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Overview

The following external parts are needed to demonstrate the design example;

e MAX10 10M50 DE10 Lite kit
e Mini-USB cable for programming the device
e A Digilent PmodCLP LCD screen — can be purchased here

e Quartus 14.1 or later
o Thisis required only if you want to modify or recompile the example)

o Quartus 14.1 must have “Update 1” installed. Please refer to the Altera Download
Center for information on updates.
e IMPORTANT: only use the 12V, 2A AC adapter that came with this kit. Do not use other
power supplies from other Altera kits, these have higher voltage and may blow out the kit’s
power circuits

Theory of Operation
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Figure 1: Hello World Design Block Diagram
The NIOS Il processor is used to print a basic “hello world” message to an LCD as well as provide a
display of 1s and 0s which would indicate the value of each switch (on or off) . The provided Optrex

16207 LCD Controller Core is used to control the LCD through the NIOS. More information on
its functionality can be found in Chapter 9 of the |P Peripheral User Guide.



http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,401,609&Prod=PMOD-CLP
https://www.altera.com/products/design-software/fpga-design/quartus-ii/overview.html
https://www.altera.com/products/design-software/fpga-design/quartus-ii/overview.html
https://www.altera.com/products/design-software/fpga-design/quartus-ii/overview.html
https://www.altera.com/en_US/pdfs/literature/ug/ug_embedded_ip.pdf

How to Compile the Hardware

1. Connect the LCD module to the dev kit using female to male wires as follows.

LCD Module PMOD PIN Arduino
LCD_DATA(0] 111 JP3_I00
LCD_DATA[1] 11-2 JP3_I01
LCD_DATA[2] J1-3 JP3_l0O2
LCD_DATA([3] 11-4 JP3_IO3
GND 11-5 JP7-GND
VCC 11-6 JP7-3V3
LCD_DATA[4] 1-7 JP3_I0a
LCD_DATA[S] J11-8 JP3_l05
LCD_DATA[6] 11-9 JP3_I06
LCD_DATA[7] 11-10 JP3_I07
GND J1-11 JP7-GND
vcc 11-12 JP7-3v3
LCD_E 12-3 JP2_l0O10
LCD_RS 121 JP2_l08
LCD_RW 12-2 JP2_109
NC 12-4 JP2-NC
GND 12-5 JP2-GND

Pins J1 - 1-6 are the found in the top half of Header J1 while J1 — 7-12 are found in the
bottom half of Header J2

2. Connect the USB from your PC/laptop to the J3 USB connector. You’re set up should look like
below:




3. The design package includes a pre-compiled version of the design under the
master_image folder. This version of the configuration includes the combined FPGA
configuration and NIOS executable. Follow these instructions to load the design onto
your kit:

a. Startup Quartus. Then start the programmer from Tools - Programmer.
b. Click Hardware Setup - USB-Blaster Il and select Add Hardware

e Frogrammer - Li/UAIA/WOrk/adc_toolkit_beta_Gesign/adc_system - adc_system - [adc_system.cdt]®
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d. Click “Auto Detect” and double click where it says <none> on the first row to add your
hello_LCD.sof or hello_LCD.pof file from the master_image folder. Either one will work, but the
.sof will have to be re-downloaded if the board is turned off.
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e. Fillin the checkbox for “Program” and select “Start” to begin downloading the design to
the board — your dev kit will start running the design when the process is successful.

_the LCD screen:

4. You should see the following output on
SR -




How to compile the software

The following steps describe how to use Nios Il Software Build Tools for Eclipse to perform the following
tasks;

i) Create a software project (BSP and application) from a .sopcinfo file
i) Add source code (that is used to the program the LCD) to the project
iii) Download and run source code on the target processor (NIOS II)

Open Quartus Il on a windows platform
Launch Nios Il Software Build Tools for Eclipse from the Tools menu
3. Specify the workspace directory for the project and click ok.
a. ldeally your workspace would be in <location_of Quartus_project>/software
4. When a blank workspace window pops up, right click anywhere in the Project Explorer and
select the following to create a new software project;
a. New->Nios Il Application and BSP (board support package) from Template.

5. Inthe window that appears, browse to the location of the .sopcinfo file in the project folder
and add it to the project. The .sopcinfo file contains information about the Qsys system, each
module instantiated in the project, and parameter names and values contained in the project.
The .sopcinfo file is generated by the Qsys file — we have already provided this file for your
convenience in <project folder>/platform/NIOSII_M10

a. Provide a name for the software project i.e. hello_world
b. Select Blank Project for a template and hit “Finish”



:.{' Nios Il Application and BSP from Template <@sj-iccf0261>

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: [fdatafacastillfhello_worldiIOSII_MlO.sopcinfo l E]

CPU name: [N|052_GEN2 +

Application project

Project name: hello_world

Use default location

Project location: |

Project template

Templates Template description
Blank Project creates an empty project to which
You can add your code.

Blank Project

Board Diagnostics

Count Binary For details, click Finish to create the project and
) ) refer to the readme txt file in the project —
Float2 Functionality directory.
Float2 GCC
The BSP for this template is based on the Altera
Flgat2 Perfomance (] HAL operating system. To use a BSP based on a e
(] i} I 3 differant L)

@ ' _ | Next> || cancet ||

Note: In the future, if you modify the Qsys file for your own design, make sure you are using the
most recently generated .sopcinfo file. Check the timestamp for the file.

In the Project Explorer, right click the project name and left click the import command.
Navigate to General - File System
a. Browse to software - src; you should see main.c and devices. Click OK.



£  Import <@sj-iccf0259> i1

| — -

File system .
Import resources from the local file system. UJ
From directory: |/data/acastill/hello_world/software/src | ¥ J [ Browse. .. ]

B main.c

[Hiter}'ypes...][ Select All ngselectml

Into folder: lhellu_wcrld ] [ Browse...

Dptions:

[] Owerwrite existing resources without warning

[] iCreate top-level folder:

@ =< Back “ |[ Cancel J“ Finish I

b. Select main.c as shown to add it to your project.

Import the contents of the devices folder under software = src
Check the folder to select all the items at once, and check “Create top-level folder”



£  Import <@sj-iccf0261> mp

File system E ?Q
Import resources from the local file system 7
From directory: |/data/acastil/hello_world/software/src/devices | B ] [ Browse... I

= devices L€l lcdGeneric ¢

[€] IcdGeneric.h

| [+ Project Explorer 52 | =

= 15 hello_world

Pl Includes
P = devices
P = obj
[Hlterjypes.‘.] [ Select All I [Qeselectml b Efmam c
= create-this-app
Into folder; [hellofwor\d ] [ Browse...
= hello_world.map
Options

£/ hello_world.objdump
[] Overwrite existing resources without warning

readme txt

b £ hello_world_bsp [NIOSI_M10]

| & Makefile

Your project explorer should look similar to the image on the right.

9. Right click on the project’s folder and select Properties
a. Under properties, set the Debug Level and Optimization Level to “OFF”

* Properties for hello_world <@sj-iccf0259> ([l <

i[ ‘ Nios Il Application Properties r -

P Resource

Builders Configuration: | default [ activ & [Manage Configurations...J

P C/C++ Build
P C/C++ General

ELF name: |hello_world.elf
» Nios Il Application Prop

Project References RElinEd BymbDle. [

Flags

Run/Debug Settings Undefined symbols: [ ]
b Task Repository Assembler flags: [ ]
WikiText
Warning flags: [—Wall ]
User flags: [ ]
Linker flags [ ]
Debug level: Off s

Optimization level:

Create object dump

Enable source management

BSP project location: |../hello_world_bsp/ J E]

g



10. Now we will edit the BSP settings for the project:
a. Right click on the project’s BSP folder and navigate to Properties
b. Under the NIOS Il BSP properties, set the Debug Level and Optimization Level to “OFF” — hit
apply to save the settings.
c. Click on BSP Editor in the window
Check in enable_small_c_library and enabled_reduced_device_drivers
e. Hit Generate

ma Nios Il BSP Editor - settings.bsp <@sj-iccf0259>

File Edit Tools Help

I,lr Main | Software Packages } Drivers ]/ Linker Script f Enable File Ceneration r Target BSP Directory

SOPC Information file: ../ /NIOSII_M10.sopcinfo
CPU name: NIOSZ_CENZ
Operating system: Altera HAL Version: |default :

BSPtarget directory: /datafacastillfhello_world/software fhello_world_bsp

9 Settings |~| | hal |
¢ Common : sys_clk_timer: -
e jnone [ |
sys_clk_timer timestamp_timer: none | »
timestamp_timer = stdlin: - =
2 LCD
stin co [~]
stdout stdout: =
stderr | stderr: LD = H
enable_small_c_library >
enable_gprof Z enable_small_c_library
enable_reduced_device_drivers : [] enable_gprof
enable_sim_optimize
% i [v] enable_reduced_device_drivers
9 linker
enable_exception_stack | [ enable_sim_optimize |
<] Il [ 1»] || naLlinker ~

l/ Information | Problems | Processing |

@ Setting "hal.linker.interrupt_stack_memory_region_name" set to "ONCHIP_RAM_16K".
@ Setting "hal.linker.exception_stack_memory_region_name" set to "ONCHIP_RAM_16K".
@ Loading drivers from ensemble report.

@ Mapped module: "NIOSZ2_GENZ2" to use the default driver version.

@ Mapped module: "LCD" to use the default driver version.

@ Mapped module: "SYSID" to use the default driver version.

@ Finished loading drivers from ensemble report.

@ Loading BSP settings from settings file.

»

L]

Generate I i Exit

11. Compile the project by selecting Build All from the Projects Menu or alternatively Ctrl+B.

a. ltis often better practice to do Project - Clean to refresh and build your files.

b. Once successfully built, a .elf file should appear under the project folder
12. Program the FPGA device by launching Quartus Il programmer from the menu and downloading

top.sof found in the output folder of the project.
13. Load the executable to the processor by right clicking on the project folder and selecting
Run = Run Configurations

14. Double click on Nios Il Hardware, and new configuration opens on the right pane.

a. Make sure you select the project name as hello_world and .elf file as hello_world.elf

15. In the Run Configurations page under the Target connections tab.
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Check the options:
i. Ignore mismatched system ID

ii. Ignore mismatched system timestamp.
b. If you don’t see the connection specified, click Refresh Connections.
c. Click Apply followed by Run.

MName: I Mew_configuration

Y
—

Cable | Device |Device 1D |Instanc...| Name |archite... | Refresh Connectio

Hesaolve Names

System ID Propertie

Byte Stream Devices;
Cable | Device |Device ID |Instanc...| Name | version

[~ Disable 'Nios II Console’ view

IT#G Debugging Information File name:| J

System ID checks

[~ Ignore mismatched system ID

[ Ignore mismatched system timestamp

Download =

’7|_ Reset system on download _,_'_I
»

. I

Goply | Hevert |

You should see something like this.
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16. Now your hardware image is downloaded to the FPGA through the Quartus programmer

and the NIOS code has also been downloaded through Eclipse. You can proceed to the
demonstration as discussed in the earlier steps.

The method described works well if you are modifying your code — the .sof / .pof file can remain on the
board, but you may re-download the .elf file as many times to check the output of your software.
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Merging the NIOS executable into the FPGA configuration file

The master_image directory shipped with the design example .sof and .pof files have the NIOS
executable incorporated in them. The prior steps detailing how to build your hardware and 21
software show you how to compile the hardware without the image loaded in the .sof or .pof file. In
those steps, you load the NIOS executable from Eclipse through the Run = NIOSII Hardware step.

This section will allow you to merge the .elf executable into the .sof once your software is stable. In Eclipse,

right click the project and select Make Targets. Click on mem_init_generate. You will generate a
.hex file that is in the location where your software build is located (e.g):

<project directory>/mem_init/<name>.hex

(The name of the .hex file is determined by the settings in your mem_init file under the BSP directory.)

Next, you need to return to Qsys and change the ONCHIP_RAM component by double clicking it. The
initialize memory content and enable non-default initialization file needs to on. Enter the location

where the .hex file is located.

System: NIOSILM10  Path: ONCHIP_RAM_16K

On-Chip Memory (RAM or ROM)

altera_avalon_onchip_memony2
|

CUArUTT actey

[Isingle clock operation
Read During Write Mode:

|
Block type:

Details

|

[~ size
Data width: 32 -
Taotal memory size: [16384 | bytes
[:| Minimize memaony block usage {may impact fmai)

|~ Read latengy

Slave s1 Latency: H

Slave 52 Latency. Di ‘

[* ROM/RAM Memory Protection

Reset Request: Enabled =

[* ECC Parameter

Extend the data width to support ECC bits! |pisabled | w

[¥ Memory initialization

Initialize memaory content

[v] Enable non-default initialization file

Type the filename {e.g: my_ram.hex) or select the hex file using the file browser button.

User created initialization file:

]/datafacastilI/hello_worId/soﬁware/hello_world/mem_init,'NlOSIl_M 10_ONCHIP_RAM _16K.h

[] Enahle In-System Memory Content Editor feature
Instance I1D:

User is required to provide memory initialization files for memory.
Memory will be initialized from data/acastill{ hello_world/software, hello_world/ mem_init/NIOSII_M10_ONCHIP_RAM_16K.

Kl

I

Il

[

[]
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Next, click Generate HDL - Generate. Return to Quartus and click compile and you will generate a new

.sof file with the NIOS executable included. Run the programmer and download the new .sof. Run the
demonstration as described in the previous steps.

To generate a .pof file for non-volatile demonstrations, in Quartus run File > Convert Programming
Files. Change mode to Internal Configuration. Highlight SOF data, click add file and select
output_files/top.sof.

. “ - S —
1 H_‘si‘-f Convert Programming File - C:/Users/acastill/Documents/Demo-In-a-Box_B186/Demo-In-a-Box/Design Files/MAX10_DKIT_D... ‘ :" e ®

[\

Fie Tools Windo Search altera.com @

. ~
Conversion setup files

Open Conversion Setup Data... ] [ Save Conversion Setup... |
Output programming file
Programming file type: [Programmer Object File (.pof) v ]
Configuration device: EPCE16 * | Mode: [Inhernal Configuration v ]
File name: output_file.pof [:]
Advanced... Remote/Local update difference file: NONE v

Create Memory Map File (Generate output_file.map)
Create CvP files (Generate output_file.periph.pof and output_file.core.rbf)

[ create config data RPD (Generate output_file_auto.rpd)

Input files to convert

m

File/Data area Properties Start Address Add Hex Data

4 SOF Data Page_0 <auto>

top.sof 10MSODAF484ES jdd Sof Page

Add File...

Remove

e—

Up

Down

1 Properties

Generate ] [ Close ][ Help =

1

Click Generate, and you will see the output_files/top.pof file to download with the programmer.
The demonstration will continue to run even after power cycling the development kit
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