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Introduction

This document is a fundamental guide for user that would like to get started in building a system in Qsys
Pro and Quartus Prime and running a very simple software using a Arria 10 development kit. This user
guide starts by creating the Quartus Prime project and Qsys Pro files from scratch.

Hardware:
e Arria 10 SoC development kit 10ASO66N3F40E2SG
e Power adapter
e USB Blaster

Software:
e Quartus Prime Pro version 17.0
o Please refer to this link for Arria 10 SoC development kit documentation and installation files

Creating a new project in Quartus Prime Pro

We shall start designing the hardware by including the components needed into Qsys Pro. Here are the
steps to do it:

1. Open Quartus Prime Pro and click on “New Project Wizard” to create a new project.
2. The “New Project Wizard” box will be displayed.



https://www.altera.com/products/boards_and_kits/dev-kits/altera/arria-10-soc-development-kit.html
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3. Click “Next”.
4. Enter the directory and the new name for the project.




Nios Il Hello World

[datafkliew/project/temp/basic_pro ﬂ
quartus ato]

uarwsa0 ey

5. Leave the Project Type to be default Empty Project. Click “Next”.
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6. For now, leave the Add Files section to be empty. We will add files into the project after generation
in Qsys Pro. Click “Next” to proceed further.
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& () New Project Wizard <@pg-nxext0005> —

Add Files

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.

Note: you can always add design files to the project later.

File name: §
L 1 b 4
File Name Type Library Design Entry/Synthesis Tool HOL Version
Specify the path names of any non-default libraries.  User Librarles... |
| Help < Back Mext = Finish

® @

Add

Add All

Remove

up

Down

Cancel

&

Properties

7.

In the Family, Device & Board Settings section, search for the Arria 10 SoC development kit device

number that you are using. In this example, we are using 10ASO66N3F40E2SG.
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Uk () New Project Wizard <@pg e = ~) (=~

Family, Device & Board Settings
Device | Board

Select the family and device you want to target for compilation. You can install additional device support with the Install Devices command on the Tools menu.
To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in ‘Available devices' list
Family: Arria 10 (GX/SX/GT) v Package: Any v
Device: All v Pin count: Any v
Core speed grade: Any v
Target device
Transceiver speed grade: Any v
» Specific device selected in ‘Available devices' list
=P Name filter: 10as066n3f40e2sg
Gthar:in/a +| show advanced devices
Avallable devices:

Name Core Voltage ALMs Total I/Os GPIOs HSSI Channels PCle Hard IP Blocks Memory Bits
TOASOG66N3F40E25GE2 0.9V or 0.95V 251680 812 588 48 2 43642880 2
<[ J 1<>
Help < Back Next > Finish Cancel

8. Click “Next”.
9. Since we are not doing simulation in this example, set the Simulation to None. Click “Next”.
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Ch () New Project Wizard <@pg-nxex &) =
EDA Tool Settings
Specify the other EDA tools used with the Quartus Prime software to develop your project.
EDA tools:
| Tool Type Tool Name Format(s)
Design Entry/sy... <None> v || <None= W
Simulation <None> -
Board-Level Signal Integrity <None> v
Help | <Back Next = Finish | | Cancel

10. The summary of the project settings will be displayed. Click “Finish” to create a new Quartus Prime

Pro project with those settings that you have previously entered.
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11. This is how it would like in Quartus Prime Pro after it successfully created the project.
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File Edit View Project Assignments Processing Tools Window Help Search Intel FPGA ®
Of (% D09 ¢ |quartus a0 Vi ES DRSO OBANEW @
|Project Navigator G H®® @ compilation Dashboard (x] IP Catalog Teow
Instance Entity > Project Overview S X
A% Arria10: ‘10A5066N3F4DEZSG‘ - d Installed IP
[ » quartus_a10 & Compilation Flow w - Project Directory
» Compile Design | No Selection Available
&* P IP Generation =Libraty
» Basic Functi
e 4 P Analysis & Synthesis v : D::c PSR
» o
B P Fitter V + Interface Protocols
- Fitter (Implement) 4 + LowPower
| P Plan -] + Memory Interfaces and Con
I : — ‘ | "¢ Early Place POR + Processors and Peripherals
I |
o Hiers =] Filet 4% Designl  IP Compon & iince 5 + University Program
Tasks He® » Route o0 @ search for Partner IP

'Projoct P Fitter (Finalize) o9

Assignments + Add

~
" Revisions... o4 % TimeQuest Timing Analysis (Signoff) @
Project Files i o P Power Analysis i
[ New... < v P Assembler (Generate programming files) o
'~ Open.. , \
< P EDA Netlist Writer
I Add/Remove Files in Project... .
& Qsys Pro = T
L IP catalog o
v
| A

o (O | A | s

®| - - <<Filter>> v | UseRegularExpressions @8 Find.. | @ Find Next |
w @ m © © o

[ Message Message ID

+ € Can't connect to the Intel FPGA website to check for updates. 14565 |

w
@
&
@ f
&  system(1) | Processing |

Building Hardware Design in Qsys Pro

Creating a new Qsys Pro file

1. From Quartus Prime Pro, open Qsys Pro by clicking the Qsys Pro shortcut button at the top middle
section of the GUL.

11




Nios Il Hello World

File Edit View Project Assignments Processing Tools Window Help

Search Intel FPGA ®
D H¥ 50D ¢ [aarusao vicese orris onfalow e
Project Navigator aTe® |ac \Dashboard (] IP Catalog Tex
Instance Entity > Project Overview LS X =
4 Arria 10: 10ASO66N3F40E25G - 4 Installed IP
* quartus_al0 & Compilation Flow w - Project Directory
P Compile Design No Selection Available
e P IP Generation - Library
» A 5 > + Basic Functions
o P Analysis & Synthesis <
" 4 + DsP
. B=: Fitter h + Interface Protocols
P Fitter Implement) @ + LowPower
P Plan o0 + Memory Interfaces and Con
| =5 i [ "1 Early Place SON + Processors and Peripherals
s Hiers | | Filer 4" Design ompon » Place o0 + University Program
Tasks Toe b itolita o) @ search for Partner IP
Project ! W Fitter (Finalize) o9
! Revisions... & % TimeQuest Timing Analysis (Signoff) o
Project Files 74 P Power Analysis L4
'p Naw. L |2 P Assembler (Generate programming files) @
% Open..
o P EDA Netlist Writer
I’ Add/Remove Files in Project... b
& Qsys Pro % o
L& IP Catalog o
Assignments v [ t+ Add.
® | I F
& 0 O | Al Tl | A Filter>> v || UseRegularExpressions @8 Find.. | @8 Find Next
-l M © © © N |
'Message Message ID
+ € Can't connect to the Intel FPGA website to check for updates. 14565

| system (1) | Processing

2. Qsys Pro will start up and a “Open System” box will be displayed. The Device Family and the Device
Part will be taken from the project settings that has been set in Quartus Prime Pro.

& O Open System <@pg-nxext0005=> @ @ ®

[ systern | IF variant |

Select the Quartus Prime Pro project file and Qsys system flle ta apen.

Quartus project: |,fdata,fk.lIew,"project,ftemp;baslc_profquanus_alo.qpf |v||I|| [¥ |

Rewislon: |quanus_a10 |v| | [® |

= Device Family and Part

Device family: |Set by Quartus projact | || REetrieva Valuas
Device part: |Set by Quartus project | |
Cisyys system: |,fc:iata,"klIew,f;:nroject,ftemp,fbaslc_pro,ﬁl |v||:|| |} |

1y, Qsys system not specified

[F

3. Inthe Qsys System section, click on the icon.
4. Create a new Qsys Pro file by giving a new name to the .gsys file. Click “Create”.

12
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F-5 @ Open System <@pg-nxext0005=

System IP Y ariant |

Select the Quartus Prime Fro pro & O BaviDeys)System .s@pg-nxex 22 @ @ ®

Quartus project: E Laok |n: |U basic_pro |V| |E:E:|E:

Ra[Em |

Revision: E = ol

B Device Family and Part

Davice family.

FHIE

Device part:

File Mame: |qsvs_a10 |

=]

Qsys system:

Files of Type: |QS\,-S System Files (7. gsys) |v|

Create || Cancel |

vy, Osys system not specified

L]

% () Open System <@pg-nxext0005> — —

System | IP variant |

®e

&

Select the Quartus Prime Pro project flle and Qsys system flle to open.

Quartus project: |,.fdata,l’klIew,fproject,.ftemp,fbaslc_pro,fquanus_alo.qpf

=)L

Fevision: |quar‘tus_alo

-] L3

= Device Family and Part

Device family. |SET by Quartus project | || Retrieve Values
Device part: |Set by Quartus project | |
Qsys systerm: |fda!af’k.'.'ew,fpmjert;’rempﬁbas.‘c_pm;’qsw_al 0. gsys |v | I:H [®] |

Create ||

Exlt

5. Click “Create” again and it will automatically create a new system for you.

13
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(%]

Al

5N 'ﬁ

-ﬂ. o Create New System Completed =@pg-nxextD005> —

O ®

@ Info;
@ info;
i Info;
& Info:
@ Infa:
@3 Info
&0 Info
@@ Info
&9 Info:
@ Infa:

AT TR T

PR

oo

fswip_build/releases/acds,17.0/235/linux6d/ip/altera/ altera_compon
Sswip_build/releases/acds/17.0/ 235/ linuxed fip/*/* matched 101 files
Sswip_buildfreleases/acds/ 170/ 235/0ip/ " /™ matched O flles (n 0,00 sec
Feading index fswip_build/releases/acds/17.0/ 235/ linux6d / quartus, si
[swip_build/releases/acds/17.0/ 235/ linuxt4d/ quartus/ sopc_builder/ b
fswip_build/releases/acds,17.0/ 235/ linux64, quartus, sopc_builder/**| |
fswip_build/releases/acds/17.0/ 235/ linux64/ quartus/ common/ librari
fswip_build/releases/acds/ 17,0/ 235/ linuxo4d/ quartus;/ sopc_builder, bi
fswip_build/releases/acds/17.0/235/ linux6d/ quartus,/sopc_builder/ hi
fswip_huildfreleasesfacdsf1?.l]f235f|inuxﬁ4fquartusfsupc_huilderfhi_

e e e T e e

WA W R

LIl S R TS S

1]

8

(£ Create New System: completed successfully,

3

Close

6. Click “Close”.

7. This will be the default design that is available once you create a Qsys Pro from scratch. By default,
the Clock Bridge and Reset Bridge is already made available for you in the empty design.

File Edit System Generate ¥iew Tools Help
.Il‘l L. Hieral & P Catalop & ‘ - o ‘I:' System Conte &4 | Address Map & ‘ Interconnect Rec ZS| Detalls & ‘ -0 E Earamn’ § Systerm Inf &3 ‘ Compaoner - o
[=] x HECIRE |—||—”_‘5yslem: gsys_.alo  Path: reset_in System: gsys_al0  Path: reset.in
Z HDL entity P
= e m Use | Conn... Marne Description Expon CFrT svs.al0.red flle [p/asvs_a10/asys.a10.]
= asys_all [asys_ai0.qsys] [ B clock_in Clock Bricae ' deYS-810-T89 e [D/9eVS. 8. LAY 8 ).
] < <add module> > in.clk Clack Input clk Any changes here will e immediately written out 1o disk.
< < <add subsystem> > \il out_clk Clock Output N
w | | o B Exponts =R B resetin Reset Bricge Reset Bridge
& | |7 B Modules clk. Clack Input altera_reset_bridge Detalls
I & clock.in E‘ in_reset Reset Input reset = ‘
o O reset.in [a] ouit_reset Reser Output [ Parameters
o [ Connections [ ] Active low reset
Synchronous ecges: =
Number of reset outputs: [1
[ Use reset request signal
4] Il [»
WWE‘ m Current filter:
o System Messages (53 =]
Type | Path ‘ Message Parameterization Messages
Type Message
D Component Instantiation: O Errars, 0 Warnings, System Connectivity: 0 Errors, 0 Warnings ‘ [ sync Al systerm Infos H 8 validate System Integrity || Genarate HOL, H Finish |

14
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Adding components into the system

1. Atthe left top corner of the GUI, switch the tab from “Hierarchy” to “IP Catalog” to search for the
IPs that is already available in the Catalog to use.

2. Atthe * icon, type in the name of the IP that you would like to add into the system.

Adding Nios Il Processor

1. Search for “Nios Il Processor” in IP Catalog.

2. Double click on the Nios Il Processor IP in “Embedded Processors” under “Processors and
Peripherals” section.

3. The Parameter box of Nios Il Processor will be displayed.

£ () Nios Il Processor - qsys_al0_nios2_gen2_0 <@pg: = ©®E ®

¥40n all desktops rocessor
megacen:  AllEra_nios2_gen2 Documentation
—

- ]
~ Block Diagram | : =
[ show signals Arithmetic Instructions f’ MMU and MPU Settings f' JTAG Debug T'Advaﬂced Features \
B Main I Vectors ¥ Caches and Memory Interfaces
qsys_al0_nios2_gen2_0 ; [ selectan
Mios Il Core: = njigs I1je
clic " nios_custom_instruction custom_instruction_master @ Nios W
debug mem_siave | o avalon data_master
g Interrupt reset debug reset requesy | Nios Il/e Nios II/f
L A8l 0 e INStTUCTION MAStEr] | Summary |Resource-optimized 32-bit RISC Performance-optimized 32-hit RISC
altera_nios2_genz [ | Features | JTAG Debug JTAG Debug

ECC RAM Protection Hardware Multiply/Divide
Instruction/Data Caches =|
Tighuy-Coupled Masters
ECC RAM Protection
BExternal Interrupt Controller
Shadow Register Sets

MPU

MMU

RAM Usage |2 + Options 2 + Options

Parameterization Messages

Twpe Message
%]
@  |Please Sync All System Infos before attempling to resolve the following error messages
€  |Instruction Cache is larger than the Instruction Address, Please reduce the Instruction Cache Size. Current Tag Size is O
(3 Feset slave is not specified. Please select the reset slawve
@  |Exception slave is not specified. Please select the exception slave

IP folder: |ip/gsys_alo || ...| HDL entity name: ‘qsvs,alo,niusz,genz,o

4. Click “Finish”. Leave the settings to be default for now. We can change it later.

Note: Nios Il/f core will need a license. If you are creating a very simple design that does not need to use

the full feature of the processor, you can use Nios ll/e core, which is free.

Adding On-Chip Memory

1. Search for On-Chip Memory in the IP Catalog.

2. Double click on the On-Chip Memory (RAM or ROM) IP in “On Chip Memory” under “Basic
Functions” section.

3. The Parameter box of On-Chip Memory will be displayed.

15
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-A O ‘On-Chip Memory (RAM or ROM) - gsys_al0_onchip_memory2_0 <@pg:

“ On-Chip Memory (RAM or ROM)
Megotore  AllEra_avalon_onchip_memory2 Documentation
—
- - 4 afd
™ Block Diagram —
I:IRSh K ; I‘ HE Memory type | ¥
o slghals i
a Type: RAM (Writable) -
qsys.al0_onchip_memory2 0 [ Dual-port access
i il Osingle clock operation
clk: #
p———clock Read During Write Mode: l:l_‘
1 i
i Block type: AUTO =
resetl | o B
altera_avalon_onchip_memory2 i v
o |” Size
[ Enable different width for Dual-port access
Slave 51 Data width: —
A Tota memory size; |a098 | ovtes
[C] Minimize memory block usage (may impact fmazx)
[ Read latency
A Slawe s1 Latency: : 1
4 Slave 52 Latency: |:|_|
| [* ROM/RAM Memory Protection ]
Z| Reset Request: Enabled =
| [F ECC Parameter |
Extend the data width to support ECC bits: [pisapled |~
Parameterization Messages
Tywne Message
(Mo messages)
IP folder: |[ip/gsys_a10 || HDL entity name: ‘qsvs_alo_un[hlu_memmvz_o

4. Click “Finish”. Leave the settings to be default for now. We can change it later.

Adding JTAG UART
1. Search for Jtag Uart in the IP Catalog.

2. Double click on the Jtag Uart IP in “Serial” under “Interface Protocols” section.
3. The Parameter box of Jtag Uart will be displayed.

16
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{ £ () JTAG UART - gsys_al0_jtag_uart 0 <@pg- = @
& JTAG UART
Meguterss  Altera_avalon_jtag_uart Raocumentation
‘ 4
~ Block Diagram
[ 9 l ' [~ Write FIFO @ata from Avalon to JTAG) | "
[[]show signals | Buifer depth (thiesy |54
gsys_al0_jtag uart 0 AR |8 l
|| Construct using registers instead of memaory blocks
1k i
lock  interrupt, :
Vo " ‘| [7_Read FIFO (Data from |TAG to Avalon)
eset Buffer depth (oytes): 54
Evmﬂn tag_slave sitioh

altera_avalon_jtag uart

Parameterization Messages
Type |
9 A

IRQ thresholl: E] |

[] Construct using registers instead of mermary Blocks

Message

IP folder: |ip/osys_alo

ITAG UART P input clock need to be at least double 2x) the operating frequency of JTAG TCK on board

|| | HDL entity name: ‘q;ys_alo_ﬁag_uan_o

4. Click “Finish”. Leave the settings to be default for now. We can change it later.

Connecting the IPs instantiated

Clock Bridge:

_nios2_gen2_0.clk

clock_in.out_clk

v

_onchip_memory2 0.clk

_jtag_uart_0.clk

v

v

Reset Bridge:

_hnios2_gen2_0.reset

reset_in.out_out_reset

v

_onchip_memory2_0.resetl

_jtag_uart_O.reset

v

Nios Il Processor:

_onchip_me | _jtag_u | _jtag_ua | _nios2_ge | _onchip_mem | _jtag uar
mory2_0.s1 | art_0.s1 | rt_0O.irq | n2_O.reset | ory2_O.resetl | t_O.reset

_nios2_gen2_0.dat v

a_master

_nios2_gen2_0.inst v v

ruction_master

_nios2_gen2_0.irq

_nios2_gen2_0.deb

ug_reset_request

17
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5. The full system after connecting all the IPs in Qsys Pro are as shown below. We shall eliminate all the

errors and warning next.

Eliminating warnings and errors

Error: Base address overlaps

ht: System Contents S@—| Address Map | Interconnect Reguirements 25 | Detalls &2 | = [=f (=]
|_| |_| |—| System: gsys_alo  Path: gsys_alo_jrag_uar 0 reset !
m Use Cannections Marme Cescription Expart CIDEH
|‘| Bl clock_in Clack Bricige
== (= in_clk Clock Input clk exporte
Iﬁl aut_clk Clock Output clack_in_
|Ej| [w] E reset_in Reset Eridge
clk Clock Input clock_in
|¥| (= in_reset Feset Input reset [clk]
I:‘ aut_reset Feset Output [clk]
E gsys_al0_nios?_gen2_0 Mios Il Processar
clk Clack Input clock_in
custom_instruction_master Custom Instruction Master
I — data_rmaster Asalon Memory Mapped Master [clk]
> debug_rmeam_slawve Awalon Memary Mapped Slave [clk]
r—b debug_reset_request Feset Qutput [clk]
instruction_master Awalon Memory Mapped Master [cli]
p— irg Interrupt Receiver [clk]
raset Resat Ingput [clk]
[w] E gsys_al0_onchip_memory2_0 |[On-Chip Memory (RAM ar ROM)
clk1 Clock Input clock_in
resetl Feset Input [clk1]
51 Awalon Memory Mapped Slave [clk1]
[#] B gsys_al0_jtag_uart_0 I TA0 UART
avalon_jtag.slave Asvalon Memaory Mapped slawve [clk]
clk Clock Input clock_in
- irg Interrupt Sender [clk]
» reset Reset Input [clk]
4] T | [»
|"|||f|i|| I:fl |‘?| Current filter:

ﬂ asys_alD.qsys_alD_nios2_gen2_0.data_master qsys_all_jtag_uart_D.avalon_jtag_slave (Ox0. 0x7) overlaps qsys_al0_onchip_memory2_0.s1 (Ox0, Oxfffy
[ ] qsys_al0.qsys_al0_nios2_gen2_0.data_master qsys_all_onchip_memory2_0.s1 (0xd, Oxfif) owerlaps gsys_ali_jrag_uvart 0.avalon_jtag_slave (0x0. 0x7)
_o qsys_al0.qsys_al0_nios2_gen2_0.data_master qsys_al0_nios2_gen2_D.debug_mem_slave (Ox800 0xff) averlaps qsys_al0_onchip_memory2_0.51 (0x0. Oxfff)
ﬂ qsys_al0.qsys_al0_nios2_gen2_0.instruction_master|qsys_al0_jtag_uvart_D.avalon_jtag_slave (Ox0, Ox7) overlaps qsys_al0_onchip_memory2_0.s1 {Ox0, Oxfff)
1. Go to “System” and click on “Assign Base Addresses”.
2. Errors will still be seen in the “System Messages”.
Type Fath Message
9 M 4 Component Instantiation Warnings
oy qsys_al0.qsys_al0_nios2_gen2_0 System Information doesn't match requirements of 1P, Double-click 10 open System Info tab,
/A |gsys_all.qsys_alO_nios2_gen2_0 Errors found in IP parameterization.
A, qsys_al0.qsys_al0_jtag_uart_0 Systerm Information doesn't match requirements of IP. Double=click to apen System Info tab
/& |gsys_all.qsys_alD_jtag_uart_0 warnings found in IP parammeterization
v @ S System Connectivity Errors
@ Qsys Pro Tip Please Sync All System Infos before attempting to resolve the following error messages
0 asys_all.qsys_al0_nios2_gen2_0.data_master qsys_al0_onchip.memory2_0.s1 (0x1000, 0x1fff) is outside the master's address range (0x0., Oxfff
[ ] qsys_al0.qsys_alO_nios2_gen2_D.data_master qsys_al0_nios2_gen2_O.debug_mem_slave (0x2800. 0x2fff) (s outsice the master's address range (Oxd. Oxfif)
{n qsys_al0.gsys_alO_nios2_gen2_0.data_master gsys_alD_jtag_uart_O.avalon_jtag_slave (Ox3000 0x3007) is outside the master's address range (Ox0. 0xfr)
ﬂ asys_all.qsys_al0_nios2_gen2_0.instruction_master| qsys_al0_onchip_memory2_0.51 (Ox1000, 0x 1fff) is outsicde the master's address range (Ox0, Oxfff)
€ |gsys_al0.qsys_alO_nios2_gen2_0.instruction_master|qsys_al0_nios2_gen2_0.debug_mem_slave (0x2800. 0x2M(7) s outside the master's address range (0x0. 01

Click on “Sync All System Infos”. This will sync what is instantiated in the system which is in the .qsys
with the IPs as defined in the .ip files.

18
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| & () Sync All System Infos Completed <@pg-nxext0005> — (v) (~) ® |
LIENE)

@ Info: Synchronizing system infos for clock_in

@l Info: synchranizing swstem infos for resetin

& Info: synchronizing system infos for gsys_al0_nios2?_gen2_0

Iﬂ Info:. Synchronizing swstem infos for gsys_al0_onchip_memory2_0
@ Info: synchronizing system infos for gsys_alo_jtag_uare_0

A

A

() Syne Al System Infos: completed successfully:

Clase

b..

Error: Errors found in IP parameterization

A |qsys_all].qsys_all]_niusz_genz_l] |Errurs found in IPF parameterization,
- T T

1. Click onthe gsys_al0_nios2_gen2_ 0 IP. At the right side of the GUI, you will see the “Parameter”
box displayed.

2. Go tothe “Vector” tab.

3. Under “Reset vector”, at the “Reset vector memory” dropbox, select
gsys_al0_onchip_memory2_0.s1 to set the reset vector to on chip memory.

4. Under “Exception Vector”, at the “Exception vector memory” dropbox, select
gsys_al0_onchip_memory2 0.s1 to set the exception vector to on chip memory.

5. The errors previously displayed in the “Parameterization Messages” in the Nios Il Processor
parameter box has disappeared.

"3 Parameters. 53‘ System Info 53| Component Instantiation S3| -3
System: gsys_al0  Path: gsys_al0_nios2 _gen2 0

HDL entity name: gsys_alo_nios2 _gen2 0 IP file: ip/osys_alojfgsys_alO_nios2 _gen2 _O.ip
Any changes here will be immediately written out to disk.

Nios Il Processor

altera_nios2 _gen2 Details

[ Main | wectors | Caches anct Memory Interfaces | Arithmetic Instructions | MMU and MPU Settings | JTAG Debug | Advanced Features

[~ Reset Vector

Reset vector memory: |qsys,alo,unchlp,memury2,0.sl |V‘
Reset vector offset: [oxoooa0aon
Reset wectar:

[~ Exception Vector
Exception wvector memory |q5ys_alo_unch|p_memury2_0.sl |v‘
Exception vectar offset |oxo00000z0 |
Exception vectar,

~ Fast TLB Miss Exception Vector

Fast TLB Miss Exception wvector memony: | | ‘

Fast TLB Miss Exception vector offset
Fast TLB Miss Exception wector:

Parameterization Messages

Type Message
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6. The whole system that you have designed will be cleaned with errors and warnings.

File Edit System Generate Yiew Tools Help
.Il‘l Hierare & [™Ip¢ & - of O|| 12 System Cortents 9| Address Map ES| Interconnect Recuirements 2}3| Detalls 23‘ - o|| 8 pal” - o
E ™ e /[ [ ][] [ system: gsys_alo  Path: gsys_alo_nios2_gen2.0 System: gsys.alo  Path: §
& Project m Use Caonnections Marme Description Export Clack Eﬁ'l'l
Py W New Component.. ‘!| B clock_in Clock Bridge v ™
2 | |ubrary = in_clk Clock Input clk exported ||| pame: g file: Ip/gsy
5 ¢ Basic Functions \i‘ out_clk Clock Output clock.in_of || - T
B % Bridges and Adaptars E‘ [v] Bl resetin Reset Bricige bgf;:sgi:tawetrmen
= % Memory Mapped clk Clock Input dockein_g | o e aisk v
* |TAC to Avalon Ma E‘ < in_reset Reset Input reset [clk]
¢ Simulation, Debug and Verifi ’:‘ ——] out_reset Reset Output [clk] Nios Il
¢ Debug and Performance \ll B gsys_al0_nios2_gen2_0 Mios Il Processor
® Altera Soft Core |T) clk Clock Input dock_in_|| | Processor
* Atera Virnual JTAG ‘g custom_instruction_raster Custom Instruction Master altera_nios2 _gen2 E
= 51D JTAG Bricige A —— data_master Awalon Memary Mapped Mastar [clk] =
* SLD |TAC Bridge H debug_mern _slave Awalon Memory Mapped Slave [clk] . : -
ks |meﬁa;e Frotocols r—TC: debug_reset_request Reset Output [clk] [ Amhm;m‘ RESARTEIE
¢ serial instruction_master Aqalon Memory Mapped Master [clk] =
o * JTAG UART iret Interrupt Receiver [clk] [ Reset Vector |~
Existing IP Variants reset Reset Input [clie] R p—
[¥] El qsys_al0_onchip_memory2_ 0 |On-Chip Memory (RAM ar ROM)
clkl Clock Input clock_in_. Reset vector offset; [ |
resetl Reset Input [cll1] RO YEGE
51 Avalon Memary Mapped Slave [clle1]
[¥] B gsys_al0_jtag_uart_0 ITAG UART = Exception Vector
avalon_jtag_slave Awalon Memory Mapped Slave [cli]
Exception vector me
clk Clock Input clock_in_. 2
irg Interrupt Sender [clk] Exception vectar off:
reset Reset Input [clk] Exception vectar:
<[ v
Parameterization
Messages
Type |
q il D
l_“_lu u Current filter:
b= System Messages 5% P =]
Type | Path Message
] i [ [»
(e [[ Far | [ aca ]
A, | ¥
D Component Instantiation: 0 Errors, O Warnings, System Connectivity: 0 Errors, O Warnings ‘ [ sync Al systerm Infos H B valicate System Integrity H Generate HDL. || Finish ]
a=HPR4 H “ ” H H
1. Go to “File” and click “Save”. This will save all the changes made.
& () save System Completed <@pg-nxext0005> — ) (») )
e e e ) oraREpr_srimena JoEEramra § MR mE EAP Aerieg EEEEAEIALE W poEgrg mEnaw oy

@ Info
&8 Info;
il Info;
¥ Info
@@ Info:
@@ Info:
¥ Info:
lﬂ Info:
@ Info
@ Info:

fswlp build/releases;acds/17.0/ 235/ linuxG4/ip/ altera) altera_compi—
fswip_build/releases/acds/ 170/ 235/ linuxé6d/ip,/**/* matched 101 fi
Sswip_build/releases/ acds/17.07 235 /0p/* /" matched O files in 0,00 5
Feading index fswip_bulld, releases/acds,/17.0/ 235/ linuxo4/ quartus
fswip_build/releases/acds/17.0/ 235/ linuxbd/ quartus/ sopc_builder;
fswip_build/releases, acds/ 17.0/ 235/ linuxG4 / quartus/ sopc_builder{ |
fswip_build/ releases/acds/17.0/ 235/ linux6d/ guartus, commaon/ libr
fswip_build/releases/acds/17.0/ 235/ linux64d/ quantus/ sopc_builder;
fswip_build/ releases/ acds/ 170,235/ linuxtd / quartus, sopc_builder
fswip_build/releases/acds;/17.0/ 235/ linux6d; quartus/ sopc_builder]«

1]

| ¥]

) Save Syster: completed successfully,
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2. Click “Generate HDL...” at the bottom right button of the GUI. This will generate the system in Qsys
Pro.

| & () Generation <@pg-nxext0005> ————— @ ® €3 .

|~ Synthesis |
Synthesis files are used to complle the system In a Quartus Prime groject.

Create HDL design files far synthesis: [yarjng =

[ ] Create timing and resource estimates for third-party EDA synthesis tools,
[ ] Create block symbal file (kbsr)

] IP=¥aCT

~ Simulation

The simulation mode| contains generated HOL files for the simulator, and may include simulation-onlky features,

Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory,

Follow the guidance in the generated simulation scripts about how 1o structure wour design's simulation scripts and how to use the
lp=setp-shmlation and g -rmake-sirmsoret command-line utilities 1o camplle all of the files needed Tfar simulating all of the P in wour
design.

Create simulation model: Mone =

[~ output Directory
|| Clear output directories for selected generation targets.

[ Generate || Cancel |

3. Leave the settings to be default. Unless you would like to have different set of files generated, then
set accordingly.

[ & () Generate Completed <@pg-nxextD005> — ®® @x
CIENE)

A

B e R LR LR T L L T R R p e = e Cw w_gmmme

@ Info: gsys_aln: "Cenerating: qzw_al0_altera_r‘nErlln_multlplexer_1?0_g53c65|i
&8 Info: gsys_al0: "Cenerating gsys_alo_altera.mearlin.demultiplexer. 170w Zy)
Iﬁ Info. gsys_all: "Cenerating: qsve_alo_altera_merlin_demultiplexer_170_swSre
0 Info: gsys_al0: "Cenerating gsys_alo_altera_merlin_multiplexer_170_ssdmins
@@ Info: qsys_al0; "Generating: gsys_alo_altera_merlin_multiplexer. 170_fhge7 44
@ Info: gsys_alD: "Cenerating: gsvs_alo_altera_awvalon_st_adapter_170_4tlgflg"
@9 Info: gsys_all: "Cenerating: gsys_alO_error_adapter. 170_mitlhioy

lﬁ Info; gsys_all: Done "gsys_all" with 25 modules, 24 files

@ Info gsys-generate succeeded.

@3 Info: Finished: Create HDL design files for synthesis

Al [*]
L) Cenerate: completad successtully,
[0 |[Ccise ]
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4. Click “Close” to close the “Generate Completed” box.
5. After generation completes, the generation files can be obtained in the generated folder. The folder
name here is “qsys_al0”.

<1iew sotftuwar

:1l1ew =softwar

<11l

“rh-r——7-—

Qsys Pro introduces hierarchical isolation between system interconnect and IP components. Qsys Pro
stores the instantiated IP component in .ip file and those system connectivity information in .qsys file.

Compilation in Quartus Prime Pro

1. Switch back to Quartus Prime Pro.

2. Navigate to “Assignments” and click on “Settings”.

3. Go to the “Files” tab. The .ip files and .qgsys file has been automatically added into the Quartus Prime
Pro project.
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" () Settings - quartus_al0 <@pg-nxext > v) (A X
" () setti 10 0005 ® & ®
Category:
General
Files Select the design files you want to Include In the project. Click Add All to add all design files in
Libraries the project directory to the project,
- IP Settings
IP Catalog Search Locations  File name: Add
Design Templates
- Operating Settings and Conditic| ® ¥ | Addall
Voltage )
Tempgerature File Name Type Library Remove
Compilation Process Settings + Ip/gsys_a10/qsys_a10_clock_in.ip IP File up
EDA Tool Settings + qgsys_al0.qsys Qsys System File e
- Compiler Settings + Ip/qsys_a10/gsys_a10_reset_in.lp IP File Down
VHDL Input + ip/qsys_a10/qsys_a10_nios2_gen2_0.ip IP File —
Verilog HDL Input + ip/gsys_a10/qsys_a10_onchip_memory2_O.p IP File Properties
Default Parameters + ip/qsys_a10/qsys_a10_jtag_uart_O.ip IP File
TimeQuest Timing Analyzer
Assembler
Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
<[ )| <>
< <> - OK Cancel Apply Help

4. In this example, the top level file is taken from the ghrd of the A10 SoC development kit and named
it quartus_al10.v. This will be set as the top level file.

5. Refer to the instantiation template. Navigate to “Generate” and click on “Show Instantiation
Template”.
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| & () Instantiation Template <@pg-nxext0005>

You can copy the example HDL below to cleclare an instance of qsys_all,

HOL Language: |'*-f'EFi|Dg |‘-'|

Example HDOL
gsws_alld ud

i

LCTk_clk (<caonnected-to-clk_clks], A4 elk.elk
.rESET_reset (<Connected-to-reset_reset=) S/ reset, reset

1€

®

| Copy || Close |

Here is the example of the top level file:

module quartus_al0 (
// FPGA clock and reset

);

// SoC sub-system module
gsys_al0 u0 (

.clk_clk

.reset_reset

);

endmodule

input wire fpga_clk_100,
input wire fpga_reset_n

(fpga_clk_100),
(fpga_reset_n)

7. Under “File name”, click

Go to “Assignments” and then to “Settings”. Click on the “Files” tab.

and add in quartus_a10.v file in. Click “OK”.
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8. At “Project Navigator”, switch to the “Files” tab and right click on quartus_a10.v file and set as top
level file.
9. Navigate to “Processing”, then go to “Start” and click on “Start Analysis & Elaboration”.

Pin assignments
1. Go to “Assignments” and click on “Pin Planner”.
2. For this design, there are only 2 pins that needs to be assigned and the pin location is based on the
Arria 10 SoC schematic:
e fpga_reset_n assigned to PIN_AV21
o fpga_clk_100 assigned to PIN_AM10
3. Close Pin Planner.
4. Click “Full Compilation” to compile the whole Quartus Prime Pro project.

Programming .sof into Arria 10 SoC development kit
1. Open the Quartus Prime Pro Programmer.

File Edit View Project Assignments Processing Tools Window Help Search alteracom | @
O d r quartus_a10 v GG D EO SR A “ e
Project Navigator .\ Hierarchy v QR @ p Compilation Dashboard (x| IP Catalog Teo®
Instance Entity ~ Project Overview Report Summary % X =
# Arria 10: 10ASO66N3F40E25G Project. quartus_a10 Flow Status Successful - ThuFeb231 ~ 4 Installed IP
+ quartus_a10 & Revision: quartus a10 Timing Models Final - Project Directory
Device: Arria 10: 10ASO66N3F40E25G Logic utilization (in ALMs) 1,228 / 251,680 (<1 %) +-System
) : i - Library
Top-level Entity: guartus a10 Total registers 1883 byl S—
Total pins 143/812(18%) asic Functions

Compilation Flow

v P Compile Design

+ | Total virtual pins

Total block memory bits
Total DSP Blocks

o
95552/ 43,642,880 (<1
3/1,687(<1%)

+
+ DSP

+ Interface Protocols

+ Low Power

+ Memory Interfaces and Contr¢
+

+

St

ad P IP Generation Total HSSIRX channels  0/48(0 %)
- B Analysis & Synthesis Total HSSI TX channels 0 /48 (0 %) Frocassors sndPenpharals
v P Fitter Total PLLs 0/96(0%) Univirsity Rrogreiny
@ search for Partner IP
v P Fitter (Implement)
v P Plan
< 1<> ** EarlyPlace
P Place
Tasks RO
. A P Route
Project a "
i Revisions. TimeQuest Timing Analysis
Project Files v P Fitter (Finalize)
[ New... v @ TimeQuest Timing Analysis (Signoff)
[= Open.. v P Assembler (Generate programming files)
|’ Add/Remove Files in Project, P EDA Netlist Writer
& Qsys Pro
& P catalog J
Assignments
€ Device...
- Settings..
& PinPlanner
& Assignment Editor 2 ) KB
Compilation r
B Camnilatinn Dashhnard LI 3 ) 35 CE——— 1¢> + Add
® o
® L 9 XA . ~ Filter Use Regular Expressions 88 Find... @8 Find Next
@17) © @ (750 © — e e—— e p—————
Message E]
- © Quartus Prime Full Compilation was successful. 0 errors, 858 warnings 7
@ v
oo
|l 1<>
g System (32) | Processing (977)

N

Connect the USB Blaster from the Arria 10 SoC development kit to the host machine.
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File Edit View

Processing Tools Window Help

“ Programmer - [Chain1.cdf]

O X

|Search altera.com |.

&, Hardware Setup|

[] Enable real-time

»b Start
&b stop

W Auto Detec
¥ Delete

" Change File

& save File

E Add Device

f‘"‘Up

1 Down

“ Hardware Setup

Hardware Settings

JTAG Settings

X

Select a programming hardware setup to use when programming devices. This programming

hardware setup applies only to the current programmer window.

Currently selected hardware:

Available hardware items

USB-Blasterll [USB-1]

M |

Hardware

Server
Local

Port
UsB-1

Add Hardware... |

]

Ise ISP
CLAMEF

3. Click “Auto Detect” to detect the jtag chain and the device.

4. Addin the .sof into the Programmer and check the “Program/Configure” checkbox.
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“ Programmer - [Chain1.cdf]* — Oa x
File Edit View Processing Tools Window Help |Search altera.com |.
|£. Hardware 5etup...| |USB—BlasterII [UsB-1] Mode: JTAG e Progress: l ]
[ Enable real-time ISP to allow background programming when available
File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP IF
Configure Check Bit CLAMF
#b stop S:/data/kliew/proj... 10AS066N3F... 1D1DC7E4 1D1DC7E4
<none> SOCVHPS 00000000 <none>
<none> 5M2210Z 00000000 <none> ] ] [
< >
b save File F s m R TTTTITTIT TTTTTITT
: N N : :
Add Device| | | ———p3 b i . -
H B H H H =
f‘"‘Up tmlllm: e L
10AS066N3F40 SOCVHPS 5M2210Z2
5. Click “Start” to program the .sof into the board.
& Programmer - [Chain1.cdf]* — O *
File Edit View Processing Tools Window Help |Search altera.com |.
| « Hardware Setup...| |USB—BlasterII [UsB-1] Mode: JTAG e Progress: 100% lSur_ce-
[ Enable real-time ISP to allow background programming when available
File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP IF
Configure Check Bit CLAMF
#h stop S:/data/kliew/proj... 10AS066N3F... 1D1DC7E4 1D1DC7E4
<none> SOCVHPS 00000000 <none>
<none> 5M2210Z 00000000 <none> ] ] [

10AS066N3F40 SOCVHPS 5M2210Z

>
k"ChangeFile
&b save File s wsnre PTTTTTTT FPTTTTrrT
o | N 5 5
Add Device| | ———pi b i —: i
ﬂ“Up r_mlllm_. .--------- .--------..
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6. Close the Programmer after successfully program the .sof.

Building Software Design in Nios Il Software Build Tools

1. Goto “Tools” and click on “Nios Il Software Build Tools for Eclipse” to open the GUI.

2. Create a workspace for the software project.

3. Go to “File” and then to “New” and click on “Nios Il Application and BSP from Template”. This will
create the application and BSP project for you. You can choose the existing available template to use
in your design.

4. Enter the “SOPC Information File Name” and it will automatically detect the processor which is
available in your design.

5. Give your Application Project a name. Then click “Finish”. This will automatically create an
application with the name provided and a BSP linked together with the application project that has
been created.

6. We shall select the “Hello World” template from the given Project Template.

File Edit Navigate Search Project Niosll Run Window Help

C= | miEgrer G B0 B~ | - | 5‘§|@Nm"
[ Project Explorer 2 |2 & & ¥ = 3 = 8 % Outine % ¢ Y= 0O
=% hello_world An outline is not available.

= hello_world_bsp [gsys a10]

& Console 2 L o8| BB B8 y=08

CDT Build Console [hello_world]
P CIcoar Uniy WULia UL CUNLIgULGTIoN HEUs II LUL Projooe oiio WoLTw ~
make clean

[hello world clean complete]

16:04:39 Build Finished (took 310ms)

0 items selected

7. Right click on the application project and click “Build Project”. When it is successfully built, it will
produce the .elf file in the application folder.

8. Right click on the application project and navigate to “Run As” and click on “Nios Il Hardware”.

9. “Hello World” will be printed out at the Console.
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