= onchm x—¢|  custom_instruction_m... |Custom Instruction Master
i @ Avalon-ST Dual Clock FIFO = ]‘?“m“ JCLA:: ‘lrJ‘A:T ok 50
Avalon-ST Multi-Channel Shared | = =
Avalon-ST Round Robin Schedule — reset EEEi I [£1
AVBIDH-ST Single Clock FFO -avalon_jtag_slave \Avalon Memory Mapped Slave [ck] 0x00000000 (0x00000007
an-Chip FIFO f‘emw Bl onchip_memory2 On-Chip Memory (RAM or ROM)
S lic Clock Input Ik_50
On-Chip Memory (RAM or RO ¢ ck npu clk_
 Microcontrollr Peripherals 1 \Avalon Memary Mapped Slave [clk1] 0x00000000 |0x00031££F
o v —————5|  resett Reset input [ck1]
£ | >
e . 5

Description
=3 5Errors

1B onchip_memory2.s1 (0x0..0x31fff) overlaps jtag_uart.avalon_jtag_slave (0x0..0x7)

1@ nios2_qsys.jtag_debug_module (0x300..0xfff) overiaps onchip_memory2.s1 (0x0..0x37ff7)
1 jtag_uart.avalon_jtag_slave (0xD..0x7) overlaps onchip_memory2.s4 (0x0..0x3fff)

{3 onchip_memory2.s1 (0x0. 0x3ffff) overlaps jtag_uart.avalon_jtag_slave (0x0.0x7)

1@ nios2_asys.itag_debug_module (0x800..0xfff) overiaps onchip_memory2.s1 (0x0..0x37f7)

Messages |
Path @I
&

System.nios2_qsys.data_master

System.nios2_qsys.data_master

System.nios2_qsys.instruction_master

System.nios2_gsys.instruction_master L

System.nios2_qsys.instruction_master

=/4, 1 Warning
5 Errors, 1 Warning

Figure 1-33 Update CPU settings Completely

21. Choose Library > Peripherals > Debug and Performance >System ID Peripheral to open
wizard of adding System ID. See Figure 1-34 and Figure 1-35.
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BF Qsy= — DE?i_150_Q5Y5. gqsyz (D:\Hy First NiosII\D
File Edit Swy=stem Yiew Tools Help

Component Library Sy=tem Contentz | Address M;
oY b 4 4F | Use = Connections
v
Project ~ X
----- D; New component... ﬁ
=-System -
: —_—
DEZi_150_QSys
i FY r — |
Library
: W
[+-Bridges v b
_ -Clock and Re=set b 4
---C.un figuration & Programming . |
F-DSP 7 1
[#-Embedded Processors ﬂ_h‘_
-Interface Protocols -
_ -Memoriez and Memory Controllers R
---Micrncnntrnller Peripheralz
- Peripherals L
= Debug and Performance L L
i @ Awalon-5T Data Pattern L
o Awvalon-5T Data Pattern
W
' Awalon-5T Test Pattern | .
o Awvalon-5T Test Pattern |
o Performance Counter Ur
B —v=tem ID Peripheral
[+ Dizplay
[+ Microcontroller Peripheralz
[#-PLL
[=-Q=ys Interconnect 4
£ I *
[Hew...] ¢
Mezzages |
De=cription
a 5 Errors

a onchip_memory2.s1 (0x0. 0x3ffff) overlaps jtag_uart.avalon_jtag_sl
a nios2_qsys.jtag_debug_module (0x200.. 0xfff) overlaps onchip_met

a itag_uartavalon_jtag_slave (0x=0..0x7) overlapz onchip_memory2.s1
5 Errors, 1 Warning

Figure 1-34 Add System ID [0]
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A System ID Peripheral — sysid gsys 0 [?l

“ System ID Peripheral

Megecers”  altera_avalon_sysid_gsys

T -

|' Block Diagram |' Parameters |

1S o Semplp

sysid_gsys 0

lock

eset raset

ontrol_slave
alon

attera_avalon_sysid_gsys

@ Info: sysid_gsys_0: System ID wil no lenger be automatically as=signed.
@ Info: sysid_gsys_0: Time stamp will be automatically updated when this component is generated.

Figure 1-35 Add System ID [1]

22. Click Finish to close System ID Peripheral box and return to the window, rename sysid_qsys_0
to sysid_gsys and connect the clk and clk_reset and data_master as shown in Figure 1-36.

-30
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Qsys

DE2i_150_QSYS. gsys> (D:\Hy

Fie Edt System View Iook Hep
Component Library System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation
<k | Use | Connections Name Description Export Clock Base End RQ | Tags
4 x
project 1| % B cik_50 Clock Source
'°'g o . =] =S clk_in Clock Input el
e 'em""m’"p"“e" : o clk_in_reset Reset Input reset
st 0621 150 Qsve = ck Clock Output ck_50
Lo e ~ ———+——|  ckresst Reset Output
: ';’: - B nios2_qsys Nios Il Processor
e st ok Clock Input lclk_50
Configuration & Programmin g = resst.n Resst input ek
bl g o 9 7 data_master |valon Memory Mapped Master e 1m0 IR0 31—x
Embedded Processors — instruction_master |\Avalon Memary Mapped Master (k]
v Pmmimm t——|  jtag_debug_moduie_re...[Reset Output [kl
Memories and Memory Controliers itag_debug_module \Avalon Memory Mapped Slave clk] 0x00000800 |0x00000fff
- W x—|  custom_instruction_m... |Custom Instruction Master
Microcentroller Peripherals B ITAG UART
=-Peripherals ck Clock Input lclk_50
-Debug and Performance o s =5
Avalon-5T Data Pa
A::u): o n:: P:ﬂ:: p— avalon_jlag_slave |walon Memory Mapped Slave (0] 0200000000 |0x00000007
B onchip_memory2  |On-Chip Hemory (RAH or RON)
Avalon-5T Test Pattern 1 o Costmeut e 50
. ! -
Avalon-ST Test Patiern =1 |Avalon Memory Mapped Slave [clk1] 0x00000000 [0x00031F5F
Performance Counter Ur - A fei]
Bl e D Peripheral 2
- DL sysid_gsys System ID Peripheral
spiay ck Clock Input lclk_50
Microcontroller Peripherals. ] reset o b
:I:;s terconnect 5 - control_slave |Avalon Memory Mapped Slave ek 0x00000000 |Tx000000GT
| »
: ’ >
Messages ‘
Description Path

3 onchip_memory2.s1 (0x0. 0x3fff) overlaps jtag_uart.avalon_jtag_slave (0x0..0xT) System.nios2_gsys data_master

(@ sysid_gsys.control_slave (0x0..0x7) overiaps onchip_memory2.s1 (0x0..0x3fff) System.nios2_qsys data_master

3 onchip_memory2.s1 (0x0.0x3ffff) overlaps sysid_gsys.control_slave (0x0..0x7) System.nios2_gsys data_master

7 Errors, 1 Warning

Figure 1-36 Add System ID [2]

23. Choose Library > Peripherals > Microcontroller Peripherals >P1O (Parallel 1/0) to open
wizard of adding P1O. See Figure 1-37 and Figure 1-38.
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%) Q=zy= — DE2i_ 150 Q5Y5.qg=y=* (D:3Hy Firzt Nio
File Edi System View Toole Help

Component Library | System Contents E

Uze Connec

4 X
Project

[

[+--System
Library
: -Bridges
~Clock and Reszet
~Configuration & Programming
-DSP
-Embedded Proces=zors
-Interface Protocolz
-KMemories and Memory Controliers
~Microcontroller Peripherals
-Peripheralzs
--Dehug and Performance
- Display
E&--Micrucnntrull&r Peripheralzs
' Interval Timer

W
=PI (Parallel 1O} -

- @ ‘ectored Interrupt Controll

= M 4 F M €] X+

=-PLL

- ® Alera PLL
@ Altera PLL Reconfig -
Lo @ Awalon ALTPLL

[=I-Q=ys Interconnect

. [hInterrupt N

Mezzages |

De=cription
B T Errors

a onchip_memory2.s1 (0x0. 0x3fff{) overlaps jtag_uart.avalon_j

a syzid_gsys.control_slave (0=0..0«7) overlaps onchip_memor

a onchip_memory2.21 (0x0..0x3ffff) overlaps sysid_gsys.contr
T Errorz, 1 Warning

Figure 1-37 Add PIO
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H P10 (Parallel I/0) - pio_D

%&  PlO (Parallel 1/0)

Megoters”  altera_avalon_pio

r
|' Block Diagram | L Al
|' Basic Settings |
D Show signats Width (1-32 bits): a8
. Direction: "
pio_0 O Bidir
) Input
f"(—;mck e
1L S
1 (® Output
Output Port Reset Value:
sternal_connection ; utp = 0x0000000000000000
L——uundm{
attera_avalon_pia |' Output i |

[[] Enable individual bit setting/ciearing

|' Edge capture register |

Synchronously capture

Edge Type: RISI!

Enable bit-clearing for edge capture register

|' Interrupt

Generate IRQ

IRQ Type: LEVEL

Level: Interrupt CPU when any unmasked V0 pin iz logic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
register is logic true. Available when synchronous capture is enabled 4

Figure 1-38 Add P1O

24. Click Finish to close PI1O box and return to the window as shown in Figure 1-39.
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H gsys — DEZi_150_QSYS. gsys* (D:\Ny First | _150_QSYS. asys)
Fie Edt System View Toos Hep
Component L\brarv\ System Contents | Address Map | Clock Settings | Project Setings | Instance Parameters | System Inspector| HDL Example | |
4k | uss | Connections Name Description Export Clock Base End RQ | Tags
4 X
Proiect = || X B clk_50 Clock Source
'°‘|g e . =Hil= =2 ck_in Clock Input ok
s ‘em"'m"’m”-- == cli_in_reset Reset Input reset
oo s = — Clock Output ch_s0
rary ~ — clk_reset Reset Output
‘Bridges B nios2_asys Hios Il Processor
Clock and Rm . - clk Clock Input \clk_50
Configuration & Programming = et st bt o
psP -
data_master |Awalon Memory Mapped Master ekl % of R 31—
;';ﬁ::g;g?::;m 7 instruction_master |Avalon Memary Mapped Master [clk]
Homors act emory Controlers ftag_debug_module_re..|Reset Output [ck]
e oy o fiag_debug_medule  |Avalon Memory Mapped Siave ekl 0x00000800 (000000822
Perphorats P x—|  custom_instruction_m.. |Custom Instruction Master
j rt ITAG UART
Debug and Performance = ﬁ-‘" e e 50
Display =
- reset Reset Input ek
=" troller Peripherals
= 'cm_m:'n{:w;‘ n;‘zrem avalon_jiag_slave |Avalon Memory Mapped Slave 1] 0200000000 |0x00000007
B onchip_memory2  |On-Chip Memory (RAM or ROM)
- ok Clock Input lclk_50
Vectored Interrupt Control -~
i ‘sctored Interrupt Control sl |wvalon Wemory Mapped Slave clk] 0T00000000 |0x0003152
reset! Reset Input [clk1]
Atera PLL
sid |System D Peripheral
Attera PLL Reconfig g “;u: LS Cbuc::\p " A e 50
o = e
E}y;karru . control_slave |Avalon Memory Mapped Slave l[clk] 0x00000000 000000007
P! 'R0 Clock Crosser = pio 0 PID (Parallel 10}
B0 P 255 I Clock Input
Pt @ - reset Reset Input ek
< Ip"e e - 51 |Avalon Memory Mapped Slave (]
—{  external_connection  |Conduit Endpoint
. .
Messages ‘
Description Path @
= 9Emors -~
£ onchip_memory2.s1 (0x0..0x371f) overlaps jtag_uart.avalon_jtag_slave (0x0..0x7) System nios2_qsys data_master b
v
-
9 Errors, 2 Warnings

Figure 1-39 PIO

25. Rename pio_0 to led as shown in Figure 1-40.

Qsys — DE2i_150_QSYS. asys* (D

Fie Edt System View Took Hep
Component Library | System Contents | Address Map | Clock Settings | Project Settings | Instance Farameters | System nspector | HDL Example | |
2 5¢ || 9| use | comectons Name Description Export Clock Base End RQ | Tags
x B clk_50 Clock Source ~
Project ~ o ; 2
%4 New component Sl = cliin Clock Input etk
pone: o cli_in_reset Reset Input reset
= ————+ & Clock Output ch_50
- ————  ck_reset Reset Output
Cer o st -  nios2_gsys Nios Il Processor
Configuration & Programmin ek Clock Input clk_s0
g o 9 x reset_n Reset Input [ch]
e
 Eroeddes Processors il data_master |Avalon Memory Mapped Master [kl 17q 0| rq 31
. instruction_master |Avalon Memory Mapped Master [kl
‘ fag_debug_module_re.. [Reset Output [kl
#-Memories and Memory Controllers I
fag_debug_module  |Avalon Memory Mapped Slave [kl 0x00000800 [0x00000£EE
Microcontroller Peripherals
-Peripherals ] custom_instruction_m... [Custom Instruction Master
O jtag_uart ITAG UART
g:)f:"d Performancs ck Clock Input lclk_50
- resat Resst Input ]
i troller Peripherals
= o ot avalon_ftag_slave | Avalon Memory Mapped Slave = 0200000000 [0x00000007
_ PIO (Parallel UO) B onchip_memory2 On-Chip Memory (RAM or ROM)
clkt Clock Input lclk_50
Vectored Interrupt Control =
. ectared Interrupt Control s1 |valon Memory Mapped Slave [ckd] 0x00000000 |0x00031£55
o AteraPLL reset1 Reset Input [ck1]
sid. |System D Peripheral
Alera PLL Reconfig E Spedass Cbuc::\uut AL e 50
@ Avalon ALTPLL -
B-as me:zm:ea reset eset Input ek
Bﬁlerru : ————|  controLslave |Avalon Memory Mapped Slave [ 000000000 [0x00000007
. . IRQ Clock Crossar v e led PIO (Paraliel VO)
v ] T = ek Clock Input
= reset Reset Input ekl 3
= st |Avalon Memory Mapped Slave [kl 3
< >
Path
-~
€3 onchip_memory2.s1 (0x0..0x31T7) overiaps jtag_uart.avalon_jtag_slave (0x0.0x7) System nios2_qsys data_master T
) sysid_qsys.control_slave (0x0..0x7) overlaps onchip_memory2.s1 (0x0..0x3ffff) System nios2_gsys data_master
3 onchip_memory2.s1 (0x0.0x3ffff) overlaps sysid_asys.control_slave (0x0..0x7) System.nios2_gsys. data_master v
9 Errors, 2 Wamings

Figure 1-40 Rename P1O
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26. Connect the clk and clk_reset and data_master as shown in Figure 1-41.

150_QSYS. gsys* (D:\Ny First NiosTII\DEZi_ 150_QST.

Fie Edit System View Tooks Hep
Component Library System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation
a x| 4F | Use Connections Name Deseription Export Clock Base End RG | Tags
= x B clk_50 Clock Source. ~
Pmﬁ“m . - = = clk_in Clock Input clk
b (em"' componen! o—- clk_in_reset Reset Input reset
b e = ck Clock Output clk_50
. 'Ea[':m ~ clk_reset Reset Output
Chock and R - Bl nios2_asys Nios Il Processor
Configuration & Programmin ck Clock Input clk_50
oen g g 9 =z reset_n Reset Input [ck]
e
) Embedded Processors | 7 data_master Avalon Memory Mapped Master [kl IR | IRR 31|
e Tace Pmm‘::; instruction_master Avalon Memory Mapped Waster [cK]
— ftag_debug_module_re...|Reset Output [ck]
Memories and Memory Controllers
tag_debug_module Avalon Memory Mapped Slave [kl 0x00000800 |0x00000£5E
Microcontrolier Peripherals
ot *— custom_instruction_m... (Custom instruction Master
B jtag_uart ITAG UART
g_:“:: and Performance ck Clock Input clk_50
play reset Reset Input [cK]
icrocontroller Peripherals _
= Interval Timer avalon_jtag_slave Avalon Memory Mapped Slave [cK] 0x00000000 |0x00000007
] B onchip_memory2 On-Chip Memory (RAMW or ROM)
N clkl Clock Input clk_50
Vectored Interrupt Contrall st Avalon Memory Mapped Slave [ck1] 0x00000000 |0x00031FEE
Atera PLL Reconfig !::u: -asy; c:::x o . ke
e = e
Bﬁtem . control_slave Avalon Memory Wapped Slave [ck] 0200000000 |0200000007
7 merre PIO (Paraliel VO)
: = IRQ Clock Crosser v -
clk Clock input clk_50
< | > L [
. reset Reset Input [ck] =
= = 1 Avalon Memory Mapped Slave [k 0x00000000 |0x0000000E v
E G | >
Messages |
Description Path @
& 9Errors -~
) onchip_memory2.s1 (0x0.0x3ffff) averiaps jtag_uart.avalon_jtag_slave (0x0.0x7) System.nios2_gsys.data_master b |
€ sysid_asys.control_slave (0x0..0x7} overlaps onchip_memory2.51 (0x0. 0x3fff) System.nios2_gsys.data_master
) ted.s1 (0x0..0xf) overlaps sysid_gsys.control_slave (0x0..0x7) System.nios2_gsys.data_master ~
9 Errors, 1 Warning

Figure 1-41 Connect P1O
27. Export external_connection and Rename it to led as shown in Figure 1-42.

H 0sys — DE2i_150_ QSYS. gsys* (D:\Hy,

Fle Edt System Vew Ioos Hep
Component Library System Contsnts | Address Map | Clock Settings | Project Ssttings | Instancs Parameters | Systsm nspector | HDL Example | Generation
2 4k | Use | Connections Name Description Export Clock Base End RQ  Tags
Project = b4 B clk_50 Clock Source
""g o . 2 = o ck_in Clock Input clk
. hm""m’"”‘“’e" o clk_in_reset Reset Input reset
b e = — clk Clock Output cll_S0
ibrary ~ P clk_reset Reset Output
. Bl nios2_gsys Nios Il Processor
clk Clock Input lclk_50
-Configuration & Programming - et Roset It e
-DSP -
 Embedded Processors 7 data_master Avalon Memory Wapped Master ek 180 0 59 31—
nterroce Pmm“::: instruction_master | Avalon Memory Mapped Master ek
 Memorios and Hemory Controlrs jtag_debug_module_re...|Reset Output ek
Miotmcontrolier Por hwerah jtag_debug_module |Avalon Memory Mapped Slave [ck] 0x000B0800 (0x00080£EF
Periphorsls . *—( custom_instruction_m... |Custom Instruction Master
i rt ITAG UART
Debug and Performance g "‘Zﬁ;"a e ok 50
Display =
reset Reset Input ek
W troller Peripherals:
= 'm?m“mrzw;m;‘;“ avalon_ag_slave  |Avalon Memory Mapped Slave el 0x00081010 (0x0008:0:7
-0 (Faralel 10) B onchip_memory2 On-Chip Memory (RAM or ROM)
clkt Clock Input lclk_50
Vectored interrupt Controll ”
‘ectored nterrupt Control 1 Avalon Memory Mapped Slave [eki] 0x00040000 |0x00071£52
Atera L reset1 Reset input [cki]
B sysid_gsys System D Peripheral
Altera PLL Reconfig - orre ek 50
. Avalon ALTPLL =
s me:’;n';e " resel Reset Input (el
By:lerru t control_slave Avalon Memory Mapped Slave [ck] 0x00081018 (0x0008101%
Dm Clock Crosssr a led FIO (Parallel V0)
R0 Fanout clk Clock Input lclk_50
o B Manner ~ reset Reset Input [clk]
¢ ] 3 —_— 51 ‘Avalon Memory Mapped Slave [clk] 0x00081000 (0x0008100F
external_connection _ Conduil Endpoint
: < >
Messages ‘
‘ Description Path @I

Figure 1-42 Export external;connection

28. Choose System > Assign Base Addresses as shown in Figure 1-43. After that, you will find that
there is no error in the message window as shown in Figure 1-44.
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H 0sys — DE2i_ 150 _QSYS.asys* (D:\Ny_First NiosII\DE2i_ 150 QSYS. asys)

Fie Edit BS7EC0N View Took Help
ey Assign Base Addresses bntents | Address Map | Clock Settings | Projsct Settings | Instance Parametsrs | System Inspsctor | HDL Example| Generation
Assign Interrupt Numbers.
Connect Na Descripti Export Clock Base End RQ T:
A Assign Custom Instruction Opcodes nnections me cription = © ki
—] B clk_50 Clock Source:
Project|  Create Global Reset Network ol e o e
1 1 -
=8 I _in_reset Reset Input et
Syst  sert Avalon-ST Adaplers e e = ol 50
Library | gnow System With Qsys Fabric Components clk_reset Reset Output -
~Bridg — 3
ol Pun SOPC Buider to Osys Upgrade o nios2_gsys Nios Il Processor
cond ck Clock Input clk_50
5P reset n Reset nput [ckl
data_master |Avalon Memory Mapped Naster [ck] I%@ g IRR 31—
;lﬁgﬁg,?::;m 7 instruction_master  |Avalon Memary Mapped Master [ck]
Memorioe and Hemory Controllrs ftag_debug_moule_re...|Reset Output [ck]
Mirocoraler e ;‘;rm ftag_debug_module |Avalon Memory Mapped Siave [ck] 0200080800 (020008085
P 2 —t custom_instruction_m... |Custom Instruction Master
i rt UTAG UART
Debug and Performance B "::*"“ e ok 50
Display =
reset Reset Input [l
W traler Peripherals
= -‘Drn'f";'m':w;‘ n;;';“ avalon_itag_slave |Avalon Wemory Mapped Slave e 0200081010 000081017
O Bl onchip_memory2 On-Chip Memory (RAM or ROM)
okl Clock Input clk_50
= Vectored nterrupt Control -
! &l \Avalon Memory Mapped Slave [ck1] 0100040000 |0X000TLEET
reset! Reset Input [elk1]
Alera PLL
ers B sysid_gsys |System ID Peripheral
Altera PLL Reconfig ok Ciock input ik 50
ope st — e =
BY:terru t control_slave \Avalon Memory Mapped Slave [chk] Ox000B1018 (0x000B101F
3 DIRm Clock Crosser = led PIOr (Paraliel VO)
IRQ Fanout clk Clock Input clk_50
& IR0 Mannar s reset Reset Input [ck]
< 7 S e s1 |valon Memory Mapped Slave [cK] 0200081000 (0200081008
<1 externalconnecton  |Conduit Endpoint led
Messages |
Description Patn
/4, 1 Warning ~
I\, Interrupt sender jtag_uart.irg is not connected to an interrupt receiver System tag_uart

Figure 1-43 Assign Base Addresses

B gsys — DE2i_150_QS¥S.gsys* (D First RiosII\DE2
Fie Edt System View Toos Hep
Component Lihrarv| System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspsctor | HDL Exampls | |
A % || 4| use | connections Name Description Export Clock Base End RQ Tags
= || % 8 clk_s0 Clock Source
5l = D ckin Clock input lelk
D~ ckiin_resst Reset input reset
= clk Clock Output ck_50
a clk_reset Reset Output
Clock and Reset - 5 nios2_gsys Nios Il Processor
Configuration & Programming ek Clock Input clk_50
g = reset_n Reset Input [ckl
-DSP -
data_master \Avalon Memory Mapped Master [ci) 162 0 1R 31—
ﬁ‘lt:'::g:dp:t'r:::“ 7 instruction_master \Avalon Memory Mapped Master [cid
Hemorioe ang Hemory Controllrs ftag_debug_module_re.._Reset Output [ch]
Mierocontralir Pon n“'emls flag_debug_module | Avalon Memory Mapped Slave [ci) 0z000BOBOO |0x000802EE
Peripherais 2 5 custom_instruction_m... |Custom Instruction Master
i rt UTAG UART
Debug and Performance g "’C‘t““ Ry o 50
Display -
: N reset Reset input [ck]
M troller Peripherals.
= J”DCDTH::W;m:‘Zr“ avalon_ftag_slave | Avalon Memory Mapped Slave Il 0x00081010 |0x00081017
B Bl onchip_memory2 On-Chip Memory (RAM or ROM)
clk1 Clock Input clk_50
= Vectored interrupt Controll -
i ‘ectored nterrupt Control st Avalon Memory Mapped Slave [cki] 0x00040000 |0x00071555
reseti Reset input [elk1]
» A PLL
era B sysid_gsys ‘System ID Peripheral
Altera PLL Recanfig - S k50
 Avalon ALTPLL =
Geve e reset Reset input Il
éﬁterm t control_slave Avalon Memory Mapped Slave ek 0x000B1018 [1x0008101€
.”m Clock Crosser B led FIO (Parallel 10)
© G Fanaut clk Clock Input clk_50
] P - reset Reset input [ck]
< I > S s1 ‘valon Memory Mapped Slave [cl] 0x00081000 |0x0008100F
Eel| external_connection  |Conduit Endpoint led
= < R
Messages |
Description Path
[=1,/2, 1 Warning
/1, Interrupt sender jtag_uart.irq is not connected to an interrupt receiver Systemflag_uart
[=1@ 3 Info Messages
@ Memory wil be inttiaiized from onchip_memory2 hex Systemonchip_memory2
0 Errors, 1 Warning

Figure 1-44 No Errors
29. Assign Interrupt Numbers as shown in Figure 1-45. After that, you will find that there is no
warings in the message window as shown in Figure 1-46.( In the IRQ column, connect the Nios Il
processor to the JTAG UART)
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- AEYEY By First _NiosII\D, 150_05Y5. qeys)
Elo Edt Dystem Mow Jool Heb
Component Lirary System Contents | address Map | Clock Seftings HOL Examgle | Genaration
x “& [eancctions Mame Descriptes Expon Ciock. Base Eng Ra Teps
[ x| | B e so Clock Source
i M Mo conpome: 8 1 e1 ok |cncum clkc
= 3% B4 ch_n_reaet Rrant reset
@ System 1 n_t put
|Litseary |
| = lriages 1 = ceasnr
#-Clock 0a Reset v - e :
Configuration & Programming 4 ok |Clock ingut olke_50
: 2 ety = reset_n |eset iput lex
4 | data_master |waiton Mmooy Maggd Master kg e o e 3
z :“m.u H‘:‘:H. ™ 3 E: imatcton_manster | nvaion wemory magpe Wastes Hea)
b i Memones 870 Mamany CoNtrolers ul Fag_debug_maduie_re..|Reset Dutput lex]
& Mircraaee Purcharais [~ | pegdebug module  |avaion Memory Mapped Stave ik 00080800 Kuooosozks
e m—i|  custom_natucton_m . |Custom nstructen Master
5 Prrgheral |
| A UART |
: mﬂ Performance ek ngl :ulvu
=t Microcoatroter Pergherais R, Ryt fexg
i rvmion Memory Nepped Save okl Qo0oBIOI0 Cxo00a10fT
o [ onchip_memary? |Gn-Chip Usmary (RAM or ROl
= ryora— el |ctock gt ete_
Lo @ Nt s iy s s b A Sl ewT) movanitT
T ANCEPLL - e resett Reset mput Hemr]
« Alora PLL Reconfly a -:lu_um rﬁxumwn:‘hmml [
o dovalon ALTPLL L | 5 s
- Qsys interconnect || e anal e w1
Tt tnterront —— contl_stve vaon Memory Mapped Save ex) OROOOBIOLE CH000BLTLE
R Ciock Crosser B ko PO cParates va)
RO Fanout | L |Clock nput et 50
[T ¥| | reset inmm ew
& pe e |waion Memery Mapped St 1ok OROOGRIOO0 SxO00RLO0T
e == S external_connecton  |Candul Endpuint
‘ Lol 3|
Hessages
Descrigtion =
5.4, 1 Warning
ftag_uart.irg is not BN inberTupt recefver | Syatem pag_uart
TS T———
U Errors, 1 Warming.

Eie Edd Syslom Mew Joob Hel

Figure 1-45 Assign IRQ

Compenent Librany System Contents | Amdreas Mnp | Cinck Sefings | Project Seftings | instnnce Parnmeders | System napector | ML Fxampin | Generation
A % P Connections Hame Descriphon Chock Hase End Tags
—~ - x |0 elie_50 Clock Source
Project =] et o & Clock hiput
3 K crmpranant it ([ .
o System = et s
Library
il Briges .
2 Hins B Proceases
SR walnansl v B = |iock mnput <ik_50
& Configuration & Programming = 2 R gt ek
% D3R i s
< asta_master |aton Memory Mapped Haster 18 ™ o 1 31
- :.::e,:ﬂeﬂnﬁncmm i || mstruction_master  |Avaion Memary Mapped Master [o]
S P — |
: Ray_tetag_module_re... Resel Cuoul I8 |
= Hesin ws ey eaune #ng_nekoy modun |Awsion Memary Manped S teag e onanome |o=00000r
e s w—i|  custom_nstruction_m.. |Custom nsiruction Uaster
T B itag_uart FTAG UART
ip-Oublig e Parformance o Clock hput <ik_§0
i [~ f~ . resat Heset
rout ]
B-lfcroconior Pehey - areabon_ing_slaon foealn Mssraary Mgl Sl 18]
b |'r'-- B onchip_memoryZ  (0n-Chip Memory (RAM or ROM}
: T a1 Cinek nput ok _50
i Wecknu rhurupl st ~ ) om !Aum Memory Mapped Slave fesr] 0200040000 000071228
o AeraPlL reast] Reset ingut fek1]
5 ) sysid_asys System 0 Perghecal
& Apers FLL Reconty o edic 50
e Avalkon ALTRLL o
L s enet Reset nput Tk
G ik "elx e R cantrel_siave avainn Memary Manoed Sive 2 OCrOOORTOLN |Ox006T0LE
T s B ted PIC (Paralel ¥0)
L s » o |ctock mput k50
B famet | T e [Reset 168
s ¥ 3 = |avvsion Memory Mapped Slave ] 0200081000 [120008100¢
= — O extwesl_cooeecton | Condu Endpnind |
A "
Messages
Descrigton Path

30

Figure 1-46 No Warings

Click Generate tab and click Generate then pop a window as shown in Figure 1-47. Click

Save and the generation start. Figure 1-48 shows the generate process. If there is no error in the
generation, the window will show successful as shown in Figure 1-49.
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H 0sys - DE2i_150_QSYS. qsys* (D:\Ny_First_NiosII\DE2i_150_QSYS. gsys)

Fie Edt System View Tooks Help

Component lemrvl System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System inspector | HDL Example Genemtmnl
= X |~ s
Project A Create simulation modek: | None % ‘
----- 118 New component. T
- Create testbench Gsys system
System [Mone b
Library Create testbench simulation model: ;.-
- Bridges
Clock and Reset [ synthesis
~Configuration & Programmin
psp E & 9 Create HDL design files for synthesis
-Embedded Processors Create block symbol file (.bsf)
-interface Protocols | |
#-Memories and emory Controllrs [ output Directory ]
-Micracontroller Peripherals:
£-Peripherals R D:fMy_First_NioSIDE2i_150_QSYS ‘ B
Debug and Performancs Simulation:
Display
5 h 7
= Microcontroller Peripherals TEETEL gvc_changes
- Interval Timer Synthesis: Dty Frsitied )
PIO (Paralel ¥O) \.‘J Save changes to DE2i_150_05T5. qsys?
- @ Vectored interrupt Controll
-PLL 5w ] [pon’t Save] [ cancel |
- @ AleraPLL
- @ Altera PLL Reconfig
“ @ Avalon ALTPLL
~Qsys Interconnect
S Interrupt
© IRQ Clock Crosser
- @ IRQ Fanout
@ IR0 Manner !
< | >
Wessages |
Description Path

@ 3 nfo Messages

0 Errors, 0 Wamnings

Figure 1-47 Generate Qsys

H Generate

Progress. Adding led [attera_avalon_pio 12.0]
Progres=: Parameterizing module led
Progress: Buiding connections i

[

Progress. Parameterizing connections s

Progres=: Validating

Progres=: Done reading input file

Info: DEZi_150_QSYS.onchip_memory2: Memory wil be initialized from onchip_memory2 hex

Info: DE2i_150_QSY S.sysid_qgsys: System ID will no longer be automatically assigned.

Info: DEZi_150_QSY S.sy=sid_gsys: Time =tamp will be automatically updated when this compo

Info: ip-generate succeeded. E
| >

ol -1-1-1-F-F-1-1-1-1-]

§
3
]
o
||

Figure 1-48 Generate Qsys
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Generate Completed

@ Info: rsp_xbar_demuoc: "DE2i_150_Q5Y5" inztantiated altera_merlin_demultiplexer “rsp_ i
@ Info: rep_xbar_demux_002: "DE2i_150_Q5Y 5" instantiated altera_merlin_demultiplexer ™
@ Info: rep_xbar_mux: "DEZi_150_Q5Y 5" inztantiated altera_merlin_multiplexer "rsp_xbar_
l@ Info: Reu=zing file DYMy_First_NiosIUDE2i_150_Q5YS/synthesis/submodules/altera_merl
@ Info: rsp_xbar_mux_001: "DE2i_150_Q5Y 5" instantiated altera_merlin_multiplexer “rsp_»
@ Info: Reusing file DMy _First_NiosIWDE2i_150_QS5Y S/synthesis/isubmodules/altera_merl
@ Info: irg_mapper: "DE2i_150_0Q5Y 5" inztantiated altera_irg_mapper “irg_mapper”

@ Info: DE2i_150_0Q5YS: Done DE2i_150_0Q5YS" with 25 modules, 76 files, 2531105 bytes

@ Info: ip-generate succeeded.

@ Info: Finizhed: Create HDL design files for synthesis

L& [T ] >

() Generate Completed. 0 Errors, 0 Warnings

2

Figure 1-49 Generate Qsys Completely

31. Click Close to close the dialog box and exit the Qsys and return to the window as shown in
Figure 1-50.

T —— e — o © [atamsce 10
DEEG & )% RB o x|y o YVHY GBS D rY BO R & B LT
| ety

Ay Cychre Iy G EPACGR ISR IICT
sy Frat_postl

A ¥

_&_ﬂiﬂ:ﬂ:r_i Fies | & Desninis |

Mok 8 m
P |Complaton | | Cussomze..
| Task & Tenw
= P Compie Desgn
= P Anslyss kSyithess
1] Ede sermge
R Ve Aepert

B trisiyus B Baberaton

B partson Marge

@ ) hetist viewers

S ] e —

B W 10 Assgrment Anslyss

& P Early Teng Estmate
| i P Fitter (Pisce & Reute) =|
1= 3

o =
& =— >
@] Tupe Hessage

Figure 1-50 Exit Qsys

32. Choose File > New to open new files wizard. See Figure 1-51 and Figure 1-52.
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&, Quartus IT 32-bit — D:/My _First NiosII/My First NiosII

Processng Tools Window Help &

Edit View Project Assignments

w | 1 |My_First_MiosII N

ET-E3

@ Mew Project Wizard. ..

[ Open Project... Ctrl+
Save Project
Close Project

%] LA
o |
=
m M
e |
(]
)
LA

Ctrl+5hift+5

Create [ Update 4
Export...
Convert Programming Files. ..

Recent Files - 1-E3

Recent Projects 4 V| I_Customize... J

Exit Alt-+F4 & Time ™

= » Compile Design
= Analysis & Synthesis
- [T] Edit Settings
- B view Report
- P analysis & Elaboration
- P Partition Merge
- L1 Metlist Viewers
- P Design Assistant (Post-Mapping)
- P 1jo Assignment Analysis
- W Early Timing Estimate
Fitter (Place & Route)
£ Il ] >

¥ © O E

=

® W <<Search=>» V|

@m x|

Type Mess=sage

\_System /\_Processing f\_Extra Info /\_Info /\_Warning /\_Critical Warning /\_Err
|L|:u:ati|:|n:

|Messages

Creates a new file

Figure 1-51 New Verilog file
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Mew Quartus II Project
[= Design Files
AHDL File

EDIF File

Qsys System File
State Machine File
Systemverilog HOL File
Td Script File

VHOL File

[=- Memary Files

[=h Other Files
AHDL Include File
Block Symbaol File
Chain Description File

Text File

Block Diagram,Schematic File

Hexadedmal (Intel-Format) File
Memory Initizlization File

[=H verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File

Synopsys Design Constraints File

Verilog HOL File

[ o

l [ Cancel

J

Help

Figure 1-52 New Verilog File

33. Choose Verilog HDL File and click OK to return to the window as shown in Figure 1-53.
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Figure 1-53 show a blank verilog file.
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Figure 1-53 A blank verilog file
34. Type verilog the following script as shown in Figure 1-54. The module DE2i_50_Qsys of the
code is from DE2_115_ Qsys.v of the project. See Figure 1-55 and Figure 1-56.

module My_First_NioslI(

CLOCK 50,

LED
);
input CLOCK 50;
output [7:0] LED;

DE2i_150_QSYS u0(
.clk_clk (CLOCK_50),
Jed_export (LED),
reset_reset n (1'b1)
);

endmodule
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¥ Quartus 11 32-bat — D:/By First Riosll/By First Niosll - Ry First Riosll
Be B3 vew Boec Amoments Pocmerg Todk pdkw peb 0
DEEG & £ Ba@ v ou [y e tacal

DI e CEENE ) Py_Frst_esll.v
trary BHUT K ABBRE 80 B | 2S2E
Dy ©pdore IV G: EPACTNIOETICT 1 fule My Firet_Niesif{ s r
= My_Fst hicall 2
3 CLOCE_S0,
4 LED
5
(7 CLOCK_50;
T cput [7:0] LED;
4 » e "
o o — 3 BDpE21_150_0Q5¥YS ul(
Gyreracchy | BiFies | & Desoninits 10 .clk clk ({CLOCE_S50),
11 «led_export (LED),
o £axll 12 .reset_reset_n (1'b1)
o o - s
- & | 15  endmodule
= B Commpale Duein
B P analyss B Synthess
® B Fitter (Pace & Route)
# B Buisbier (e atn progy sre fes]
# W TmeQuest Timing Analyss
® W EDA Hetist Weiter
5 By e Do [y Brsgy oramee)
& # e
X% W cctew v

@ Type Hessage

Ewnwymumﬂ snfe S\ warwa M\ Crial e J/\_Errer J/\ Sssmresed [\ Flag /

VMY s BSO T PN WO NN 8B A WD

]

0% 0000

Figure 1-54 Input verilog Text

Open File

=HEaE I | = synthesis

= & ef BE-

|5 =ubmodules

AR

Cc

S

IS W) DEZi_150_QSYS. v

| fT# @ |

ICHZER (T): |Design Files (k. +d4f # vhd # vhdl *. v ¥ | HRil

[ Add file to cument project

Open as: Ao

[

Figure 1-55 Open DE2_115 SOPC.v
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1 / DE2i 150 QSY¥Y5.w
2
3 / Generated using ACDS wversion 12.0 178 at 2012.08.17.10:22:35
4
5 ‘timescale 1 ps / 1 ps
& [HEmodule DE2i_150 Q5¥S (
7 output wire [7:0] led export, .eXport
8 input wire reset_reset_n, reset_n
g input wire clk _clk .clk
10 )i
11
12 wire nios2_gsys_instruction master waltrequest;
13 wire [19:0] nios2_gsys_instruction master_ address;
14 wire nios2_gsys_instruction master_read;
15 wire [31:0] nios2 gsys_instruction master readdata:
16 wire nios2_gsys_instruction master readdatavalid;
17 wire nios2_ gsys_data master walitreguest;
18 wire [31:0] nios2_gsys_data_master_writedata;
19 wire [ ] nios2_gsys_data master_ address;
20 wire nios2_gsys_data master write;
21 wire nios2_ gsys_data master read;
22 wire [31:0] nios2_gsys_data_ master readdata;
23 wire nios2_gsys_data master debugaccess;
24 wire nios2_gsys_data master readdatavalid;
25 wire [3:0] nios2 gsys_data master byteenable:
< TE i e Fa71 «M1 mnime? Aorre S+amr Asakoe madnla +yaneglatra» awvalan antd 2lawra A riradat+ras

Figure 1-56 DE2_115 SOPC module
35. Choose Save Icon in the tool bar. There will appear a window as shown in Figure 1-57. Click
Save.

fBFFLE (L) | My_First NiosII - 5 Bl

P - [h gqsys_edit

! hdb
HEIARRE 5 DEzi_150_9STS

?L_:
£m|

AN

RO

F_E <R

Tk (0 v First HioslL.v | {877 (5) |

{RiFes (T1: |1.l'eril-:-g HDL Files 0k w % wlg #. verilnﬂ HO 8

W Add file to cument project

Figure 1-57 Save Verilog file
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36. Add File in project as shown in Figure 1-58, add DEZ2i_150 QSYS.qsys and
DEZ2i_150_QSYS.v to the project as shown in Figure 1-59 and Figure 1-60. it is completed as
shown in Figure 1-61.

4 Quartus IT 32-bit — D:/By_First RiosII/Ey_Fi

File Edit View Project Assignments Processing Tools  Winde

O = E ﬁ % .3: =, &) Cu | |My_First_NiosII

|Project Navigator @ x| aﬁhc
ala Bl M

Add/Remove Files in Project... )

2

2

q

o

g

7

8

=]

10

11

12

13

14

| ity Hierarchy Files of Design Units | 15
|Tasks & x|
Flow: ‘Compilah’on v| [Custornize...]

Task

EI P Compile Des gn

& P Analysis & Synthesis
- W Fitter (Place & Route)

#- W Assembler {Generate programming files)
- W TimeQuest Timing Analysis

- W EDA Metlist Writer

o

Figure 1-58 Add file
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< Settings

Category:
Files
Libraries 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
=} Operating Settings and Conditions project.
Voltage
Temperature . =
= Compilation Process Settings File name: | |E] Add

Early Timing Estimate
Incremental Compilation File Mame  Type  Library | Design Entry/Synthesis Tool HDL Version
Physical Synthesis Optimizations
= EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal verification L
Board-Level
Analysis & Synthesis Settings Down
VHDL Input
Verilog HDL Input Properties
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap II Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSM Analyzer

Remove

]

Figure 1-59 Add file

< Settings First NiosIL
Files
Libraries Select the desian files you want to indude in the project. Click Add All to add all design files in the project directory to the
(= Operating Settings and Conditions project.
Voltage
Temperature . .
[ Compilation Process Settings File name: | -] Add
Early Timing Estimate N 5 N
Incremental Compilation File Mame | Type Library | Design Entry/Synthesis Tool HDL Version Add Al
Physical Synthesis Optimizations DE2i... Qsys System File <None>
=} EDA Tool Settings DE2i... Verilog HDL File <None > Default Remove
Design Entry /Synthesis
Simulation
Formal Verification &
Board-Level .
= Analysis & Synthesis Settings Baown
YHOL Input X
Verilog HDL Input Properties
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap 11 Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSM Analyzer
[ OK ] [ Cancel ] [ Apply ] [ Help
Ldasic www.terasic.com
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£
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Syrersechy | B Fies | o pesonums
Tanke 8 x
Flow: Comploen s
Task &

B Compse Design
B P hnslyss B Sythess
# P Fatter (Pace & Route)
# B Buisbier (e atn progy sre fes]
W B Tmeuest Timing Ansyss
® B EDA Hetist Weiter
5 By e Do [y Brsgy oramee)

%l w Y cctew ~

2| Type Hessage

T3 |5 My Frst paosdt

&

AT FE ARRKK A0 B ]

LA . ST PR T

i

- D:/By_Farst Rivell/By First Niosll

- By _Faest _Raosll

VMY s BSO T PN WO NN 8B A WD

la My First_Niosil(

)i

My_Frst_fosli.v

CLOCE_50,
LED
=)
input CLOCE_50:
outpur [7:0] LED;

BDEZi_150_Q5¥5 ul(

.elk_clk (CLock_S0),
«led_export (LED),
+Eeset_reset_n (1'bl)

endmodule

iwnwymumﬂ infe /\ warmea /\ Gl Warren /. Enver J\ Suppreseed /| Flag /

0% 0000

Figure 1-61 Add file completely

37. Choose Processing > Start Compilation as shown in Figure 1-62
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4 Quartus IT 32-bit — D:/My First NiosII/My First NiosII — Ny First Nio=sII

File Edit View Project Assignments WE{la== Tools Window Help &)

DEEHE & +t 2@ ol Y IGRE T > D EY B8 5 0 ®
Project Navigator Start Compilation My_First_MiosIL v B |
Analyze Current File P — e (=
. & seah A% ARR 08 B (me | - =25
§b My_First_NiosILv Update Memory Initislization File '_FirSt_NiOSII ([
DEZi_150_Q5YS.gsys & Compiation Report Chl+R
% DE2i_150_QSYS/synthesis/DE2i_150 { 50,
ﬂ PowerPlay Power Analyzer Tool
T SSN Analyzer Tool

6 input CLOCE_50;
7 output [7:0] LED;
8
9 HDE2i 150 Qsys ul(
| Hierarchy | Files | of Design Units | 10 .clk_clk (CLOCE_50),
- 11 .led export (LED),
[Tasks eax|l 32 .reset_reset n (1'bl)
Flow: |Compilah'on V| [Cushomize... ] 13 )i
14
Task & 15 endmodule
(= W Compile Design
W Analysis & Synthesis
W Fitter (Place & Route)
P Assembler (Generate programming files)
P TimeQuest Timing Analysis
W EDA Netiist Writer
@ Program Device {Open Programmer)
4 2 |= |

Figure 1-62 Start Compilation

¥. Quartus 11 32 bit - Di/My First WiosII/By First BiosIl - Ny Firet NiesIl
B (At gew Poest fesgrewnts Poossng Jesk fedes e B
DSEG & L BB - e HY /€S B r " wh U &84 ®
Project Mavgator eax & sy_Prse_ienll v K] Comedaiicn Ragert a
S Tatde of Contenn v & |

£ My Frat_Neesllv [ Flow Summary. wﬁ?nmw ljnlzﬂvw;-mm 37 13007 2033

£ iy [ — won 12,0 Buld 232 07/05/2012 57 1 51Full Verson
B DEa_150_Q5rS.asve s prisiniy My, Frst Heall
i DE2_150 QSTSimmthessiDED 150 QST I P Hon D findt Gsbal S20 | et Bty Mame. ey _Fast_recsll
I Floe: Oagasd Tene Fomiy Creione IV G

B Fiow 05 Summary
B Fowiog
& 21 Anaivss 5 Synthess

Tosks LR
Flom [Camplato
Task
. W >
| o =
o | L
[Tow =

% Program Device {00en Frogrammen)

Sax [a

< »

Figure 1-63 Execute Compilation

Note: In the compilation, if there is the error which shows “Error: The core supply voltage of *1.0v’
is illegal for the currently selected part.”, you should modify the text “set_global_assignment -name
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NOMINAL_CORE_SUPPLY_VOLTAGE 1.0v” to “set_global_assignment -name
NOMINAL_CORE_SUPPLY_VOLTAGE 1.2V’ in the myfirst_niosii.qgsf of the project.

38. Awindow that shows successfully will appear as shown in Figure 1-64.

< Guactus I1 32-bst - Ds/By Fices Nioall/Ry Fises Nipall - Ny Fizst Binsll

L @
DEEG & kA 00| Fien JEY 2RO D r BD U 8 L v ®
Progect Naegatne 8x & My_Prst oLy SRE:) Compinton Repeet [+]
e Tabie of Cantents o8
5 Tt | = Fiow Sum Flow Stanss Successfl - Fri dug 17 11: 2534 2012
T My Prat Mesll.v E M:‘I':“" Quortus 1 3284t Versien 12,080 732 07/05/2012 5 151 Fud Version
B 0E3_150_QFS.qem Wi v Mame: My_Frst_Fiostl
¥ DE2_190_QsTsisyrahess DE2_150_ORTS.Y B Fiow o Detauit Giobs SEtnd | T dewed Entity Mame: Moy Frst poall
I Fiow Bacwed Trme Farly Cyclore [¥ GX
[ R A Device. ER4OG1S00FIICT
B Fewiog Tosal kegic lements i;u!&‘mtzﬂ
5 L Arwive b Syrtbess T Towcostiwtons hnctions 2,789 148,760 (1%}
& TIan Dédicated bge regsters LER 19,0 (1%)
& ) Timeguest Timing Anslvaer Tatal regraters 822
® [CJ Assemiler Totsl prs Sf%08(2%)
Total virtual ping. o
Totsl memary bias 1,702,306 /6,625,520 ( 26 %}
| Embedded Muitoler 51 dlements imtm 1%}
. Total GXE Reever Channel PGS G/a{0%)
Byrenty | Bre | @ oo Ml
5 Totsl B Transmiter
Totsl G Transmtter
Totsl PLle \i‘) Full Complason was sxteish (34 warws)

=7

il P LD NeSst Writer

SHALYIER

<
| Eﬁnwun;.m)\mlmJmem}J\,m.wwanu:ug_A Seppressed () '\ Fao [

Figure 1-64 Compilation project completely
39. Choose Assignments > Pins to open pin planner as shown in Figure 1-65. Figure 1-66 show
blank pins.
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P-—hit — D:/My First Nio=IIl/Ny First NiosII — Ny F

oject WEEELRG= e Processing  Tools  Window Help

) 42 Device... - |K€|3
——— _& Settings... Ctrl+5hift+E ==
I My _t
TimeQuest Timing Analyzer Wizard. .. P
Ly Assignment Editor Ctrl+5hift+a
Y5, gsy Fin Planner Ctrl+5hift-+H
Y5 jsyn Eemove Assignments... It Global Settir
i‘i Back-Annotate Assignments... ne
Import Assignments... ry
Export Assignments...
Assignment Groups... nesis
@ LogicLock Regions Window AltH |
) - " 1g Analyzer
E?El Design Partitions Window Alt+D g ¥
Fies | dF Design Units |
-2
V| [ Customize... ]
Figure 1-65 Pins menu
Node Name Direction Location 1f0 Bank VREF Group 1/0 Standard Reserved Current Strength Slew Rate Differential Pair Fitter Location
5" CLOCK 50 Tnput 2.5V (default) 16mA (default) FIN_W15
& LED[7] Output 2.5V (default) 16mA (default) 2 (default) PIN_R25
& LED[E] Output 2.5V (default) 16mA (default) | 2 (default) PIN_A14
@ LED[Y] Output 2.5V (default) 16mA (default) | 2 (default) PIND16
@ LED[4] Output 2.5V (default) 16mA (default) |2 (default) PIN_R29
@ LED[3] Output 2.5V (default) 16mA (default) |2 (default) FIN_C16
@ LED[Y] Output 2.5V (default) 16mA (default) |2 (default) PIN_F16
@ LED[1] Output 2.5V (default) 16mA (default) | 2 (default) PIN_G15
@ LED[0] Output 2.5V (default) 16mA (default) |2 (default) PIN_AH16
<<new node > >
Figure 1-66 Blank Pins
40. Input Location value as shown in Figure 1-67.
Mode Name Direction Location 1/0Bank VREF Group 1/0 Standard Reserved Current Strength Slew Rate Differential Pair
€ cLock_so Urkriown PIN_AJ16 4 B4.N2 2.5V (default) 16mA (default)
€ LED[0] Urknown PIN_AA2S 5 B5_N2 2.5V (default) 16mA (default)
4 LED[1] Urknown PIN_AB25 5 B5_N2 2.5V (default) 16mA (default)
€ LED[Z] Unkriown PIN_F27 & B6_NO 2.5V (default) 16mA (default)
€ LED[3] Urkriown PIN_F26 6 B6_NO 2.5V (defaut) 16mA (default)
0 LED[4] Unknown PIN_W26 5 B5_NO 2.5V (default) 16mA (default)
0 LED[5] Unknown PIN_Y22 5 B5_N1 2.5V (default) 16mA (default)
0 LED[E] Unknown PIN_Y25 5 B5_N2 2.5V (default) 16mA (default)
0 LED[7] Unknown PIN_AAZZ 5 B5_N1 2.5V (default) 16mA (default)
<<new node >

Figure 1-67 Set Pins
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41. Close the pin planner. Restart compilation the project as shown in Figure 1-68.

b.._._ wtuz I 33-hit - Di/Ry First Wioall/My First NigaIl - Ny Pirst Ripsll ;atﬁ
) : @
DEEH@ & % RE o | i HY s ERS T P O R &% L w0
Project havgator a
Rl O st |
Bty Stahs. Seccexshi - Fri Aug 17 36:35:28 2012
Ay Cyckors TV G: FPACEUISIDF1ICT 11 328t Ve 12,0 Bl 232 O708/2042 57 153 Full Versian
i § My Fres piostl e My_Frst_Nest
T Py_Frst_fostl
Famiy ¥

JOTL [ 19,7601 2% )
4,787/ 144,760 (2% )
L8221 14,760 { 1 %)

e

9/sm{1%)

]
1,702,336 / 6,655,520 (26 )

s 4fT0(<1%)
o0/8{0%)

¢
§\ System M\ Procesang (135 /\ Dare befo S\ info t32) N\ wieenng (1) A\ Crscal waming () N\ irrer 1\ Sppressed (41 /| piag /

0% Do0nEE

Figure 1-68 Compilation project again

1.3 Download Hardware Design to Target FPGA

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

Download the FPGA configuration file (i.e. the SRAM Object File (.sof) that contains the N1OS 11
standard system) to the board by performing the following steps:

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

2. Apply power to the board.

3. Start the Nios Il Software Build Tools (SBT) for Eclipse.

4. After the welcome page appears, click Workbench.

5. Choose Nios I1->Quartus Il Programmer.

6. Click Auto Detect. The device on your development board should be detected automatically.

7. Click the top row to highlight it.
- 51
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8. Click Change File.

9. Browse to the My_First_NioslI project directory.

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

11. Click OK.

12. Click Hardware Setup in the top, left comer of the Quartus Il programmer window. The

Hardware Setup dialog box appears.

13. Select USB-Blaster from the Currently selected hardware drop-down list box.

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

Figure 1-69.

"{3 Hardware Setup

Hardware Settings | ITAG Settings

3

Currently selected hardware:

Available hardware items

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

Mo Hardware

No Hardware

1ISB-Blaster [USB-0]

Hardware
USB-Blaster

Server
Local

Port
USE-0

Add Hardware...

Remowe Hardware

Close

Figure 1-69 Hardware Setup Window

14. Click Close.

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

example).

16. Click Start.
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P Programmer D:/By First WiosI1/By First NiosII My First WiosIT [y

e |
T Hardhware St | | EEIEIRNE]
[] Enable roal-tme: 152 1n alow background programming (for MAX [T and MAX ¥ devices)

BT i
e My_Frat sl sof BPACCHISIOFIL  (OANAE  FRRFERFR =

M et Detect

(Ciowa ]

(Wowwre. ]

Dewce Chedsum  Usercode  Progam/  Venfy Bk Examne | Seasity  Gae 1
Configure e QAN

Figure 1-70 Quartus Il Programmer

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

memory to execute.
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Chapter2 N/OS [/l Softwar Build

Tools for Eclipse

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

The Nios Il Software Build Tools (SBT) for Eclipse is an easy-to-use graphical user interface (GUI)
that 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
included example software application templates make it easy for new software programmers to get
started quickly. In this section you will use the Nios Il SBT for Eclipse to compile a simple C
language example software program to run on the Nios Il standard system configured onto the
FPGA on your development board. You will create a new software project, build it, and run it on the
target hardware. You will also edit the project, re-build it, and set up a debug session.

2.1 Create the hello world Example Project

In this section you will create a new NIOS Il C/C++ application project based on an installed
example. To begin, perform the following steps in the NIOS 11 SBT for Eclipse:

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

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

2. Choose File > Switch Workspace to switch workspace. See Figure 2-1 and Figure 2-2.
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&= Nio=s II — Eclipse

B8N Edit Hawigate Search Froject Bun Hios IT ¥indow He

Hew AlLt+ShifttH k| - f—‘; - ﬂ - q
Open File. .. i
Eename. . . Fz
£ | Refresh FS
Conwert Line Delimiters Tao »

Switch Workspace

Restart

IT\:TI Import. ..
ﬂzﬂ Export. ..

Properties A ttEnter

Exit

Figure 2-1 Switch Workspace (1)

& Yorkspace Launcher

X]

Select a workspace

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

Workspace: [ILB I'I.M‘;-" Firzt HiosITlhsoftware w | [ Browse. ..

F Copy Settings

@ [ 0K || Cancel

Figure 2-2 Switch Workspace (2)
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3. Choose File->New->NIOS Il Application and BSP from Template open the New Project Wizard.

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

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

e Select first_nios2_system.sopcinfo and click Open. You return to the Nios Il Application and BSP
from Template wizard showing current information for the SOPC Information File name and
CPU name fields.

e Select the Hello World project template.

e Give the project a name. (hello_world_0 is default name),there we rename it to My _First_NioslI.

& Rios IT Application and BSP from Template

Nios I Software Examples

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

Target hardware information
SOPC Information File mame: |D:'My First WiesIT\DEZi 150_GSYS. sopeinfe

CEV name: nios?_gszys w

Application project

Project mame! |py First NiosII

Use defanlt location

Project location:

Froject template

Templates Template description

Blank Froject Hello World prints " Helle from Hiez IT° to STDOUT. A
Eoard Diagnostics

Count Binary This example runs with or without the Microl/0S-IT

Hello Freestanding BT0S and requires an STDOUT device in your system' s
Hello Microl/05-IT hardware.

Hello World
Hello World Small For details, click Finizh to create the project and
Memory Test refer to the readme. txt file in the project directory.
Memory Test Small
Simple Socket Serwer
Simple Socket Server (RGMIL)| |The ESP for this template i= based on the Altera HAL
Web Server operating system.
Web Server (RGMII)
For information about how this software example
relates to FNios IT hardware design examples,
rafer to the Decign Examples page of the Nies IT
documentation awailable with your installation at:
4 > dinstallation directory?fnios?eds/documents/index. htm. w

'f?:' [ Hext > ] [ Finizh ] [ Cancel

Figure 2-3 Nios I1-Ecplise New Project Wizard
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5. Click Finish. The NIOS 11 SBT for Eclipse creates the My _First_Niosll project and returns to
the Nios Il C/C++ project perspective. See Figure 2-4.

Frinakle Saart Tnaarn 001

Figure 2-4 Ecplise Project Perspective for My_First_Niosl|

When you create a new project, the NIOS 11 SBT for Eclipse creates two new projects in the NIOS
Il C/C++ Projects tab:

m My First_Niosll (hello_world_0 is default name) is your C/C++ application project. This
project contains the source and header files for your application.

mMy_First_Niosll_bsp (hello_world_0_bsp is default name) is a board support package that
encapsulates the details of theNios 11 system hardware.

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

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

e Newlib C library, which is a richly featured C library for the NIOS II processor.
e NIOS software packages which includes NIOS II hardware abstraction layer, NicheStack TCP/IP

Network stack, NIOS Il host file system, NIOS Il read-only zip file system and Micrium’s
uC/OS-11 real time operating system(RTOS).
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e system.h, which is a header file that encapsulates your hardware system.

e alt_sys_init.c, which is an initialization file that initializes the devices in the system.

e Hello_world_0.elf, which is an executable and linked format file for the application located in
hello_world_0 folder under Debug.

2.2 Build and Run the Program

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

To build the program, right-click the My_First_Niosll project in the Nios Il C/C++ Projects tab
and choose Build Project. The Build Project dialog box appears and the Eclipse begins compiling
the project. When compilation completes, a message ‘[My_First_Niosll build complete]” will
appear in the Console tab. The compilation time varies depending on your system. See Figure 2-5
for an example.

By First WiosII/hello world.c clipse

Citsegwet Bxplorer | O3 1] [ hellowordd ¢ o aystem b Battings bap

Figure 2-5 My _First_Niosll Build Completed

After compilation complete, right-click the My_First_Niosll project, choose Run As, and
chooseNIOS 11 Hardware. The Eclipse begins to download the program to the target FPGA
developmentboard and begins execution. When the target hardware begins executing the program,
the message "Hello from Nios I1!” appears in the NIOS 11 SBT for Eclipse Console tab. See Figure
2-6 for an example.
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& Wios IT By First WiosII/hello world.c Eclipse
Eile Bdit Sowcs Eafacter Nevigats Search Braject Ban Nige 1T Rindew Ialp
WS- B-0-Q- *5 - = B0 e 12 |BHORE ™
(o Frajaet Eaplorar o0 =0 [ hallowerld o 52 5 systen k watiings. bup * 011 B2 putline [ =r
- AR oy -7

B osndich
& munll st

(3 oy
¥ [ hadle_werld e
i 4 Wy Fiver Biesll € = [duared

Uy_Frs_Nest Ties | Karaware ble: USB-Blaster on 9 © 1 instance ©: 0 name: fag_ st

Figure 2-6 My _First_Niosll Program Output

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

2.3 Edit and Re-Run the Program

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

Perform the following steps to modify and re-run the program:

1. In the hello_world.c file, add the text shown in blue in the example below:
#include <stdio.h>

#include "system.h"

#include "altera_avalon_pio_regs.h"

int main()
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printf(""Hello from Nios 11"\n");

int count = 0;

int delay;

while(1)

{
IOWR_ALTERA_AVALON_PIO_DATA(LED_BASE, count & 0x01);
delay = 0;
while(delay < 1000000)

{
delay++;
b
count++;
b
return O;
by

2. Save the project.

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

Note: You do not need to build the project manually; the NIOS 11 SBT for Eclipse automatically
re-builds the program before downloading it to the FPGA.

4. Orient your development board so that you can observe LEDG blinking.
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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 of the components in the Nios Il hardware system. The
system.h file is located in the in the My _First_Niosll _bsp directory as shown in Figure 2-7.

& Wios I1 - Ny First WiosII bsp/system.h - Fclipse

Eile Ldit Gowres Refnctor Nwwigste Sagreh Brajest Lun Nigs 11 Tindew Halp
& o E-S- - - 0-Q- M5 - ] EUEE T i = - D i 11 [Rhioie ™

ALT_CTU_DATA_ASOE_Y
ALT_CTU_ICACHE_LTR
ALT T DCADIE LT
ALT_CI_DCACHE_S121
ALT_CTU_FECEFTION i
ALT G FLIEHDA S0
AT CTY_ra

ALT_CU_HARITARE T
ALT G HABDTARE W
ALT_CI_HARITASE
ALT_CHU_HaS,_TERUG_{
BLT G a5 DERUKG ¢
ALT_CIY_HaS_fr1 D1
ALT_CHI_TCACHE LT

tapBaRREERREERRRERARERERRARRRARRRRRER U £

£ »

* Frableas | &) Tasks | B Connels I Fraparties - Eile *&-r-=0
C-Build Dby First NiosIl bap)

Frivable Sewrt Tngary | 200 43

Figure 2-7 System.h Location

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

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

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

When you include the altera_avalon_pio_regs.h file, several useful functions that manipulate the
P10 core registers are available to your program. In particular, the function
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IOWR_ALTERA_AVALON_PIO_DATA (base, data)

can write to the P10 data register, turning the LED on and off. The PIO is just one of many SOPC
peripherals that you can use in a system. To learn about the P10 core and other embedded peripheral
cores, refer to Quartus Il Version <version> Handbook Volume 5: Embedded Peripherals.

When developing your own designs, you can use the software functions and resources that are
provided with the Nios 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 Debugging the Application

Before you can debug a project in the NIOS 1l SBT for Eclipse, you need to create a debug
configuration that specifies how to run the software. To set up a debug configuration, perform the
following steps:

1. In the hello_world.c, double-click the front of the line which is needed to set breakpoint. See
Figure 2-8.

ios I1 - Ny First NiosII/hello world.c - Eclipse

Eils Ldit Swwres Hafurger Nevigsts Tagreh Erajeet Ban Nigs 1T Gindes Help
-G B0 M5 - 1D s 11 |Rfioe ™
“ Prajuect Bxplores | 1] [ hellownrld ¢ woaystem b L settiegs bap = | B2 gurting ]

a AR e % &

* Probleas |7 Tasks | ) Censole | [ Properviex (P Bion 1T Console [3 LIS
Uy _Fesd Nl Mot 1 Hardware centgursten - cabie: USH. Basiar o0 kicabast FUSH-0) Stvice 1. 1 natance D 0 name: fag_uat

Figure 2-8 Set Breakpoint

2. To debug your application, right-click the application (hello_world_0 by default) and choose
Debug as > Nios |1 Hardware.
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3. If the Confirm Perspective Switch message box appears, click Yes.

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

5. Choose Run-> Resume to resume execution.

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

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

2.6 Configure BSP Editor

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

1. In the Nios Il SBT for Eclipse, right-click My _First_Niosll_bsp and choose Nios II-> BSP
Editor. The BSP Editor dialog box opens.

2. The Main page contains settings related to how the program interacts with the underlying
hardware. The settings have names that correspond to the targeted N10S 11 hardware.

3. In the Linker Script box, observe which memory has been assigned for Program
memory(.text), Read-only data memory(.rodata), Read/write data memory(.rwdata), Heap
memory, and Stack memory, see Figure 0-9. These settings determine which memory is used
to store the compiled executable program when the example My_First_Niosll programs runs.
You can also specify which interface you want to use for stdio , stdin, and stderr. You can also
add and configure an RTOS for your application and configure build options to support C++,
reduced device drivers, etc.

4. Choose onchip_memory?2 for all the memory options in the Linker Script box. See Figure 2-9
for an example.
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s Nios II BSP Editor — settings.bsp

File Edit Tools Help

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

Linker Section Mappings
Linker Section Name Linker Region Name Memory Device Name [ Add... ]

.bss onchip_memory2 onchip_memaory2 Remove

. entry rezet onchip_memory2 [ Restore Defalts. .. ]
exceptions onchip_memory2 onchip_memory2

. heap onchip_memory2 onchip_memory2

.rodata onchip_memory2 onchip_memaory2

.rwdata onchip_memory2 onchip_memory2

. stack onchip_memory2 onchip_memaory2

. bext onchip_memory2 onchip_memory2

Linker Memory Regions

Linker Region Name Address Range Memory Device Name Size (bytes) Offset (bytes) [ Add... ]
onchip_memory2 0x00040020 - 0x00071FFF onchip_memory2 204788 32 Remove
reset 000040000 — O0x0004001F onchip_memory2 32 1] [ Restore Defalts. .. ]

[ Add 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

@ Searching for BSP components with category: driver_element

@ Searching for BSP components with category: software_package_glement
@ Added operating system component *hal: 12,07,

@ Loading BSP settings from settings file.

@ Setting "hal.enable_c_plus_plus™set to ™17,

@ Setting "hal.enable_dean_exit™ set to "1" v

(BB

Generate | [ Exit

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

must rebuild your project. To rebuild, right-click the My First_Niosll_BSP->Nios
I1->Generate BSP and then Rebuild Project.

-64

ter 114 www.terasic.com

W, LErasIc. com




lﬂaslc

Chapter 3 Programming the CF/ Flash

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

3.1 Modify the SOPC of the Project

1. Choose Library > Qsys interconnect > Tri-State Components > Generic Tri-State Controller
to open the Generic Tri-State Controller wizard. See Figure 3-1.

File Edit System WView Tools Help

Component Library |

& X
Project
----- -L_J Mew component...
---S‘_.rstem
Library
[+--Bridges
~Clock and Reset

3
EI
tI--Configuration & Programming
H-DSP
t--Embedded Processors
t--Interface Protocols
H--Memories and Memory Controllers
t--Microcontroller Peripherale
H--Peripheralz
H-PLL
=I--Q=ys Interconnect
-- Interrupt
--Memnry—l'u'l apped
E}--Tri—State Components

iw @ Conduit Pin Divider
Tri-State Conduit Bridge
Tri-State Conduit Bridge Tranzlato
@ Tri-State Conduit Pin Sharer

o I o oy O o O oy Y o O g O o O o |

-

+-SLS
[#-Werification
[F-Window Bridge

Figure 3-1 Add Generic Tri-State Controller
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2. Choose Project > Library > Flash Memory Interface(CFIl) and click Apply as shown in
Figure 3-2.

Presets
4 *x

# Project

Library

AMD 291LV128M Flash with Legacy SDE support
38900 Interface (Ethernet)
Cypress CITCL380C SSEAM

lash Memory Interface (CFI)
IDT71V416 SEAM

IS5I ISE1LPS25636A-200TQULL SSEAM
Intel 128P30 Flash

Intel 258FP30 Flash

LANMAIC111 Interface

Legacy AMD 29LVOG5D Flash
SST39VF20090 Flash

.o

sessssens

Mewr...

Figure 3-2 Select Library
3. Modify the Singnal Selection and Signal Timing and Signal Polarities as shown in Figure 3-3
to Figure 3-9.

Address width:
Data width: 18
Byteenable width: |2

Bytes per word: |2

|

Figure 3-3 Modify CFI Flash[page 1 of 7]
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Enable the following signals:
Refer to the Avalon Interface Specifications for definitions of these signals: hitp:iww w altera. com/literature/manualmnl_avalon_spec.pdf
readdata

writedata

[] read

write

[] begintransfer

[] byteenable

chipselect

[ teck

address

[] waitrequest

[] writsbytesnable
outputenable

[] resetrequest

[ira

[] re=et output

Figure 3-4 Modify CFI Flash[page 2 of 7]

|' Parameters

ls memory device

|' Module Assignments

Parameter Value
embeddedsw.configuration.hwClas snameDriverSupportList altera_avalon_lan91c111:altera_avalon_cfi_flash *~
embeddedsw.configuration.hwClassnameDriver SupportDefault |altera_avalon_cfi_flash
embeddedsw.CMacro. SETUP_VALUE 60
embeddedsw.CMacro WAIT_VALUE 160
embeddedsw.CMacro.HOLD_VALUE 60

haddad, T Alaces TIRAIMC IMIT S ne b’
Figure 3-5 Modify CFI Flash[page 3 of 7]
* Module Assignments

Parameter Value
embeddedsw.CMacro. TIMING_UNIT S ns A
embeddedsw.CMacro.SIZE 67108564u
embeddedsw.memorylnfo.MEM_INIT_DATA_WIDTH 16
embeddedsw.memorylnfo.HAS_BYTE_LANE =
embeddedsw.memorylnfo.l5_FLASH 2

R Iofo SEMEMRATE MAT SWAA

Figure 3-6 Modify CFI Flash[page 4 of 7]
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~ Module Assignments

Parameter Value

CIMPCUUSU S W.ITIESITIOI YN ino.nAd_DT IC_LANC
embeddedsw.memorylnfol5_FLASH
embeddedsw.memoryinfo.GENERATE_DAT_SYM
embeddedsw.memoryinfo.GENERATE_FLASH
embeddedsw.memorylnfo.DAT_SYM_INSTALL_DIR SIM_DIR
embeddedsw.memorylnfo.FLASH_INSTALL_DIR APP_DIR

= 2 a2

| >

<

|' Parameters

Use the module az=ignments to identify your components to downstream embedded software tools.
A value of 1 identifies the parameter as true, a value of 0 identifies it as falze.

Mote: For memoery devices, the module assignment embeddedsw.CMacro.SIZE = Memory Size in Bytes must be defined.

~ Awvalon Connection Point Assignments

Parameter Value

embeddedsw.configuration.isFlash
embeddedsw.configuration.isMemoryDevice
embeddedsw.configuration.isNonVolatile Storage

Figure 3-7 Modify CFI Flash[page 5 of 7]

Signal Selection | Signal Timing | Signal Putar'rt'm|

Read wait time: 160
Wirite: wait time: 16
Setup time;

Data hold time:

Maximum pending read transactions:

Turnaround time:

Timing units: Manoseconds +

Read latency:

| | miI
=]
=

[] chipselect through read latency

Figure 3-8 Modify CFI Flash[page 6 of 7]

| signal Selection | Signal Timing| Signal Polariies |

Enable active low polarity on the following signals:
[ read

[T lock

writs
chipselect

[] byteenable
outputenable
[] writebyteenable
[] waitrequest

[] begintransfer
[] resetrequest
[Jirg

[ reset output

Figure 3-9 Modify CFI Flash[page 7 of 7]
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4. Click Finish to close Generic Tri-State Controller box, and return to the window, then choose

generic_tristate_controller 0 a

nd

generic_tristate_controller_0 to cfi_flash. See Figure 3-10.

System Contents. ‘ Address Map| Clock Seftings | Project Seftings | Instance Parameters | System Inspector | HOL Example | Generation

right-click then choose Rename,

you can update

Name
clk_reset
B nios2_gsys
clk
reset_n
data_master
instruction_master
jtag_debug_module_reset
jtag_debug_module
custom_instruction_master
B jtag_uart
clk
reset
avalon_jtag_slave
E onchip_memory2
clk1
s1
reset!
B sysid_gsys
clk
reset
control_slave
& led
clk
reset
81
external_connection
8 cfi_flash
clk
reset
uas
tem

Use  Connections

—_—

=

H——{

x &

Hdb M gl

-4

N o{

Figure

Description Export Clock
Heset Uutput
Mios Il Processor
Clock Input clk_50
Reset input [cik]
‘Avalon Memory Mapped Master [cik]
‘Avalon Memory Mapped Master [cik]
Reset Output [cik]
‘Avalon Memory Mapped Slave [cik]
Custom Instruction Master
JTAG UART
Clock input clk_50
Reset Input [ck]
‘Avalon Memory Wapped Slave [cik]
On-Chip Memory (RAM or ROM}
Clock Input clk_50
‘Avalon Memory Mapped Slave [clk1]
Reset Input [clk1]
System ID Peripheral
Clock Input clk_50
Reset Input [clk]
‘Avalon Memory Mapped Slave [clk]
PIO (Parallel VO)
Clock Input clk_50
Reset input [cik]
‘Avalon Memory Mapped Slave [cik]
Conduit Endpoint led
Generic Tri-State Controller
Clock Input unconnected
Reset Input [ck]
‘Avalon Memory Wapped Slave [cik]
Tristate Conduit Master [cik]

3-10 Add CFI Flash completely

Base End

IRQ 31

Ox 00080800 (0x00080fff

0x00081010 (0x00081017

0x 00040000 (0x0007IEEE

0x00081018 |0x0008101F

0x00081000 (0x0008100F

5. Choose Library > Qsys interconnect > Tri-State Components >Tri-State Conduit Pin Sharer
to open the Tri-State Conduit Pin Sharer wizard. See Figure 3-11.

Component Library |

g, b3

E

[H-Sy=stem

Library

Configuration & Programming
Dsp
mbedded Processors
nterface Protocols
emories and Memory Controllers
Microcontroller Peripherals
Peripherals
LL
-(=ys Interconnect

--Interrupt

[ Memory-Mapped

EI--Tri—State Components

i@ Conduit Fin Divider

@ Generic Tri-State Controlier
@ Tri-State Conduit Bridge
Tri-State Conduit Bridge Tranzlator

2B Tri-State Conduit Pin Sharer
H-SLS

H-Werification

E

<

t-Window Bridge

| >

Figure 3-11 Add Tri-State Conduit Pin Sharer
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6. Modify Number of interfaces as shown in Figure 3-12.

7. Click Finish to close Tri-State Conduit Pin Sharer box, then rename it and return to the

* Parameters

MNurmber of Interfaces:

window as shown in Figure 3-13.

Figure 3-12 Modify Tri-State Conduit Pin Sharer

System Contents | Address Map | Clock Seftings | Project Settings | Instance Parameters | System inspecor | HDL Example | Generation

Use = Connections

) S—

—_—

4 M 4> N EXE

S
O
s
—
—

—

—
—
H—

Name
Instruction_master
jtag_debug_module_reset
jtag_debug_module
custom_instruction_master
B jtag_uart
clk
reset
avalon_jtag_slave
E onchip_memory2
clk1
81
resetl
B sysid_gsys
clk
reset
control_slave
B led
clk

external_connection
O cfi_flash
clk

Figure 3-13 Tri-State Conduit Pin Sharer

Description
Avalon Memory Mapped Master
Reset Output
‘Avalon Memory Mapped Slave
Custom Instruction Master
JTAG UART
Clock Input
Reset Input
‘Avalon Memory Mapped Slave
On-Chip Memory (RAM or ROM)
Clock Input
‘Avalon Memory Mapped Slave
Reset Input
System ID Peripheral
Clock Input
Reset Input
‘Avalon Memory Mapped Slave
PIO (Parallel ¥O)
Clock Input
Reset Input
Avalon Memory Mapped Slave
Conduit Endpoint
Generic Tri-State Controller
Clock Input
Reset Input
‘Avalon Memory Mapped Slave
Tristate Conduit Master
Tri-State Conduit Pin Sharer
Clock Input
Reset Input
Tristate Conduit Master

Tristate Conduit Slave

Export

Clock
Lk
[
[ck]

clk_50
[kl
[ch]

clk_50
[ck1]
[ck1]

clk_50
[ci
[kl

clk_50
[ci]
[

[kl
et
[

unconnected.
[clk]
[ci]
[cik]

unconnected.

Base End

0x 00080800 |0x0M

0x00081010 |0x00!

0x00040000 |0x00

0x00081018 Ox00

0X00081000 |0x00i

8. Choose Library > Qsys interconnect > Tri-State Components >Tri-State Conduit Bridge to
open the Tri-State Conduit Pin Bridge wizard. See Figure 3-14.
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Component Library |

8, X

Proje_{:‘l
----- I:Q New component....
+-System

H
t-Clock and Reset
t--Configuration & Programming
H-DSP
t-Embedded Procez=ors
t-Interface Protocols
t-Memaories and Memory Controllers
t- Microcontroller Peripherals
t-Peripherals
H-PLL
|- (sys Interconnect

--Interrupt

--Mernur'_.f—h'lapp-ad

Ié\‘--Tri—State Components

i@ Conduit Pin Divider

@ Generic Tri-State Controller
:
@ Tri-State Conduit Bridge Translator
» Tri-State Conduit Pin Sharer

#-5LS
[#-\erification
#-Window Bridge

< |*

Figure 3-14 Add Tri-State Conduit Bridge
9. Click Finish to close Tri-State Conduit Bridge box, and return to the window as shown in
Figure 3-15.

System Contents | Address Map | Clock Settings | Project Settings | Instance Parameters | System Inspector | HDL Example | Generation
4F | Use | Connections Name Description Export Clock bBase 1
x clk Clock Input cik_b0)
reset Reset Input [clk]
E avalon_jtag_slave \Avalon Memory Mapped Slave [clk] 0x00081010 |0z
= B onchip_memory2 On-Chip Memory (RAM or ROM}
- clkt Clock Input clk_50
s1 \Avalon Memory Mapped Slave [clk1] 0x000£0000 |03
v resetl Reset Input [chk1]
x B sysid_gsys System ID Peripheral
cl Clock Input lclk_50
7 reset Reset nput [cl]
control_slave \Avalon Memory Mapped Slave [ci] 0x00081018 |03
B led PIO (Paralel VO)
ck Clock Input clk_50
reset Reset Input [ck]
e s1 \valon Memory Mapped Slave [ci] 0x00081000 03
== external_connection Conduit Endpoint led
B cfi_flash Generic Tri-State Controller
— ck Clock Input
— reset Reset Input [l
— uas \Avalon Wemory Mapped Slave [cik]
He—— tcm |Tristate Conduit Master [clk]
B tri_state_bridge_flash_pinSharer_flash \Tri-State Conduit Pin Sharer
— ck Clock Input
— reset Reset Input [l
H— tcm |Tristate Conduit Master [clk]
= tcs0 |Tristate Conduit Slave [clk]
o tristate_conduit_bridge_0 Tri-State Conduit Bridge
— ck Clock Input
== reset Reset Input [ci]
d tcs |Tristate Conduit Slave [clk]
— out Conduit

Figure 3-15 Add Tri-State Conduit Bridge Completely
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10. Rename tristate_conduit_bridge_0 as shown in Figure 3-16.

11. Connect the clk. reset .

System Contents ‘ Address Map | Clock Settings | Project Seftings | Instance Parameters | System Inspector | HDL Exampie | ion|

4 | Use  Connections

= M4 bW ElIX

2

[ lJLL

Figure 3-16 Rename Tri-State Conduit Bridge

Name
clk
reset
avalon_jtag_slave
E onchip_memory2
clkt
81
reset]
B sysid_gsys
clk
reset
control_slave
B led
clk
reset
51
‘external_connection
B cfi_flash
clk
reset
uas
tem

B tri_state_bridge_flash_pinSharer_flash

clk
reset
tem
tcs0
= fiash_tri_state_bridge
clk
reset
tes
out

Description

Clock Input

Reset Input

\Avalon Memory Mapped Slave
On-Chip Memory (RAM or ROM)
Clock Input

\Avalon Memory Mapped Slave
Reset Input

System ID Peripheral

Clock Input

Reset Input

\avalon Memory Mapped Slave
PIO (Paraliel 1O)

Clock Input

Reset Input

\Avalon Memory Mapped Slave
Conduit Endpoint led
Generic Tri-State Controller
Clock Input

Reset Input

\Avalon Memory Mapped Slave
Tristate Conduit Master
|Tri-State Conduit Pin Sharer
Clock Input

Reset Input

|Tristate Conduit Master
|Tristate Conduit Slave
Tri-State Conduit Bridge
Clock Input

Reset Input

Tristate Condutt Slave
Conduit

Export

Clock Base E
cIk_s0

[clk]

[clk] 0x00081010 [0z
lclk_50

[clk1] 0x00040000 [0z
[clk1]

lelk_50

[clk]

[clk] 0x00081018 [0z
lclk_50

[clk]

[ck] 0x00081000 [0z
unconnected

[cl]

[clk]

[clk]

unconnected

[cl]

[cl]

[cl]

unconnected

[clk]

[clk]

tcs. tcm. tcsO and uas as shown in Figure 3-17.
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Figure 3-17 Connect signals

12. Click tri_state_bridge_flash_pinshare_flash in the component list on the right part to edit the
component. Click Update Interface Table and rename the Signal name as shown in Figure
3-18. Then click Finish to return to the window.
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|v Parameters
Mumber of Interfaces:

|' Sharing Assignment

To zhare a signal, type the same signal name in the Shared Signal Name column for all controllers that share that zignal

[ Update Interface Table ]

Interface Signal Role Signal Type Signal Width Shared Signal Name
cfi_flash.tcm address Output 26 fs_addr
cfi_flash.tcm outputenable_n Qutput 1 fl_read_n
cfi_flash.tcm write_n Cutput 1 fl_we_n
cfi_flash.tcm data Bidirectional 16 fs_data

cfi_flash.tcm chipselect_n Qutput

I

Figure 3-18 Update Tri_state_bridge_flash_pinshare_flash

13. Export out and Rename it to flash_tri_state_bridge_out as shown in Figure 3-19.
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Figure 3-19 Export out and Rename
14. Click nios2_gsys in the component list on the right part to edit the component. Change Reset
vector to cfi_flash as shown in Figure 3-20. Then click Finish to return to the window.
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Nios ll/fe Nios Il/s Nios II/f
. RISC RISC RISC
Nios Il 32-bit 32-bit 32-bit
Selector Guide Instruction Cache Instruction Cache
Branch Prediction Branch Prediction
Hardware Multiply Hardware Multiply
Hardware Divide Hardware Divide
Barrel Shifter
Data Cache
Dynamic Branch Prediction
Memory Usage (e.g Stratix V) | Two M3Ks (or equiv.) Two M3Ks + cache Three M9Ks + cache

|' Hardware Arithmetic Operation

Hardware multiplication type: Embedded Multipliers %

[[] Hardware divide

[~ Reset vector
Reset vector memory: cfi_flazh uas hd |
Reset vector offset: 0x00000000
Reset vector: 0x00000000

|' Exception Vector

Exception vector memory: onchip_memory2.s1 »
Exception vector offset: 0x00000020
Exception vector: 0x04040020

Figure 3-20 Update CPU settings

14. Choose System > Auto-Assign Base Addresses, then click Generate to generate the Qsys as
shown in Figure 3-21.

H Generate Completed r5_<|

@ Info: width_adapter: "DE2i_150_Q5Y 5" inzstantiated altera_merlin_width_adapter "width_ -
@' Info: Reusing file DMy _First_NiosIVDEZi_150_Q85Y S/synthesis/submodules/altera_merl
@ Info: irg_mapper: "DEZi_150_Q5Y 5" instantiated altera_irg_mapper “irg_mapper”

@ Info: pin_sharer: “tri_state_bridge_flazsh_pinSharer_flash” inztantiated altera_tristate_c
@ Info: arbiter: "tri_state_bridge_flash_pinSharer_flash” inztantiated altera_merlin_std_a
@' Info: tdt: “cfi_flash” inztantiated altera_tristate_controller_translator “tdt”

@ Info: tda: "cfi_flash” inztantiated altera_tristate_controller_aggregator “tda”

@ Info: DE2i_150_Q5YS5: Done DE2i_150_Q5Y5" with 35 modules, 97 files, 2963182 bytes

@ Info: ip-generate succeeded.

@' Info: Finizhed: Create HDL design files for synthesis E
< | >

@ Generate Completed. 0 Errors, 0 Warnings

Figure 3-21 Generate Qsys
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3.2 Modify the myfirst_niosii.v

1. In the Quartus 11, modify myfirst_niosii.v as below.
module My _First_NioslI(

HHHHTTTTCLOCK/HTTTIT

CLOCK_50,

HITHTTTELASHINITIT

FL_CE_N,

FL_OE_N,

FL_RESET N,

FL_RY,

FL_WE_N,

FL_WP_N,

[11lIData and Address bus shared by Flash /111111

FS_ADDR,

FS_DQ,

HHTILEDIIIT

LED

input CLOCK _50;
output FL_CE_N;

output FL_OE_N;
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output FL_RESET N,
inout FL_RY;

output FL_WE_N;
output FL WP _N;

output [26:0] FS_ADDR;

inout [15:0] FS_DQ;

output [7:0] LED;

DE2i_150 QSYS u0(
clk_clk (CLOCK_50),
reset_reset n (1'bl),
flash_tri_state bridge out fs_addr(FS_ADDR),
flash_tri_state bridge out fl we n(FL_WE_N),
flash_tri_state_bridge_out_fl_read_n(FL_OE_N),
flash_tri_state bridge out fs_data(FS_DQ),
flash_tri_state bridge out fl cs n(FL_CE_N),

Jed_export (LED),

/[Flash Config

assign FL_RESET_N =1'b1;

assign FL WP_N  =1'b1;

endmodule

2. Re-compilation myfirst_niosii project.
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3.3 Re-assign pins

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

Node Name Location
CLOCK 50 PIN_AJ16
FL_ADDR[0]

FL_ADDR[1] PIN_AB22
FL_ADDR[2] PIN_AH19
FL_ADDR[3] PIN_AK19
FL_ADDR[4] PIN_AJ18
FL_ADDRI[5] PIN_AA18
FL_ADDR][6] PIN_AH18
FL_ADDR[7] PIN_AK17
FL_ADDRJ8] PIN_Y20
FL_ADDRI[9] PIN_AK21
FL_ADDR[10] PIN_AH21
FL_ADDR[11] PIN_AG21
FL_ADDR[12] PIN_AG22
FL_ADDR[13] PIN_AD22
FL_ADDR[14] PIN_AE24
FL_ADDR[15] PIN_AD23
FL_ADDR][16] PIN_AB21
FL_ADDR[17] PIN_AH17
FL_ADDR][18] PIN_AE17
FL_ADDRJ[19] PIN_AG20
FL_ADDR][20] PIN_AK20
FL_ADDR[21] PIN_AE19
FL_ADDR[22] PIN_AA16
FL_ADDR[23] PIN_AF15
FL_ADDR[24] PIN_AG15
FL_ADDR[25] PIN Y17
FL_ADDR[26] PIN_AB16
FL CE_N PIN_AG19
FL_DQI0] PIN_AK29
FL_DQ[1] PIN_AE23
FL_DQ[2] PIN_AH24
FL_DQI3] PIN_AH23
FL_DQ[4] PIN_AA21
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FL_DQI[5] PIN_AE20
FL_DQI[6] PIN_Y19
FL _DQI[7] PIN_AA17
FL_DQI8] PIN_AB17
FL_DQI9] PIN_Y18
FL_DQ[10] PIN_AA20
FL_DQ[11] PIN_AE21
FL_DQ[12] PIN_AH22
FL_DQ[13] PIN_AJ24
FL_DQ[14] PIN_AE22
FL_DQ[15] PIN_AK28
FL OE_N PIN_AJ19
FL RESET N PIN_AG18
FL RY PIN_AF19
FL WE_N PIN_AG17
FL WP_N PIN_AK18
LEDIO] PIN_AA25
LED[1] PIN_AB25
LED[2] PIN_F27
LEDI3] PIN_F26
LED[4] PIN_W26
LED[5] PIN_Y22
LED[6] PIN_Y25
LED[7] PIN_AA22
2.Re-compilation My _First_NioslI and re-download My First_Niosll.sof to the

development board.
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3.4 Re-Configure Nios Il BSP Editor

1. In the NIOS 1 SBT for Eclipse, right-click My_First_Niosii_bsp and choose Nios Il > Generate
BSP. See Figure 3-22.

% Generating BS5P... (Hy First NiosII h=p)

i ] Generating BSF. .. My _First HiosIT bsp)

Dﬁ.lwajrs run in background

[Fﬂm in Eackg;rnu.nd] [ Cancel ] [ Details >

Figure 3-22 Generate BSP
2. Re-build My_First_NioslI project.

3.5 Programming the CFI Flash

1. Choose Nios I1> Flash Programmer to open Nios Il Flash Programmer box. See Figure 3-23.

Hius IT Flash Programmer

File Options Tools Help

Target hardware information
BSP Settings File name:
SOPC Information File name:
CPU to program fiash:
Hardware connection: |Ccnnectiar1: UsB-Blaster on localhost [USE-0]  Device: EP4CGX150@1 Device ID: 1 CPU Instance ID: 0 CPU Name: nios2_0  CPU Architecture: Nios2 | |_ Connections. .. _|

Nios Il Flash Programmer

This tool is the GUI version of the command line tool: nios2-flash-programmer-generate
It parses a SOPC Information File or Board Support Package (BSP) Settings File, and dynamically creates a tab for each flash device found.
Each Flash tab allows multiple files to be added to a list for eventual conversion to flash and programming to its target flash device.

Use the File-=New menu item from the top level menu bar to create a new flash settings project,
or open an existing project using the File-=Open menu item.

Information | Problems | Processing

Figure 3-23 Flash Programmer Box
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2.Choose File > New to open New Flash Programmer Setting File box as shown in Figure 3-24.

HE' Flash Programmer S5ettings File

() zet flash programmer system details from BSP Settings File

() Get flash programmer system details from SOPC Information File

SOPC Information File name: | | [ ]I

Master CPU name:

Flash memory:

K, Cancel

Figure 3-24 New Flash Programmer Settings File

3.Click the botton which is mark in Figure 3-24,and open Select SOPC Information Design File box
as shown in Figure 3-25.

Selet:t S0PC Information Dezign File

Lookin: | [ My_First_NiosI! ~ *EE

I .gsys_edit

’__j = db

|y DEZi_150_QSYs

Becent ) flash
= I3 incremental_db
[ | script

55 |5 Software
[ DEZi_150_Q5Ys.sopdnfo

FAIr Y
FF B g

.% File name: |DE2i_1EU_QS"|"S,supdnﬁ: | [ Select ]
FIESERE  Files of type: | SOPC Information File (.sopcinfo) v | Cancel

Figure 3-25 Select SOPC Information Design File[1]
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4.Select “DE21_150_QSYS.sopcinfo” file, and click Select to back as shown in Figure 3-26.

HE' Flash Programmer S5ettings File

() Get flash programmer system details from BSF Settings File
() Get flash programmer system details from SOPC Information File

SOPC Information File name: |D:Wy_First_NiusII‘l,DEZi_lEU_QS\"S.supdnﬁa | [...

Master CPU name: | nios2_gsys A4

Flash memory: cfi_flash

[ Ok ] [ Cancel ]

Figure 3-26 Select SOPC Information Design File[2]

5.Click ok to back the Nios Il Flash Programmer box as shown in Figure 3-27,and click add.. to select
file to Flash Conversion as shown in Figure 3-28.

&Hius ITI Flash Programmer |z”§|rg‘
File Options Tools Help

Target hardware information
BSP Settings File name:
SOPC Information File name:  D:\My_First_NiosII\DE2i_150_Q5Y5.sopcnfo

CPU to program flash: nios2_gsys

Hardware connection: |Connection: USB-Blaster on localhost [USB-0] Device: EP4CGX150@1 Device ID: 1 CPUInstance ID: 0 CPU Name: nios2_0  CPU Archi... Cunnectluns
Flash: cfi_flash
Base address: Ox0 Memory span:  0x4000000

Master CPU: nios2_gsys

Files for flash conversion:

File Name Conversion Type Flash Offset

File generation command:

[ -
Information | Problems | processing
4, Obtaining system ID information for selected processor
0 Mo files have been added for conversion to target flash files,
Exit
Figure 3-27 Back Nios Il Flash Programmer
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Sele-::t File for Flash Conversion

Lookin: | () My_First_NiosII

- =) obi
,.J [E My_First_NiosILelf

Becent

=
E
Kl

S
;

~/

HEIIH

59

FR L B

~
‘g File name: |My_First_NinsII.eIf | [ Select ]
FILSERE  Fies of type:  [Nios 11 ELF File v | Cancel

Figure 3-28 Add File for Flash Conversion
6.Add My_First_Niosll.elf to Flash Conversion and click Start to Program Flash as shown in Figure

3-29.

Hius II Flash Programmer

File Options Tools Help

Target hardware information
BSP Settings File name:

SOPC Information File name: D:\My_First_NiosII\DE2i_150_QSYS.sopcinfo

CPU to program flash: nios2_gsys
Hardware connection: |Connechon: USB-Blaster on localhost [USB-0] Device: EP4CGX150@1 DeviceID: 1 CPUInstance ID: 0 CPUName: nios2_0  CPU Archi... ‘ [ Connections. ..
Flash: cfi_flash
Base address: 0x0 Memory span:  0x4000000

Master CPLI: nios2_gsys

Files for fash conversion:
Flash Offset

File Mame Conversion Type E
<no offset )] Remove

1: Wy First MiosIT\Software'My First MiosII'My First NiosIT. elf

File generation command:
N R

| 1£2flash ——input="D:/My First NiosII/Softiware/My First HiosII/My First NiosII. elf”

Information | Problems |Pmce5§mg|

Figure 3-29 Start Program Flash
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7.When program flash completely,the console tab displays as shown in Figure 3-30.

Hios II Flash Programmer

File Options Tools Help
Target hardware information

BSP Settings File name:
SOPC Information File name:  D:\My_First_NiosIT\DE2i_150_Q5YS.sopcinfo
CPU to program flash: nios2_gsys

Hardware connection

Flash: cfi_flash

Gl |Coﬂnech'm: USB-Blaster on localhost [USB-0] Device: EP4CGX150@1 Device ID: 1 CPU Instance ID: 0 CPU Mame: nies2_0  CPU Architecture: | [ Connections...

Base address: 0x0 Memory span:  0x4000000
Master CPU: nios2_qsys  .zip file system offsetin BSP:
Files for flash conversion:
File Mame Conversion Type Flash Offset

File generation command:
——end=0x4000000 —-reset=0x0 ——verbose

*| ot )

A

| tnformation | Problems | PVOOESSiI"QI

00000000 { 0%): Erasing
Erased 128kB in 0.2s (640.0kB/s)

-~
00000000 { 0%:): Programming

Programmed 39KB +89KB in 1.6s (80.0KB/s)

Device contents checksummed OK =
Leaving target processor paused v
< i | 3

Figure 3-30 Program Flash completel

8. Restart power on the board. Download My_First_Niosll.sof of your project “My_First_NioslI”.
You will see that the led blinks.
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