General Nios ii IP Implementation
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Introduction

= Purpose/Use

The General Nios ii IP gives the user ability to code C code to a Nios ii softcore processor
synthesized onto the FPGA.

This document will go through the process of setting up the Nios Il Eclipse IDE Environment to
run, debug, and create code to communicate with the rest of the FPGA.



Initialization and Setup

= |nstalling Eclipse IDE Environment

It is possible the Eclipse IDE environment is already installed in the Quartus directory. To
check if it is installed or not, click the link below and follow step 5.

https://www.terasic.com.tw/wiki/Getting Start Install Eclipse IDE into Nios EDS#:~:text=Th
e%20procedure%20for%20installing%20Eclipse%20IDE%3A%201%20Download, %3C%20Intel%
C2%AE%20Quartus%C2%AE%20Prime%20installation%20directory%3E%2Fnios2eds%2Fbin%2F
eclipse nios2.%20More%20items

If the folder or file is not there, then follow steps 1-3 to install the Eclipse IDE Environment.
Confirm again that is installed correctly with step 5.

Now the Nios Il Eclipse IDE Environment should be installed and ready to use.


https://www.terasic.com.tw/wiki/Getting_Start_Install_Eclipse_IDE_into_Nios_EDS#:~:text=The%20procedure%20for%20installing%20Eclipse%20IDE%3A%201%20Download,%3C%20Intel%C2%AE%20Quartus%C2%AE%20Prime%20installation%20directory%3E%2Fnios2eds%2Fbin%2Feclipse_nios2.%20More%20items
https://www.terasic.com.tw/wiki/Getting_Start_Install_Eclipse_IDE_into_Nios_EDS#:~:text=The%20procedure%20for%20installing%20Eclipse%20IDE%3A%201%20Download,%3C%20Intel%C2%AE%20Quartus%C2%AE%20Prime%20installation%20directory%3E%2Fnios2eds%2Fbin%2Feclipse_nios2.%20More%20items
https://www.terasic.com.tw/wiki/Getting_Start_Install_Eclipse_IDE_into_Nios_EDS#:~:text=The%20procedure%20for%20installing%20Eclipse%20IDE%3A%201%20Download,%3C%20Intel%C2%AE%20Quartus%C2%AE%20Prime%20installation%20directory%3E%2Fnios2eds%2Fbin%2Feclipse_nios2.%20More%20items
https://www.terasic.com.tw/wiki/Getting_Start_Install_Eclipse_IDE_into_Nios_EDS#:~:text=The%20procedure%20for%20installing%20Eclipse%20IDE%3A%201%20Download,%3C%20Intel%C2%AE%20Quartus%C2%AE%20Prime%20installation%20directory%3E%2Fnios2eds%2Fbin%2Feclipse_nios2.%20More%20items

= Setting up Firmware

Generall, if there is a device the Nios is to communicate to, the Data Master Avalon
Memory Mapped Master bus line from the Nios has to connect to that device. This can be done
by opening the “mioc_gl 4x.qsys” file inside of Quartus Platform Designer.

The photo below shows an example of the Nios Data Master bus being connected to the
FPGAWSB IP Register Write. In this case there is only one IP the Nios is communicating to, if
there are more in your project, the Nios Data Master must be individually connected to each of
the IPs.

1= system Contents IP Catalog ==
System: mioc_gl_dx Path: clk_0

+| | Use Connections Name Description

e | al
=

x

a
v P =] Ilr,f:.‘:b registe...
2.1 -

o ___fnoauh ren
NS TETERERN el Ll L L T INIoe2 PID O-OAtA mAaster (stam)

Avalon Memory Mapped Master [avalon_master 20.1]
Associated clock: Nios2_PID_0.clk

Associated reset: Nios2_PID_D.reset

fpgawb_register_ write_0.so {end)
Avalon Memory Mapped Slave [avalon_slave 20.1]
Associated clock: fpgawh_register_write_0.clock
Associated reset: fpgawb_register_write_0.reset

Avalon Memory Mapped Connection [avalon 20.1]
arbitrationPriofity: 1
baseaddress 0x00010000
defaultConnection: false

Once this task has been completed, save the file. If prompted if you would like to generate,
select no.

Now the Quartus project is ready for a full compile.



= Creating Nios Il Eclipse Project

After adding data bus connections and a full Quartus compile the Nios Il Eclipse Project can now
be created.

1. Inthe Quartus Project window select tools at the top of the window and select Nios Il Software
Build Tools for Eclipse.

Quartus Prime Standard Edition -

File Edit View Project Assignments Processing Tools Window Help

! Run Simulation Tool 3
O r= r Vi1 ¢ D4
Launch Simulation Library Compiler
Project Navigator Compilz
! & - Launch Design Space Explorer Il P
tents.
IP upgrade recommended. Launch Timing Analyzer
|
- Advisors 3 "
Entity:Instance = Settings
. Chip Planner Non-Default Global Sett
&% Arria V: BAGXMB3G6EF35C6 | -
» BB fpgawb_proj & Design Partition Planner Elapsed Time
= 1 0S Summary
Netlist Viewers 3
- Log
Signal Tap Logic Analyzer 'sis & Synthesis
In-System Memory Content Editor
Messages

Logic Analyzer Interface Editor
Suppressed Messages

In-System Sources and Probes Editor

signal Probe Pins...

Programmer

JTAG Chain Debugger

Fault Injection Debugger

System Debugging Tools 3
N
IP Catalog
Tasks Cor
' Nios Il Software Build Tools for Eclipse
Task Platform Designer
BT% > Compile Design oo o
cl Scripts.
3 Analysis & Synthesis 00
- . , N Customize...
Fitter (Place & Route) 00 =
Options...

programming file:

License Setup...

Timing Analysis

EDA Netlist Writer 00:( Install Devices...

a.
2. Select a directory to create the Eclipse project (location doesn’t matter )

Workspace Launcher x

Select a workspace

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

Workspace: | /home/markh/FPGA_projects/All_fpgawb_Robo/Nios_Il | Browse...

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

Cancel OK




3. The Nios Il Eclipse window should now open select file to create a project from a template.

Mioz -
File Edn Sewce Refacior Mawigate Searth Project Run Miosl Window Help
T+AIL+R Higs I Application and BSP from Template -
Gy File Kis. 11 Applicanion
Close tri+¥ Wios. Il Board Suppornt Package
Close All hift+CtrisV Wios: Il Libwary
Preyect
Deher T,

11 £F CLear The QRTErret

111 IOWF; ALTERA AWVALON FIO DATA(FID PESET

T peedly T5R wiTh HAL

113 alt_fc isr_register{PID RESET @ IRQ 1P
" 1T ERablE The DEmdSy

Rerame... '.i'. IE-" ALTERA A'I'J.IJIZH PIO IR] MASK(FID R
Refresh 117 it commter = ar
T LI
Corwert Line Delimiters To ¥ Sin int outh = 8
.. IOWF;(FPGAME PEGISTER WRITE & BASE, &,
Swwiich Works pace B 173
1 i Evenmt loop mewer exits
Restirt i while (1
Impan
Expeet 127 w5 Lt | i) ;
. . 148 Al mulex deve mulex = altera_aval
Propeerties 173 altera avalon motex lockimates, 1)
1 miesr_gl_du_onchip_mwmory 22 ks [Ni..] 13 OuE; [ ONCHI P MEMORYZ | BASE. 0, oo

131 alters avalon mutex wnlockimates);
1 At irg_handler.c [Nios_PID_bspi...]

3 dnera_avalon mates s [Mies _PID_bsp..]
4 dnera_avalon_muec_reqsh [Nies PL.] 13 r—scocccoooooos {gde END s

133 outh = J0RD(FPGAME PEGISTER WRITE

o 137 eck to see if the global ISR

a. (R —— - Himanat woms mm 2k £ T
4. After this you will have to select the “mioc_g1_4x.sopcinfo” file and the corresponding Nios
you will be programming to. Give the Nios Project a name. Select “Hello World” as the

template NOT “Hello World Small”



Nios Il Application and BSP from Template X

Nios Il Software Examples

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

Target hardware information

SOPC Information File name: | /home/markh/FPGA_projects/All_fpgawb_Robo

CPU name: Nios2_PID_0 -
Application project
Project name: | Nios_PID
[¥A Use default location
Project location: | /home/markh/FPGA_projects/All_fpgawb_Rob
Project template
Templates Template description
Hello World Hello World Small prints ‘Hello from Nios II' to

Hello World Small STDOUT. The project occupies the smallest memory

footprint possible for a hello world application.

Memory Test
Memory Test Small This example runs with or without the MicroC/OS-II
Simple Socket Server RTOS and requires an STDOUT device in your

. system's hardware.
Simple Socket Server (RGI

@ < Back Next > Cancel Finish

i. Once completing the above, click finish and the project will be created.



Running Software on Nios

The project generated should have a simple file called hello_world.c that uses the printf()
function to print to the console.

1. Step one will be to run this file to make sure everything is working before moving
forward and implementing any more code.

2. Whenever the project is opened for the first time or changes have been made to the
source code and saved, the project needs to be built.

File Edit Source Refactor Navigate Search Project Run Nios

e @ &8 v &8 v [ v @ ~

5 Project Exnlarer 52 — v = g
New >
“ Go Into -
» w)! Incl
Open in New Window
» &= mel
b & sys Copy
» [ hell .
cre Delete
» Mal
|5 rea Source »
v ([ Nios_t

» BLArc  Rename...

» mlIncl Import...
» & driv Export..
» = HA
= Build Project
» (= obj °
Clean Project
» [g alt.
% Refresh
» [n link
Close Project
» [ sys
» /& libh Close Unrelated Projects
crei Make Targets »
3 link Index 4

[V Dusild Canfinueatinne

a. Build the project to check if there are any errors in the code (which there
shouldn’t be at this point since the template hello_world.c file is the only thing
being built ).

i. Refer to Makefile error section under Misc. Problems/Errors if there is a
build error.

b. Whenever the project is built a .elf file is created in the project directory. The .elf
file is what is flashed to the On-Chip memory to run the Nios Il C code.



= _.elf Running as Hardware

Whenever wanting to run C code on the Nios Il processor synthesized to the FPGA the following
will have to be done.

The .elf file is flash directly to the FPGA with a JTAG UART connection.
Make sure to follow the “Setting up JTAG USB Blaster” section before moving on.

1. First Right click the .elf file and Run as hardware

@ C/C++ Projects % = A [£] hello_world.c 52
g ¢ - 51
= L 2
« (5 eclipse_robo_0 ,\: ?nt main()
b 4 Binaries ° 55
b &l Includes . ‘E printf
» = CCRTOS 58 Defaul’
. 59
} & inc 60 Defaul’
¥ = mem_init New 4 61
b (= obj Open )3 pefaul
» [ hello.worlk  Open With » 64 //Read
b [f Threads.c Make Targets » //CCRTI
» [i¥ Threads.h Rem
| iedpserol o
Copy -
create-this: _— //CCRT
= eclipse_rot /CCRTI
I.D ] Delete - !
= eclipse_rol .
Move. 74 //CCRTH
& Makefile ove 75
B readmena  Rename- 6 ceRTos,
« (Zeclipse_robo.,  MPport.. 78 CCRTOS.
B i Export.. 795 f*
» B Archives P 80 printf
¥ &l Includes Refresh 81
. 82 setMot
b (= drivers Add Bookmark... 83
¥ (= obj Debug As » 2 Local C/C++ Applicatior
» 3 alt_sys_intt Profile As » 3 Nios Il Hardware
b @ linkerh Profiling Tools » 4 Nios Il ModelSim
» (8 system.h . .
Add to Nios Il Build Run Configurations...
» ' libhal-bsp.i
Run C/C++ Code Analysis
[ create-this:
a linkear ¥ Team '

2. Upon initial run as hardware the user will have to select the hardware the .elf will be
running off of and the following window will pop up.
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Run Configurations X

Create, and run ations

& No Nios Il target connection paths were located. Check connections and that a Nios Il .sof is downloaded.

® 5 B v Name: | eclipse_robo_0 Nios Il Hardware configuration
[5) Project |3 Target Connection % Debugger| ] Common | &» Source
Connections [=]
[E1C/C++ Application pAER A . .
Cable | Device | Deviceld | instanceid |  Name | Architecture | [ Refresh Connections

[E1C/C++ Remote Application

> Launch Group
~ P¥Nios Il Hardware
P¥INios Il Hardware v2 (beta)
~ [ENios Il ModelSim
Beclipse_robo_0 ModelSim configu
B Nios Il ModelSim v2 (beta)
¥ SystemTap

ertie

Byte Stream Devices

Cable Device Device ID instance | Name Version

[] Disable ‘Nios Il Console’ view

Quartus Project File name:|< Using default .sopcinfo & .jdi files extracted from ELF >
System ID checks

[¥] lanare mismatched system ID

[¥] lgnore mismatched system timestamp

Download

[¥] Download ELF to selected target system

[V] Start processor

[«[T

[ 1Decet the salertard tarnst sustem

Revert Apply
Filter matched 10 of 10 items
@

Close Rur

i. Make sure to check both boxes under “System ID checks” after doing so
click “Apply” then the “Refresh Connections” button.
3. After Refreshing the connections, the following should happen:

Run Configurations

Create, manage, and run configurations

w

The expected Stdout device name does not match the selected target byte stream device name.

4.
a.

® 5 B v Name: | eclipse_robo_0 Nios Il Hardware configuration
{ £ Project | M Target Connection .35 Debugger| I Common | s Source
type filter text Connections |
|| [EIC/C++ Application Frocessors: . .
— Cable ‘ Device | Device 1D J Instance D Name Architecture ] I Refresh Connections
[€1C/C++ Remote Application |UsB-Blaster on localhost [3-2] |SAGT(FD3H3. .. |1 ] Inios2 0 INios2:3
| Resolve Names|
# Launch Group
) System D Propertie
{| -~ Invios 1l Hardware Byte Stream Devices )
= eclipse_robo_0 Nios Il Hardware Cable | Device | Deviceld | Instance D Name version |
[usB-Blaster on localhest [3-2] |SAGT(FD3H3.. .|l o litaguart @ 1L

P Nios Il Hardware v2 (beta)
« @Nios Il ModelSim
| Beclipse_robo_0 ModelSim configu
B Nios Il ModelSim v2 (beta)
| ¥ SystemTap
|

i Filter matched 10 of 10 items

| @

i. This means that the Nios Il soft-core processor has been

[] Disable ‘Nios Il Console’ view

Quartus Project File name: < Using default .sopcinfo & idi files extracted from ELF >

System ID checks

[¥] 1gnore mismatched system ID

[¥] Ignore mismatched system timestamp
Download

[¥] Download ELF to selected target system
[¥] Start processar

[1Reset the salacted tarnet sustem

it and click run.

Go to the directory:

If No connection is detected, try the following:

< Intel® Quartus® Prime installation directory>/quartus/bin>
b. Once in the directory run the following commands in terminal:

Close

[«TT

detected, select
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markh@fpgabuild:~/intelFPGA/20.1/quartus/bin

File Edit View Search Terminal Help
[ma @fpgabuild bin]$ killall jtagd
[markh@fpgabuild bin]$ ./jtagd -
fpgabuild bin]$ ./jtagconfig
) B-Blaster [3-2]
B2AB30DD S5AGT (FD3H3 |MD3G3) /5AGXBB3D4/ . .

[markh@fpgabuild binl$ |

C.
d. If the command has worked correctly something similar should pop up in

terminal after the ./jtagconfig command.
e. Sometimes it can be necessary to run the “killall jtagd” multiple times.
5. Once this has been done refresh connections and select the Nios Il processor to run the
file.
6. Assuming the connection was found and the hello_world.c file has not changed, “Hello
from Nios ii” should print to the Eclipse console.
7. This means that everything is working and new code can be added to the project file.

Anytime code is added, the files must be saved, built, then the .elf file must be re-flashed.

It is worth noting that even when the .elf file run as hardware is stopped the code will continue
to run UNLESS there are any stdio library functions used in the code. Stdio library uses the JTAG
connection and if the connection is broken the code will also break if, and only if, it is using the
stdio library ( such as printf() ).
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Using The Nios and Examples

From this point, coding in C works like any other case of Embedded C coding and the
same can be done. The point of this part of the documentation is to highlight what use cases it
has in terms of interacting with other FPGAWB IPs.

= Reading From and Writing to FPGAWSB IPs

The following steps can only be done after the Data Master bus has been connected to the
corresponding FPGAWB IP inside of Platform Designer.

Reading and writing to address locations requires the source code to “#include “io.h”
IORD() returns the value at an address location.
IOWR() is used to write to an address location.

The photo below shows an example of reading the value from the FPGAWB IP Register WR and
then inverting the value with an exclusive or operation, then writes the value back to the same
address location.

int main()

1
int outh = 8;

/* Event loop never exits. */
while (1){

outA = IORD(FPGAWB_REGISTER WRITE_ @ BASE, @);
TOWR (FPGAWB_REGISTER_WRITE_® BASE, 8, (outA * 1));

The logic of the code above simply toggles the value inside at the address location
“FPGAWB_REGISTER_WRITE_O_BASE”.



The variable “FPGAWB_REGISTER_WRITE” is defined in the file system.h which is under the
_bsp project folder and needs to be included when writing to any address location.

This is an important take away as it allows the user to not have to worry about what address
location they are writing to but instead use the variables defined in system.h.

13
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= Setting up Hardware Interrupt IRQ from User Module 10

The FPGAWB IP User Module |0 can send IRQs which can be received by the Nios Il as a
hardware interrupt.

e Setting up Firmware

The User Module 10 does not come with pre-built logic for a hardware interrupt, so any
interrupt to be sent by this IP is expected to be rooted in custom logic. For the use-case of
sending an IRQ to a Nios Il processor, the pulse width for the interrupt to be set at as active
high is recommended by the Nios documentation to be at minimum 50 clock cycles (Measured
by the clock of the Nios, not the User Module IP_clk). This should be handled in the custom
logic.

For the User Module to be able to send an IRQ, the Interrupt Sender instantiated in the IP’s
.qsys file must be utilized. The photo below shows how the user_gsys IP will look by default in
the platform designer.

B fpgawb_user_qsys_0 fpgawb_user_gsys
i clock Clock Input clk_0
—T— reset Reset Input [clock]
. S0 Avalon Memory Mapped Slave [clock]
= user_clk Conduit fpgawb_user_qsys_0_user_clk [clock]
= user_reset_n Conduit fpgawb_user_qsys_0_user_reset_n [clock]
< user_address Conduit fpgawb_user_gsys_0_user_address [clock]
< user_write Conduit fpgawb_user_qsys_0_user_write [clock]
k= user_writedata Conduit fpgawb_user_gsys_0_user_writedata [clock]
= user_read Conduit fpgawb_user_qsys_0_user_read [clock]
= user_burstcount Conduit fpgawb_user_qsys_0_user_burstcount [clock]
< user_readdata Conduit fpgawb_user_qsys_0 user_readdata [clock]
< user_readdatavalid Conduit fpgawb_user_qsys_0_user_readdatavalid [clock]
k= user_waitrequest Conduit fpgawb_user_gsys_0_user_waitrequest [clock]
< user_byteenable Conduit fpgawb_user_qsys_0 _user byteenable [clock]
user_irq Conduit [clock]
irg_so Interrupt Sender [clock]
user_clk_ckg4 Conduit [clock]
user_clk_ckg5 Conduit [clock]
— clock_ckg4 Clock Input clk_gen_4 bridge_out_clk
— clock_ckgs Clock Input clk_gen_5_bridge_out_clk

The highlighted signal “user_irq” is a custom signal conduit created for this IP that is internally
connected to the “irq_so” Interrupt Sender. Any logic driven to this conduit will control the
output of irg_so.

The following steps will allow for this user_irq signal to driven by custom logic:
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Export the user_irq signal in Platform Designer by double clicking the words “Double-
click to export” next to the signal.

E fpgawb user gsys 0
clock
reset
s0
user_clk
user reset n
user_address
user_write
user_writedata
user_read
user_burstcount
user_readdata
user_readdatavalid
user_waitrequest
user_byteenable
user_irq
irg_so
user_clk_ckg4d
user_clk_ckgs
clock_ckgd
clock_ckg5s

QOQQQQQQQQQJll

—
—

fpgawb_user gsys
Clock Input
Reset Input
Avalon Memory Mapped Slave
Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit
Interrupt Sender
Conduit

Conduit

Clock Input
Clock Input

fpgawb_user_qsys_0 user_clk

fpgawb user gqsys 0 user reset n
fpgawb_user_qsys_0 user_address
fpgawb_user_gsys_0_user_write
fpgawb_user_gsys_0_user_writedata
fpgawb_user_qsys_0 user_read

fpgawb _user gqsys 0 user burstcount
fpgawb_user_qsys_0_user_readdata
fpgawb_user_gsys_0_user_readdatavalid
fpgawb_user_gsys_0_user_waitrequest

After it has been exported the signal should appear as so:

B fpgawb_user_qsys_0
clock
reset
S0
user_clk
user_reset_n
user_address
user_write
user_writedata
user_read
user_burstcount
user_readdata
user_readdatavalid
user_waitrequest
user_byteenable
user_irg
irg_so
user_clk_ckg4
user_clk_ckgs
clock_ckg4
clock_ckgs

QQQQQQQQQQQQlll

I

Do not change the exported name from “fpgawb_user_qgsys_0_user_irg”.

fpgawb_user_gsys
Clock Input
Reset Input
Avalon Memory Mapped Slave
Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit
Interrupt Sender
Conduit

Conduit

Clock Input
Clock Input

fpgawb_user_qsys_0 user_clk
fpgawb_user_qsys_0_user_reset_n
fpgawb_user_qsys_0_user_address
fpgawb_user_qsys_0_user_write
fpgawb_user_qsys_0_user_writedata
fpgawb_user_qsys_0_user_read
fpgawb_user_qsys_0_user_burstcount
fpgawb_user_qsys_0_user_readdata
fpgawb_user_qsys_0 user_readdatavalid
fpgawb_user_qsys_0_user_waitrequest
fpgawb_user_gsys_0 user byteenable

awb user gsys 0 user irq

”n

Connect the signal down multiple levels to meet the custom logic.
a. Add this line of Verilog code to the firmware_qsys_interface.v file that is

generated in the working project directory of the FPGAWB project.

clk_0

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]
clk_gen_4_bridge_out_clk
clk_gen_5 bridge out_clk

clk_0

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

[clock]

clk_gen_4 bridge_out_clk
clk_gen_5_bridge_out_clk
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& firmware_io_declaration.v X | ¢ firmware_gsys_interface.v b 4

B 87 == mnrFfm 00s BB =

fl S e L R R L LR L R R R e e R R S LS

1
2 // Filename: firmware qsy interface.v

3 // Projectname: MarkyboyUserModule

4 // THIS FILE IS AUTO GENERATED BY FPGAWB

5 // Copyright (C)2023 Concurrent Real-Time. All rights reserved.

] // Any changes to this file will be overwritten by the FPGAWB compile
7

8

9

// process
fj E2 22 2SS S S S E R SR EE R EE EE L E LSS EE RS R R R R R R R R R R R R S R R S S R R

10 // USER_MODULE QYS Interface

11 .fpgawb user gsys 0 user address export (fpgawb_user gsys © user address export),

12 .fpgawb user gsys 6 user burstcount export (fpgawb_user gsys © user burstcount export),
13 .fpgawb user gsys 0 user byteenable export (fpgawb_user gsys © user byteenable export),
14 .fpoawb user gsys 6 user clk export (fpgawb_user gsys © user clk export),

15 .fpgawb user gsys 0 user read export (fpgawb_user gsys © user read export),

16 .fpgawb user gsys 0 user readdata export (fpgawb_user gsys © user readdata_export),

17 .fpgawb user gsys 0 user readdatavalid export (fpgawb_user gsys © user readdatavalid export)
18 .fpgawb user gsys 0 user reset n export (fpgawb_user gsys © user reset n_export],

19 .fpgawb user gsys 0 user waltrequest export (fpgawb_user gsys @ user waitrequest export),
20 .fpgawb user gsys 6 user write export (fpgawb_user gsys © user write export],

21 WaaTaVaan (foo
.fpgawb_user gsys @ user irq_export (fpgawb user gsys @ user irq_export),

rtj,

b. Add these two lines of Verilog code to the firmware_io_declaration.v file that is
generated in the working project directory of the FPGAWB project.

&

firmware_io_declaration.v X | ¢ firmware_gsys_int

T EE MR 08 W EZ

e

."Ir."lr E e E E E E R R R E R PR E R S E R R R R R R R R P R

/4 Filename: firmware io declaration.v

// Projectname:

/f THIS FILE IS5 AUTO GENERATED BY FPGAWE 2023.2-0

Copyright (C)2823 Concurrent Real-Time. All rights reserved.

// Any changes to this file will be overwritten by the FPGAWE compile

[/ process
I,fI,.f EE S S E SIS S F E S EEESESEESEFEEESEE S RS SIS S S EEEE R EE R R RS

1
2
3
4
3 I/
6
7
8
2

wire fpgawb user gsys © user irq export;

Ll
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JI."Jll" Sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ko ek ek ko ok lI.-'II.-'

1fpgawb user module io top fpgawb user module io top(
.user_address(user_address),
.user_burstcount(user_burstcount),
.user byteenable(user byteenable),
.user_clk(user clk],
.user read(user read),
.user_readdata(user_readdata),
.user readdatavalid(user readdatavalid),
.user_reset n(user_reset n),
.user_waltrequest(user waitregquest),
.user_write(user_write),

.irq(fpgawb user gsys © user irq export)

r
,|"r,|"r EE S S S S i R R lI."ll."

In the image above the name of the signal in the fpgawb_user_module_io_top port list
is shown to be ‘irq’. This was an arbitrary name for this example. The signal is simply a single bit
from custom logic, and so in this image and the following two images ‘irq’ may be replaced with
some other signal name.

c. Create a custom logic signal that ties through the
fpgawb_user_module_io_top.v and fpgawb_user_module_io.v files found in the
fpgawb_user_module_io directory that is auto-generated in the project.

& fpgawb_user_module_jo.v x ¢ fpgawb_user_module_io_top.v b 4
®FT EE/ mefm 00w 8 (R
1 //FPGA Workbench Simple User Module Top
2 //FPGA Framework Interface
3
4 [Omodule fpgawb user module io top #(
5 parameter ADDRESS WIDTH = 12,
6 parameter  DATA WIDTH = 32
7
8 input user_clk,
9 input user_clk _ckg4, // Clocks that can be dynamically programmed, frequency range 1 Hz to 200 MHz
10 input user_clk ckg5, // Clocks that can be dynamically programmed, frequency range 1 Hz to 208 MHz
11 input user_reset n,
12 input user_read,
13 input user_write,
14 input [ADDRESS_WIDTH-1:0] user_address,
15 input [3:8] user_byteenable,
16 input [18:0] user_burstcount,
17 input [DATA WIDTH-1:0] user_writedata,
18 output [DATA WIDTH-1:0] user_readdata,
19 output reg user_readdatavalid = o,
20 output user waitreguest,
21
22
F:— output irg, I




fpgawb_user_module_io_top.v b4

// Clocks that can be dynamically programmed,

& fpgawb_user_module_io.v x| ¢
B &8y EE mrm 0w 9 8=
1
2 Hmodule fpgawb_user module io (

3

4 input user_clk,

5 input clk ckg4,

6 input clk ckgs,

7 input user_reset n,
8 input [11:0] user_address,
9 input user_write,

10 input [31:0] user writedata,

11 input user_read,

12 output reg [31:0] user_readdata,

13
14
15
16
18 output irg, // Custom Logic I
20
ehl

3. Connect the Interrupt Sender to the desired Interrupt Receiver.

L0000 g000

B nios2 gen2 0

clc

reset

data_master
instruction_master
irg
debug_reset_req...
debug_mem_slave
custom_instructi...

E fpgawb_user_q...

clock

reset

S0

user_clk
user_reset_n
user_address
user_write
user_writedata
user_read
user_burstcount
user_readdata
user_readdatava...
user_waitrequest
user_byteenable
user_irg

irq_so
user_clk_ckg4
user_clk_ckgs

Nios Il Processor

Clock Input

Reset Input

Avalon Memory Mapped Master
Avalon Memory Mapped Master
Interrupt Receiver

Reset Output

Avalon Memory Mapped Slave
Custom Instruction Master
fpgawb_user_gsys

Clock Input

Reset Input

Avalon Memory Mapped Slave
Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Interrupt Sender

Conduit

Conduit

fpgawb_user_gsys_0 user_clk
fpgawb_user_gsys_0_user_reset_n
fpgawb_user_gsys_0 _user_address
fpgawb_user_gsys_0_user_write
fpgawb_user_gsys_0 user_writedata
fpgawb_user_qgsys_0 user_read
fpgawb user gsys 0 user burstcount
fpgawb_user_gsys_0 _user_readdata
fpgawb_user_gsys_0_user_readdatavalid
fpgawb_user_gsys_0 user_waitrequest
fpgawb_user_gsys_0_user_byteenable
fpgawb_user_gsys_0 user_irq

frequency range 1 Hz to 200 MHz

unconnected
[elk]
[elk]
[clk]
[elk]
[clk]
[clk]

ck_0

[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]



B2 nios2_gen2_0
clk
reset
data_master
instruction_master
irg
debug_reset_req...
debug_mem_slave
custom_instructi...
3 fpgawb_user q...
clock
reset
so
user_clk
user_reset_n
user address
user_write
user_writedata
user_read
user_burstcount
user_readdata
user readdatava...
user_waitreguest
user_byteenable
user_irq

e
Mios Il Processor

Clock Input

Reset Input

walon Memory Mapped Master
Awalon Memory Mapped Master
Interrupt Receiver

Reset Output

\avalon Memory Mapped Slave
Custom Instruction Master
fpgawb_user_gsys

Clock Input

Reset Input

\avalon Memory Mapped Slave
Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

Conduit

irq so

Interrupt Sender

user clk ckqgd

Conduit

fpgawb_user_qgsys_0_user_clk
fpgawb_user_qsys_0_user_reset_n
fpgawb_user_qsys_0 user_address
fpgawb_user_qsys_0 user_write
fpgawb_user_qsys_0_user_writedata
fpgawb_user_gsys_0_user_read
fpgawb_user_qsys_0_user_burstcount
fpgawb_user_qsys_0_user_readdata
fpgawb_user_qsys 0 user readdatavalid
fpgawb_user_qsys_0 user_waitrequest
fpgawb_user_qsys_0_user_byteenable
fpgawb_user_gsys_0_user_irq

unconnected
[clk]
[clk]
[clk]
[clk]
[clk]
[clk]

clk_0

[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]
[clock]

0x00802_0800

@ (x008L_0ooo

IRQ O

0x0002_0fff

0x0001_ffff
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IRQ 31

Make sure to set the interrupt priority to the desired level based on the receiver’s application.

e Setting up Software

The job of the software is to be able to handle whenever there is a hardware interrupt and have
an ISR to enter. The first step is to change some variable definitions inside of the system.h file.

1. Change system.h file
Go to the system.h file and find the definition of FPGAWB_USER_QSYS_0_IRQ
By default FPGAWB_USER_QSYS_0_IRQ is defined as -1, it should reflect the

priority value that was given to it inside of Platform Designer when the Interrupt
sender was connected to the Nios.
Along with this, FPGAWB_USER_QSYS_0_IRQ_INTERRUPT_CONTROLLER_ID
should be changed to O.
NOTE: Anytime the BSP is generated parts a-c must be done.
The photo below shows how it should look.

a.
b.

f

198 #define FPGAWB

203 * fpgawb user

"yl

2 #define FPGAWB

system.h &2 | [¢] hello_world.c

REGISTER_WRITE @ SPAN 512

gqsys @ configuration

USER_QSYS_0@ SPAN 65536

3 #define FPGAWB_USER_QSYS_® TYPE "fpgawb user gsys"

197 #define FPGAWB REGISTER WRITE_@ NAME "/dev/fpgawb_register write 8"

199 #define FPGAWB REGISTER WRITE © TYPE "fpgawb register write"

/ #define ALT MODULE CLASS fpgawb user gsys © fpgawb user gsys
5 #define FPGAWB USER QSYS 0 BASE 0x200800
9 #define FPGAWB USER_QSYS_© IRQ 2|

#define FPGAWB_USER_QSYS_©_IRQ_INTERRUPT CONTROLLER ID ©
#define FPGAWB USER QSYS @ NAME "/dev/fpgawb user qsys @"

g. Lines 209 and 210 are the lines that need to be edited. The value 2’ on line 209
of the example photo is dependent on the value set to the interrupt sender
priority in Platform Designer.
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2. Register the ISR with HAL

#include <stdio.h>

#include <system.h>

#include <unistd.h>

#include <stdint.h>

#include "sys/alt stdio.h”

#include "sys/alt irq.h" // MNecessary to use the irqg functions
#include <io.h»

static void Example_ISR(void *context, alt_u32 id) {
printf("Hardware Interrupt Triggered!\n");
¥

int main()

// Register the ISR with HAL

alt_ic_isr_register(FPGAWB_USER_QSYS_B_IRQ_TNTERRUPT_CONTROLLER_ID, FPGAWB_USER_QSYS_8_TIRQ, (void *)Example ISR, NULL, @x@);
alt_ic_irq_enable(FPGAWB_USER_QSYS_@ IRQ INTERRUPT_CONTROLLER_ID, FPGAWB_USER QSYS 8 IRQ);

/f/User Code Here

while(1) {
/7 User Code Here
¥

return 8;

¥
a

b. The photo above shows all the code necessary to enable the hardware interrupt.

At this point the C code and software should have everything necessary to catch the hardware
interrupt and enter the ISR when triggered.
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Setting Up JTAG USB Blaster

This step is necessary to use JTAG USB Blaster to flash .elf files to the Nios.

1. Create afile called “51-usbblaster.rules” in the directory
“/etc/udev/rules.d/51-usbblaster.rules”
a. If the folder rules.d doesn’t exist, create it in the udev directory.
2. Add the following line of code to 51-usbblaster.rules
a. ATTR{idVendor}=="09fb", ATTR{idProduct}=="6001", MODE="0666"
3. The parameters types in here depend on the type of USB Blaster being used. Type the
following terminal command to determine these values:
a. lIsusb | grep Altera
b. In this case Altera is the company brand used for the USB Blaster, which is why
Altera is used in the grep command, if a different company created the USB
Blaster in question type that name instead.
c. The command should print to console the values needed for the .rules file.

4. Now the setup should be finished, after this there are a set of commands useful when
using JTAG and can all be found in the < Intel® Quartus® Prime installation
directory>/quartus/bin> directory.

5. The following procedure can be useful when wanting to do a sort of “Reset” to the JTAG
connection.

markh@fpgabuild:~/intelFPGA/20.1/quartus/bin

File Edit View Search Terminal Help
[mar pgabuild bin]$ killall jta
[m abuild bin]$ ./jtagd -
[m gabuild bin]$ ./jtagconfig
1) U laster [3-2]
02A030DD S5AGT (FD3H3 |MD3G3) /5AGXBB3D4/ . .

[markh@fpgabuild binl$ |

a.
6. If./jtagconfig command still doesn’t print out something similar to what is in the image

above, try the following.
a. Sudo killall -9 jtagd (multiple times until)

The Reset process of the JTAG may be necessary every time wanting to use JTAG on initial
startup.

The ./jtagconfig command is the best way to determine if the connection to the FPGA is made
correctly.
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Misc. Problems/Errors

= Makefile Error

If you build your project and get an error similar to the following error:

E Console 2 [
CDT Build Console [Nios_PID]
To generate from the command Line:
nios2-bsp-generate-files --settings=<settings file> --bsp-dir=<target bsp files directory>

make[1]: *** [Makefile:567: public.mk] Error 1
make: *** [Makefile:842: ../Nios PID bsp/-recurs-make-lib] Error 2

11:27:32 Build Finished (took 169ms)

This occurs because the firmware has changed or it is an initial startup the solution is simple:

Right click the C project folder in the left panel of Nios Il Eclipse
Scroll to the bottom of the options and hover over “Nios II”
Select “Generate BSP”

Now build the project and the error should be gone.

P wnN e



