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Chapter 1: Introduction to the DE2-115
Development and Education Board

1.1 Overview of DE2-115
This device (FPGA Board) is specifically designed for to create, implement, and test digital designs using

programmable logic. Figure below shows the I/O ports in DE2-115. It shows the layout of the board and
indicates the location and connections of various components.
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Figure 2-1 The DE2-115 board (top view)

The following hardware is provided on the DE2-115 board:
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- Altera Cyclone® IV 4CE115 FPGA device

->Altera Serial Configuration device — EPCS64

—>USB Blaster (on board) for programming; both JTAG and Active Serial (AS) programming modes are
supported

->2MB SRAM

->Two 64MB SDRAM

->8MB Flash memory

—>SD Card socket

-4 Push buttons

—>18 Slide switches

—>18 Red user LEDs

-9 Green user LEDs

—>50MHz oscillator for clock sources

- 24-bit CD-quality audio CODEC with line-in, line-out, and microphone-in jacks
2>VGA DAC (8-bit high-speed triple DACs) with VGA-out connector
—>TV Decoder (NTSC/PAL/SECAM) and TV-in connector

-2 Gigabit Ethernet PHY with RJ45 connectors

—>USB Host/Slave Controller with USB type A and type B connectors
->RS-232 transceiver and 9-pin connector

->PS/2 mouse/keyboard connector

- IR Receiver

-2 SMA connectors for external clock input/output

—>0ne 40-pin Expansion Header with diode protection

->0ne High Speed Mezzanine Card (HSMC) connector

—>16x2 LCD module
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1.2 Block Diagram of the DE2-115 Board

Figure gives the block diagram of the DE2-115 board. To provide maximum flexibility for the user, all
connections are made through the Cyclone IV E FPGA device. Thus, the user can configure the FPGA to
implement any system design.

v .

- B Slide

¢ 25 7 5 0 o8 o 8 G % R
SN PR

Block Diagram of DE2-115

Following is more detailed information about the blocks of the Figure below:

FPGA device:

*Cyclone IV EPACE115F29 device
114,480 LEs

+432 M9K memory blocks

+3,888 Kbits embedded memory
*4PLLs

FPGA configuration:
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*JTAG and AS mode configuration
*EPCS64 serial configuration device
*On-board USB Blaster circuitry

Memory devices:

+128MB (32Mx32bit) SDRAM

*2MB (1Mx16) SRAM

*8MB (4Mx16) Flash with 8-bit mode
*32Kb EEPROM

SD Card socket:
*Provides SPI and 4-bit SD mode for SD Card access

Connectors:
*Two Ethernet 10/100/1000 Mbps ports
*High Speed Mezzanine Card (HSMC)
*Configurable I/O standards (voltage levels:3.3/2.5/1.8/1.5V)
*USB type A and B
—>Provide host and device controllers compliant with USB 2.0
->Support data transfer at full-speed and low-speed
—>PC driver available

+*40-pin expansion port
->Configurable 1/0 standards (voltage levels: 3.3/2.5/1.8/1.5V)
*VVGA-out connector
2>VGA DAC (high speed triple DACs)
*DB9 serial connector for RS-232 port with flow control
*PS/2 mouse/keyboard

Clock:
*Three 50MHz oscillator clock inputs
*SMA connectors (external clock input/output)

Audio:
«24-hit encoder/decoder (CODEC)
sLine-in, line-out, and microphone-in jacks

Display:
*16x2 LCD module

Switches and indicators:
+18 slide switches and 4 push-buttons switches
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18 red and 9 green LEDs
*Eight 7-segment displays

Other features:
eInfrared remote-control receiver module
*TV decoder (NTSC/PAL/SECAM) and TV-in connector

Power:
*Desktop DC input
*Switching and step-down regulators LM3150MH

1.3 Getting Started
After getting the overview of the kit, next step is to download the necessary software development tools
and drivers for the DE2-115 that will connect to your host computer via USB.

Required Downloads:

The majority of resources listed below are found on the DE2-115 and T-Pad System CDs. These CDs can
be downloaded from Terasic’s website free of charge. Students should first download these files onto
their personal computers. Each student will need to become a Terasic member. This is done on first
download attempt.

Resources on the System CD are not available for single file download directly from Terasic website.
Specific files, unavailable for download, is available from System cd.

To download Quartus Il and Nios Il:

https://www.altera.com/download/dnl-index.jsp

To download system CDs:

1. DE2-115 resource site:

http://www.terasic.com.tw/cgi-bin/page/archive.pl?
%E2%80%A8Language=English&CategoryNo=139&No=502&PartNo=4

2. TPad resource site:

http://www.terasic.com.tw/cgi-bin/page/archive.pl?
%E2%80%A8Language=English&CategoryNo=139&No=550&PartNo=4

Downloading Quartus Il and Nios Il
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Step 1) Go to the link below:

https://www.altera.com/download/dnl-index.jsp

Step 2) Click on the icon “Download Windows Version” and run The Altera Software Installer will open

@4 Altera Software Installer (1.0 Build 157) o s s =N EON

Introduction
Welcome to the Altera Software Installer

The Altera Software Installer guides you through the process of installing Altera software.,

To continue, dick Next.

» For more information about Altera software, go to the Design Software Support website,

Mm #» For technical support, go to the www.altera. com/mysupport website,
H

» For online documentation on software installations, dick here.

= For Altera Software Installer command-ine options, did here,

> Introduction

[] Allow Altera Software Installer to report statistics to Altera to improve guality.

[ Mext = ]’ Cancel

Step 3) Click Next then Agree to the Terms and Conditions, then click Next
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Installer Setup
Select the location of the installation files.

(7 Specify the Installation Files Directory

Select this option if you want the Altera Software Installer to retrieve installation files from
your hard disk or local network.,

Installer Source Directory:

Browse

@ Download Installation Files from the Internet

Select this option if you want the Altera Software to retrieve installation files from the
Internet.

Spedfy how you are connected to the Internet:
@ Mo proxy {recommended)

> Installer Setup () Manual proxy configuration

Web Proxy: Port:
Username:

Password:

< Back ][ Mext = ” Cancel
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Step 4) Select the Destination where the Altera folder is going to be located and the name of the folder

Click next

Select Destination
Specify the software destination directory.

Destination Directory:

c:\altera\11.0
Available Space: 134G
Temporary Directory for installation files:

C:\Users\CACONN ~1\AppDataiLocal {Temp
Available Space: 134G
[] Remove saved installation files after completion.

[7] Download enly and install later.

Program Folder

Spedfy the Program Folder:

Altera|
Existing Folders:

|3

> Destination Select )

m

< Back ][ Mext = ][ Cancel
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Step 5) Select everything except for the Components that say “Paid”. The Paid version is a 30-day trial

after that you will not be able to use it. Click next

®U Altera Software Installer (11.0 Build 15 Lo = |

Select components

Select the software components you want to install.

‘omponents Select

Components

> [] Quartus I Subscription Edition (Paid)
+ Quartus II Web Edition (Free)
ModelSim-Altera Starter Edition (Free)
[7] ModelSim-Altera Edition (Paid)
» Mios I Embedded Design Suite
DSP Builder
Stand-Alone Quartus I Programmer (Free)

Install Size Download Size

270G 326 M
270G 326 M
184 M 40 M
722 M 96 M

Description

Installs DSP Builder, DSP Builder is & digital signal processing (DSF) development tool that &
interfaces between the Quartus II software and MATLAE or Simulink tools. DSP Builder 3

combines the algorithm development, simulation, and

verification capabilities of MATLAE  ——

and Simulink svstem-evel desian tools fram The MathWWarks with YHDL svnthesis.

Install: Download:
Space Required: 111G 3.3G Select/Deselect All
Space Available: 134G 134G

< Back ][ Mext > ][ Cancel ]
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Step 6) Click next for the DSP Builder setup

DSP Builder 11.0 Setup I
Specify the location of your MATLAB installation. [

@ Skip MATLAB setup.

Select from the following list of MATLAB versions found on your system.

Cannot find a version of MATLAB

> Components Select

~ Spedfy other MATLAE installation directory.
" [Please note only versions from R.200%a and above are supported)

Browse

< Back ][ Mext = ][ Cancel
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Step 7) A summary of what will be installed to the computer will appear

Installation Summary
Review the installation summary to verify your software installation options, and then didk Next to begin the installation.

> Summary

Destination Directory:
c:lalteral11.0

Cache Location:

C:\Users\CACONN~1\AppData'Local {Tempialtera_11.0_157 |

Program Folder:
Altera

Selected Components:

Quartus II Web Edition (Free)

* Quartus II Web Edition (Free)

* Arria GX Family
* Arria II GX Family
* Cyclone Family
* Cyclone II Family

* Cydone IIL/III LS Families

* Cyclone IV E Family

* Cyclone IV GX Family

* | egacy Families

* MAYX 1T Family

* MAY V' Family

* Stratix Family

* Stratix II Family

* Stratix II GX Family
* Stratix IIT Family

ModelSim-Altera Starter Edition (Free)
Mios IT Embedded Design Suite

* Nios IT SBET | Nios II GCC4 Toolchain
* L egacy Package: Mios II IDE / GCC3 Toolchain / C2H Compiler e

DSP Builder

*

m

< Back ][ MNext = J[ Cancel
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Step 8) After the installation is complete click finish.

Installation
Please wait while the Altera software is installed.

Installation successful. |
—
Components Downloaded a

4 (uartus I Web Edition (Free)
Quartus I Web Edition (Free)
Arria GX Family
Arria IT GX Family
Cyclone Family
Cyclone I Family
Cyclone II/TI LS Families
Cyclone IV E Family
Cyclone IV GX Family
Legacy Families
MAX T Family
MAX W Family
Stratic Family

Stratix I Family
4| m

m
[ = W
TT—

SN NS NSNS N NN RN

Start Quartus II 11.0
Get Quartus II Subscription License
Create Desktop Shortcut

Quartus II Web Edition (Free) and Mios II SBT [ Nios II GCC4 Toolchain
= Installation ModelSim-Altera Starter Edition (Free)

| Rate your installation experience

< Back Cancel

Using these steps, Quartus and Nios software can be downloaded and ready to be used on the board.
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1.4 Control Panel Demonstration
To get familiarized with the board, Control Panel can be used which automatically uses Quartus Il to run
a demonstration on the DE2-115. A video link demonstrating the same is given below:

http://www.youtube.com/watch?v=EtDDd07yUnw

Step 1: Connect the DE2-115 to your host computer through the USB port. Turn on  the power by
pressing the big red push-button. Make sure that SW-19 is set to Run.

Step 2: open <system cd>\DE2_115\DE2_115 tools within this file you will find control_panel.exe. With
the DE2-115 connected to your host computer, execute this Control Panel file by double-clicking its icon.

Note: If your Operating System is running on 64 bit, click on win7_64bits and then click in the DE2_115
Control Panel

Step 3: It may take a few minutes for the
program load. Control Panel provides a GUI
for you to play with all the peripherals on the
DE2-115.

Once the Control Panel is open, follow the
pattern shown in the picture below and type é
your name into the LCD Display: eWULUUUUUUULLUY) @

UEEEENEEE
ENENENENE
EENENEEEE

“URTGRAT

A link describing the DE2-115 board is given below: http://www.youtube.com/watch?v=720t8fNcJKM
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Chapter 2: Hardware Design Flow Using
Verilog in Quartus II

2.1 Introduction to Quartus II System Development Software
This chapter is an introduction to the Quartus Il software that will be used for analysis and

synthesis of the DE2-115 Development and Education Board. Throughout this chapter hardware
description languages like Verilog will be used for coding. The Altera Quartus 11 design software
provides a complete, multiplatform design environment for system-on-a-programmable-chip
(SOPC) designs. Also an example will be implemented in a tutorial using the hardware
description language (Verilog) and the DE2-115. Below are some suggested readings before

going into the next section.

Quartus Il Development Software Reading Resources:
(In suggested chronological reading/watching order)

1) Introduction to Quartus Il Software

- Version 11.0 (Latest):

http://www.altera.com/literature/manual/quartus2 introduction.pdf

* NOTE: The link to the newer version of the later version (11.0) provides a very
brief overview, whereas the older version (listed below) gives more in depth information.
- Version 10.0:

http://www.altera.com/literature/manual/archives/intro to quartus2.pdf

«  focus: Emphasis is placed on the following sections, although a greater

knowledge base is achieved by reviewing the entire document:
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a) Design Flow- Introduction (Page No. 11), Graphical User Interface Design

Flow (Page No. 12)

b) Design Entry (Page No. 29) Introduction, Creating a Project(Page No. 30),
Creating a Design(Page No. 31), later this document can be used for a specific
method of design entry (like Verilog, Block Diagram, VHDL, etc.)

c¢) Programming & Configuration (Page No. 93) Introduction, Creating and

Using Programming Files

2) Using Verilog for Quartus 11 Design:
<system cd>\DE2_115 tutorials\tut_quartus_intro_verilog.pdf
« focus: This tutorial guides through the simulation process so that the project can
be implemented without needing access to the DE2-115.(familiar with quartus and Verilog)
(PG No 1-21)

3) Quartus Il Handbook: http://www.altera.com/literature/hb/qts/quartusii_handbook.pdf

» NOTE: This resource is in depth and is only necessary to briefly overview the

material in order to know where information can be found on an as needed basis.
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2.2 Design Flow (Hardware Only)

W
Design Entry

v

Synthesis

v

Functional Simulation

Mo

Design correct?

-

k4

M Fitting

M W

Timing Analysis and Simulation

o |
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met?

Yes

W

Programming and Configuration
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2.3 Binary Adder Example

Now that you are getting familiar with Quartus Il and the DE2-11 a tutorial discussing

the basic steps for using Quartus Il is discussed below.

In this example, the components from the DE2-115

Board that will be used are:

-> 7 Segment Hex Display,

- Switches,

- 8 Red LEDs, and the

- LCD Display

4-Bit Binary
Number 1

4-Bit Binary
Number 2

As shown in the picture above the switches and LED’s are synchronized and represent a

4 bit binary number. The values of these binary numbers are displayed on the 7 segment display

and LCD. Moreover the addition of these two binary numbers is also displayed on the seven

segment display and LCD.

*To learn more in detail about the 7 Segment Hex Display also there is a short video about 7 segment display () and

LCD refer to the last 5 pages of this example

SFSU - Embedded Systems Tutorial
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0The Binary Adder tutorial teaches how to

e Connect the conputer with the DE2-115.

e Create a new project using Quartus II.

e Create a Verilog file.

e Put I/O pin locations in the assignment editor.
e Synthesize your design.

e Use system builder.

1. The youtube video for the complete procedure can be accessed from the link given below:

http://www.youtube.com/watch?v=PB9wk5W!I Ec

2. The example can also be implemented by using the written instructions given below:

Step by Step Binary Adder Tutorial

Step 1: Install the USB driver for the FPGA development board. This step will only be

done for the first time the FPGA board is used.

a) On the FPGA board, connect the power plug to an outlet. Connect the USB cable
from your computer to the FPGA board in port J9 (closest to the power outlet).
b) Open the start Menu and Search Windows for “Device Manager”-> Scroll down

to “Other Devices”-> A new window called “USB Blaster Properties” will open.
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File Action View Help
@ | F Em e
- g8 MININT-KS6E44K |

3 3 Batteries
s £} Bluetooth Radios
& Broadcom 2070 Bluetooth
M| Computer
-y Disk drives
B Display adapters
- DVD/CD-ROM drives
‘g IDE ATA/ATAPI controllers
5 Imaging devices

~ZZ Keyboards

ﬂ Mice and other pointing devices
- Modems

<A Monitors

l? Metwork adapters

5 Other devices

3
b
b
b
I_>
4
3
53
b
b
>
.

JEB Portable Devices
b Y3 Ports (COM & LPT)
b - Processors
bﬂ' Sound, video and game contrellers
b 18| System devices
b i Universal Serial Bus controllers
[+~ USB Virtualization

c) Under the tab “Driver” select “Update Driver” -> A new window will pop up and

you’ll select “Browse my computer for driver software

" ~
USE-Blaster Properties ‘ _‘ 1 | 2 J
General | Driver I Details

U5E-Blaster .

How do you want to search for driver software?
Device type: Other devices L
Manufacturer: Unknown

I % Search automatically for updated driver software

Location: Port_#0003.Hub_#0004 Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
Device status i settings.
The drivers for this device are not installed. {Code 28) -

;hefnrzmls-no driver selected for the device information set or 2 Browse my computer for driver software

Locate and install driver software manually.

To find a driver for this device, click Update Driver |
[ Update Driver... ]
|
[ox [ comesr ]
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Step 2:

d) In the field “Search for Drivers in this location” browse your computer to create

the following path: C: - > Altera -> 11.0 -> Quartus -> Drivers -> USB Blaster

then select “Browse”

Browse for driver software on your computer

Search for driver software in this location:

(Cvalteraddl D quartushdriversiusb-blaster - Browse...

Include subfolders

=» Let me pick from a list of device drivers on my computer
This list will show installed driver so frware compatible with the device, and all driver
software in the same category as the device.

[ Mex | [ Cancel |

e) You may need to click “allow” to complete the process.

Open the Quartus 11 software

a) Select “Create New Project Wizard”

File | Edit Wiew Project Assignments Proces
O

New. .. Ctrl+M
= Open... ctrl+0
Close Ctrl+F4
@ Mew Project Wizard...
E Open Praject... Cirl+3

Sawe Project
Close Project

b) In the first step (1 of 5) you will need to create a directory for your project and

name your new project.
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CEE=me — )

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

What s the working directory for this project?

Adder

Adder

Ci\Users\WMECRL\Desktop E]
What s the name of this project?

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

Use Existing Project Settings. ..

< Back ][ Mext = J[ Finish ][ Cancel H Help

c) Instep 2 of 5, you will add any previously created files to your project. Make

sure to go to the lower portion of screen and select “Add User Libraries”.

A new window opens. Go to “Global Library Name” and to the right of
Global libraries click on “...”

Go to “Computer” then go to the “C drive” (where the Altera folder is
located)

Go to on the Altera folder then go to the “quartus” folder

Go to on the “libraries” folder

Add the “MegaFunctions” library and click “Select folder” then “OK”

d) In step 3 of 5, “Family & Device Settings” you will adjust the family and

device you want to target for compilation.

SFSU - Embedded Systems Tutorial

i.  Device family is Cyclone IV E.

23 Nano- Electronics & Computing Research Lab



ii.  Target device is “Specific” and select our device from “Available

Devices”>EP4CE115F29C7. Click “Next”

@ e oo L e
Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation

Device family Shew in ‘Available devices' list

Family: [Cyclone v E

Package: [any

Devices: [All

Enamoms [

Target device Speed grade: [Any

T) Auto device selected by the Fitter Show advanced devices
@ Spedific device selected in "Available devices' list HardCopy compatible only (&
Other: nja

Available devices:

Mame Core veoltage LES User 1/Os
EP4CE115F23C8L Lov 114480 251
EP4CE115F23CSL Lov 114480 251
EP4CE115F2317 12v 114480 281
EP4CE 115F 23181 1.0v 114480 251
3
EP4CE115F29C8 12v 114480 529
EP4CE115F29C8L 1aov 114480 529

<«

I

Companion device &)
HardCopy:

Limit DSP & RAM to HardCopy device resources

e) Instep 4 of 5, EDA Tool Settings do not make any adjustments. Click “Next”
f) Instep 5 of 5, Summary, click “Finish to create your new project.

Step 3:  You will need to create a new Verilog file for your project.

a) Under “File” select “New”

Edit WView Project Assignments Proces

O rew... Ctrl 4+
= Open... Ctrl+0
Close Ctrl+F4

&1 mMew Project wizard. ..
E Open Project... Ctrl+3
Save Project

Close Project
EH save Ctri+5
Save As...
Bl save al Ctrl+Shift+5
File Properties. ..
Create [ Update >
Export...

Conwvert Programming Files...

Page Setup...

Print Preview

b8

Print... Cirl+P
Recent Files >

Recent Projects >

Exit Alt+F4

b) Under “Design Files” select “Verilog HDL File”
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a MNew p—

4 Design Files -
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Tl Script File
WHDL File
Verilog HOL File
4 Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File .
4 Other Files
AHDL Indude File
Block Symbol File
Chain Description File
Synopsys Design Constraints File
Text File —

m

[ Ok ] [ Cancel ] [ Help

c) Click “OK”

d) A new Verilog file will open. An asterisk will appear near the file name
whenever unsaved changes have been made.

~ This tutorial focuses on Verilog (a hardware description language), In order to

program the Altera DE2-115

Step 4: Copy the Verilog Code from the file Binary_Adder.txt file into Quartus 11

Note: Binary_Adder.txt is located in the Codes folder

Step 5: You will use the DE2-115 manual to determine ports and PIN assignments.
Assignments->assignment editor (Ctrl+Shift+A) set all components to their appropriate locations

and voltage
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Assignments | Processing Tools  Window Help &
9 Device...
& Settings... Ctrl+5hift+E

TimeQuest Timing Analyzer Wizard...

<& Assignment Editor Cirl+5hift+A
2 PinPlanner Cirl+5hift+N
Remove Assignments...
i‘i Back-Annotate Assignments...

Import Assignments...

Export Assignments...

Assignment Groups. ..

& LogicLock Regions Window Alt+
g?@ Design Partitions Window Alt+D
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tatu From To
1 P - clock_so
2 P - cLock_so
3 [N & eoR(0]
4 v [N & R[]
s [ & L5oR))
s v I & oR01
7 v I & R0
s I © om0
s v I © £0R03]
o N & LEoR()
u [ & o
2 v [ - )
s v [ - (]
1 [ & (]
5 v I & ()
5 v [ & [
v v I &
B v I &
1 v N & s
o [N & 5]
2 v [ & s
2 v I & v
z v I & v
22 v I & 52
s v I & v
x v I & s
z v N & HExol]
s N & Hexol]
2z I © ol
o v I © ool
st [ © ool
2 < I © ol
3 v [ < ool
# v [ < ol
s v I & ol
x v N & x4
77+ [N & Hexo[s]
3 I & ol
= I & ol
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Assignment Mame

Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location

27

Value
PIN Y2
3.3V LVTTL
PIN_G19
2.5V
PIN_F19
2.5V
PIN_E19
2.5V
PIN_F21
2.5V
PIN_M23
3.3V LVTTL
PIN_M21
3.3-VLVTTL
PIN_MN21
JIVLVTTL
FIN_R24
3.3VLVTTL
PIN_AB23
3.3WLVTTL
PIN_AC28
3.3V LVTTL
PIN_AC27
3.3-VLVTTL
FIN_AD27
JIVLVTTL
PIN_G18
2.5V
PIN_F22
2.5V
PIN_E17
2.5V
PIN_L26
3.3-VLVTTL
PIN_L25
JIVLVTTL
PIN_122
3.3VLVTTL
PIN_H22

Enabled Entity Comment Tag

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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41
42
43
43

47

&

5L
52
33
4
33

57

M

6l
62
03
04
63

o7

69

71
72
73
74
73

= o F

O HEXO[E]
o HEX1[0]
& HEX1[0]
o HEX1[1]
o HEX1[1]
o HEX1[Z]
o HEX1[Z]
O HEX1[3]
& HEX1[]
o HEX1[4]
o HEX1[4]
5
HEX1[5]
HEX1[5]
HEX2[0]
HEX2[0]
HEX2[1]
o HEX2[1]
o HEX2[Z]
o HEX2[Z]
O HEX2[3]
O HEX2[3]
o HEX2[4]
o HEX2[4]
& HEX2[]
O HEX2[5]
O HEX2[8]
O HEX2[8]
o HEX3[0]
o HEX3[0]
& HEX[1]
o HEX3[1]
o HEX3[Z]
o HEX3[Z]
o HEX3[3]
o HEX3[3]
O HEX3[4]
o HEX3[4]

o
o
o
o
o

v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
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1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1/0 Standard
Location
1j0 Standard

28

33T
PIN_M24
3,39 LVTTL
PIN_Y22
334 LT
PIN_W21
334 LT
PIN_W/22
33T
PIN_W/25
334 LT
PIN_U23
334 LT
PIN_U24
334 LT
PIN_AAZS
334 LT
PIN_AAZS
334 LT
PIN_Y25
334 LT
PIN_W/25
334 LT
PIN_Y26
334 LT
PIN_W27
334 LT
PIN_/28
334 LT
PIN_V21
334 LT
PIN_U21
334 LT
PIN_AB2D
334 LT
PIN_AAZ1
334 LT
PIN_AD24
334 LT

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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118
119

REREE

125

127

129

131

BIRER

136
137

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

Step 6:

+ [ & Hexel3) 1/0 Standard 33V LVTTL Yes ]
+ [ & Hexal4] Location PIN_AB15 Yes ]
+ [ & Hexal4] 1/0 Standard 33V LVTTL Yes ]
+ [ & Hexals] Location PIN_AA1S Yes ]
+ [ & Hexals] 1/0 Standard 33V LVTTL Yes ]
v [ & Hexels) Location PIN_AC17 Yes ]
v [ & Hexels) 1/O Standard 3.3V LVTTL Yes ]
+ [ & Hex7[0] Location PIN_AD17 Yes ]
+ [ & Hex7[0] 1/O Standard 3.3V LVTTL Yes ]
+ [ & Hex7[Y Location PIN_AE17 Yes ]
~ [ & Hex7l] 1/0 Standard 33V LVTTL Yes ]
' [ & Hex7l) Location PIN_AG17 Yes ]
~ [ & Hex7[) 1/0 Standard 33V LVTTL Yes ]
v [ & Hex73) Location PIN_AH17 Yes ]
v [ & Hex73) 1/O Standard 3.3V LVTTL Yes ]
+ [ & Hex7[4] Location PIN_AF17 Yes ]
+ [ & Hex7[4] 1/O Standard 3.3V LVTTL Yes ]
+ [ & HEx 7[5 Location PIN_AG1S PR ]
v [N & HexT[s] 1/0 Standard 33V LV status: ok | NN
+ [ & Hex7[s] Location PIN_AA14 e ]
+ [ & Hex7[s] 1/O Standard 33V LVTTL Yes ]
+ [ & Leor2[0] Location PIN_F15 Yes ]
+ [ & (EDR2[0]  1/O Standard 2.5V Yes ]
+ [ & (OR2[]  Location PIN_G15 Yes ]
+ [ & (EDR2[1]  1jO Standard 2.5V Yes ]
+ [ @ (E0R2[Z]  Location PIN_G16 Yes ]
+ [ & LeoR2lY) 1/0 Standard 2.5V Yes ]
~ [ & Leor2l3) Location PIN_H15 Yes ]
~ [ & eor2l3) 1/0 Standard 2.5V Yes ]
+ [ & swal) Location PIN_AAZ3 Yes ]
v [ & 5wzl 1/O Standard 3.3V LVTTL Yes ]
M EEER Location PIN_AA22 Yes ]
+ [ - swal] 1/O Standard 3.3V LVTTL Yes ]
+ [ & swap7) Location PIN_Y24 Yes ]
+ [ & 5wl 1/0 Standard 33V LVTTL Yes ]
+ [ & 5wl Location PIN_ Y23 Yes ]
+ [ & swal) 1/0 Standard 33V LVTTL Yes ]

For any project it is required to create pin assignment from the DE2-115 manual.

a) Under “Assignments” select “Assignment Editor”
b) Add each port under “Assignment Name” —each port will need two
assignments:
i.  PIN location
ii.  1/O requirement.

Note: This process is very lengthy and in the future can be bypassed using “System

Builder”( PG No. 15).
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Step 7:  When the Verilog code is finished, and all assignments are done, you will be

ready to compile your design and program the device.

Step 8: At the top of the screen, select the “Play” button to begin the automatic

compilation process. Watch in the lower left screen as the compilation process occurs.

This may take several minutes.

Processing | Tools  Window  Help

Stop Processing

B  Start Compilation
ﬂ Analyze Current File
Start
Update Memory Initialization File

Compilation Report

ﬁ? PowerPlay Power Analyzer Tool
W 55N Analyzer Tool

&) (Step 7)
Ctrl +5hift+C

Ctrl+L

Ctrl+R

Step 9:  When it has compiled, double click on “Program Device”.

a) Push the large red button on the FPGA board to turn on the power.

b) Programmer will open, and at the top left “USB Blaster” will appear. If it does

not, click on “Hardware Setup”. Select “USB Blaster” and click ok.

c) When “USB Blaster” appears next to “Hardware Setup” select “Start” and

watch the upper right corner as the design is implemented.

d) When the “Progress” bar has reach 100% you may test your design on the

FPGA board.

SFSU - Embedded Systems Tutorial
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[Tools ] WWindow Help =

vlge Ewmiy 490 G HY

#F

ra

2ol

Run EDA Simulation Tool

Run EDA Timing Analysis Tool

Launch EDA Simulation Library Compiler
Launch Design Space Explorer

TimeQuest Timing Analyzer
Advisors

Chip Planner {(Floorplan and Chip Editor)
Design Partition Planner

Metist Wiewers

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

Programmer

ITAG Chain Debugger

Transceiver Toolkit

External Memory Interface Toolkit

MegaWizard Plug-In Manager

Mios IT Software Build Tools for Edipse
SOPC Builder

Qsys

Td Scripts. ..

Customize...
Options...

License Setup...
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2.4 Introduction to System Builder
Alternate way to do pin assignments with the help of System Builder

System builder is a GUI that creates pin assignment by selecting the components that will be
needed for a project. System builder saves time by creating the pin assignments for you and

letting you choose what components you need. For Example:-

1) Open DE2 115 tools->DE2_115 system_builder to find DE2_115 SystemBuilder.exe

2) Name the project under Project Name: in this Tutorial we name or project Binary Adder

System Configuration

Project Name:
[Binary_adder

™ CLOCK " RS-282

I LEDx27 I~ 7-Segementx 8
I~ Button x4 I™ Switchx 18

r ps2 I SD CARD

I VGA rficD

I SDRAM.128MB I~ FLASH. 8MB
I SRAM. 2MB I SMA

I~ Audio r usB

I™ Ethernet | I Ethemet 2

™ TV Decoder I EJTAG

I IR Receiver I EEPROM, 32Kb

GPIO Header

10 Vottage: [33V (Default) +]
PrefxName: [
|
HSMC

10 Vottage: [25V (Defaul) ~]
PrefxName:|
e = N - —

Load Setting ‘ Generate ‘

3) Check all Components that you will be using: in this Tutorial we are using CLOCK,

LEDx27, Buttonx4, 7-Segementx8, Switchx18, and of course the LCD.

Terasic DE2-115 . & [S5=)
5 System Configuration
[NTERA, ] % 9
UNIVERSITY |kl Project Name
FODAAME
[Binary_Adder

DE2-115 FPGA Board ¥ CLOCK I RS232
: , y = ® LEDX27 ¥ 7-Segement x &

¥ Button x4 P Switchx 18

r Ps2 ™ SD CARD

I VGA F LCD

™ SDRAM, 128MB I FLASH, 8MB
™ SRAM. 2MB ™ SMA

™ Audio I~ usB

I Ethernet 1 ™ Ethemnet 2

™ TV Decoder ™ EJTAG

™ IR Receiver ™ EEPROM. 32Kb

GPIO Header

10 Voltage: ’W
PrefucName: [
HSMC

10 Voltage: ’W
PrefcName: [
Seveseting. | Bat | Mo 3

Load Setting ‘ Generate |
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4) Click Generate

5) Create a directory for your project and then click save

—
BB Save As u ot
Save in | Binary_fdder j & e -
k- Name Date modified Type
"flm! db 6/23/2011303PM  File folder
- [8)Binary_Adder.qpf 6/23/2011 301 PM QFF File
Desxtop
=
Libraries
Computer
“w
HNetwork:
|
File name: Bz —Adser o] - Save
Savesstyps:  |Ouadus Project Fle [opf) =l =1 ]l

6) To open this project open the .gpf file

7) Delete the verilog code that System Builder created then copy the code from

Binary Adder_System_Builder(is located in the codes folder)

8) At the top of the screen, select the “Play” button to begin the automatic compilation

process. Watch in the lower left screen as the compilation process occurs. This may take

several minutes.

Processing | Tools Window  Help

&

@ Stop Processing

B  Start Compilation
@ Analyze Current File
Start
Update Memory Initialization File

Compilation Report

PowerPlay Power Analyzer Tool

R @

S5M Analyzer Tool

Ctrl+5hift+C

Ctrl+

Ctrl+R

SFSU - Embedded Systems Tutorial
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9) When it has compiled, double click on “Program Device”.
a) Push the large red button on the FPGA board to turn on the power.
b) Programmer will open, and at the top left “USB Blaster” will appear. If it does
not, click on “Hardware Setup”. Select “USB Blaster” and click ok.
c) When “USB Blaster” appears next to “Hardware Setup” select “Start” and
watch the upper right corner as the design is implemented.
d) When the “Progress” bar has reach 100% you may test your design on the

FPGA board.

Tools WWindow Help =

Run EDA Simulation Tool »
Run EDA Timing Analysis Tool
Launch EDA Simulation Library Compiler

Launch Design Space Explorer
TimeQuest Timing Analyzer
Advisors »

Chip Planner {(Floorplan and Chip Editor)
Design Partition Planner

Metist Wiewers »

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

Fwig &6 G HY

SignalProbe Pins...
Programmer
ITAG Chain Debugger

Transceiver Toolkit

vERE

External Memory Interface Toolkit

LA

2

MegaWizard Flug-In Manager

Mios II Software Build Tools for Eclipse
SOPC Builder

Dsys

Td Scripts. ..

A o h‘:_

Customize. ..
Optons...

License Setup...
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7 Segment Hex Display

[Hif (!reset _n)begin

numberl = 0;

number? = 0;

rend

Helse begin

numberl = 5W;

nunber? = SW2;

gum = (numberl + number2);

Hbegin
o 0

hex4 = DISPLAYNUMBERS (number1%10);

FUAD G G 444

hex5 = DISPLAYNUMBERS (numberl/10);

/X3 XX O

hexé = DISPLAYNUMBERS (number2%10);
IO ¢ G 4.4

hex7 = DISPLAYNUMBERS (numberZ/10);

FH D+ S v ¢

hex0 = DISPLAYNUMBERS (sum%l0):
WX XM

hexl = DISPLAYNUMBERS (sum/10);

rend

rend

rend

Hfunction [7:0] DISPLAYNUMBERS;

HEXD[2]

|inp4t [3:0] wvalue;

Heegin

if (value == 0)

DISPLAYNUMBERS = 7'bl1000000;//0
else if (value = 1
DISPLAYNUMBERS = 7'b1111001;//1
else if (value 2)
DISPLAYNUMBERS = 7'b0100100;//
else if (value == 3
DISPLAYNUMBERS = 7'b0110000;//3
else if (value
DISPLAYNUMBERS =
else if (value
DISPLAYNUMBERS =
else if (value
DISPLRAYNUMBERS
else if (value
DISPLRAYNUMBERS
else if (value
DISPLRAYNUMBERS
else if (value =

DISPLAYNUMBERS = 7'b0011000;//9
rend

rendfunction

ra

assign LEDR2Z = number2;

assign HEX0 = hex0; //Links sum value to display output signal
assign HEX1
assign HEX4
assign HEXS
assign HEXéE
assign HEX7
assign HEX3 = 7'b1111111;
-assign HEX2 = 7'b1111111;
endmodule

ffLinks lst number value to display output

2nd number value to display output

SFSU - Embedded Systems Tutorial
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In this project we used four 7-segment displays to show the values of switches being
turned on in binary. In a 7- segment display a high logic level will turn off the led and a low
logic level to a segment will turn the led on. To represent an LED with a seven-bit value we use
the values zero through six. To display a zero to a segment we set the hex value to be equal to
7b°1000000. This is because a zero will have all led on but the center led (number 6 on the figure
above). The code also uses a function to simplify the task of representing a bit value to a hex
value. Since the function DISPLAYNUMBERS only has one output it seemed like a function
instead of a task. In the function we have only one input value that represents a 4 bit switch
value, this value is passed through a series of if else statements to determine the hex value. At the

end of this program we assign all appropriate values to the represented LEDs.

There is a quick example of getting the LED’s, Switches, Keys, and 7 segment Hex
Display to function properly in the link below that goes more in detail about the 7 segment

display.

http://www.youtube.com/watch?v=SNCZGqWEtlg
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16 x2LCD

=(state)
RPESETI1-

LCD_EDN
LoD RS
LD _RW
LCD_ _DATA
state =—— DROP_LCD_E:
next_conumnand <—RESET2:

exd

RESET2:

begia
LCD_ED
LoD RS
LCD R
LCOD _DATA <— S'hjs-
state =— DROP_LCD_E:
next__conumand

—=—=RESETS3:;

RESETS3:

begm
LoD EMN
LCD RS
LCD R
LCD_DATA ~—— Shﬁ E=
state =— DROP_LCD_ E:
mext command <=FUMNC_SET:;
s3ad

FUNC SET:-

ILCD_EMN =— 1%i1:
LCD_ES =— 1b0;
LCOCD_BW
LCD _DATA ~— Zh38:
state ~— DROP_TCD_E:
next command <— DISPLAY OFF:

exd

DISPLAY OFF-

LCD_ED =
LCD RS 10

ICD_ RBW <— 17h0:

ILCD_DATA =— ShOog:

state =— DROP_LCD_E:
next_command =— DISPLAY CLEAR;

1"21:

=33

DISPLAY CLEAR:

LCD_EMN =
ILCD_ES
LCD_EBW
LCD DATa

1b1:
10;
1b0;
=— SThOl;

state =— DREOP_LCD_ E:

2
2
2
2
3
3
3

default: LCD_DATA == Sh20:
sndease

end
elze if (index — display Size)
begm

snd
snd

RETURN_HOM:

end

next command <= FPrint_String:
index <= 3b0:
sxmd

E-

LCD_EN == 1b1;

LCD_ERS <= 1b0;

LCD_BW == 10

LCD _DATA == 8hi0;

state <= DROF_LCD_E:
next_copumand <= Prnt_String:

CHANGE_LINE:-

snd

DROP_LCD_E:-

HOLD:

LCD_EN <= 1Dbl:;

LCD_ES <= 1b0:

LCD_BW == 1b0;
LCD_DATA <= Bh0C0;

state <= DROF_LCD_E;
next_command <= Prnt_Strine:

LCD_EN == 1Db0;
state == HOLD;

state <= next comumand

37

next command <= DISPLAY ON;
snd

DISPLAY ON:

LCD_EN <= 1b1:

LCD_ES <= 1'b0;

LCD_RW <= 1'b0;
LCD_DATA <= 8hOoC;
state<— DROP_LCD_E:
W< MODE_SET:

MODE_SET:-

LCD_DATA <= 8ho6:
state<—= DROP_LCD_E:
- -
index <= 3b0;
end

Frint_ String-

index <= index + 1b1:
state<— DROP_LCD_E:

LCD _EN <= 1b1;

LCD_RS 1b1:

LCD_RW <= 1'b0:

hegin.
iffindex < displawSize)
bhegin

iffindex <linel)

9 LCD_DATA
10:LCD_DATA

14 LCD DATA
15-LCD_DATA

glse if{index =— linel)

<= strl5;
default- TLCD DATA <= 8h20:;

<=CHAMNGE_ LINE:

else iffindex = linel)
indesx)

sndsase
snd
sngd

function [2:0] hexConv:
input [3:0] hex;

bsgul
if (hex == 40000 /1O
hexConv=8b00110000;
glse if (hex — 4B0001)
hexConv=8b00110001;
else if (hex == 40010}/
hexConv=8b00110010;
glse if (hex — 4B0011)
hexConv=8b00110011;
glse if (hex =— 4"b0100) /4
hexConv=8b00110100;
glse if (hex =— 4B0101)/
hexConv=8b00110101;
else if (hex = 4b0110)//6
hexConv=28b00110110;
glse if (hex — 4B01117,
hexConv=8b00110111;
eglse if (hex =— 4" 1000) /8
hexConv=8b00111000;
glsg if (hex =— 4b1001)/9
hexConv=8b00111001;
snd
sndfunction

5
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{ Power on ]

I Wiait for more than 15 ms after Voo rises to 4.5 W |

| BF can not be checked before this instruction.

RE"S o Dg*"’ DDBE D‘?S D]?‘* DBz DBz DE1 DEml Function set { Interface is 8 bits long. )

I Wait for more than 4.1 ms

BF can not be checked before this instraction.

I RE-'S 1_"-’0“' DET DDBE D?S D?‘* DBs DBz DBEI DEwl Function set ( Interface is 8 bits long. )

I Wait for more than 100 s

BF can not be checked before this inseractiomn.

RS R/W DB7 DBG DES DB7 DOS DBZ BT DE0| o e o s s rons

BF can be checked after the following instractions.
When BE is not checked | the waiting time berweaen
instructions is longer than execution iNstruction tme,

BES RAV DB7 DBG DBES D4 D_Big DBz DB1 DEEG | = Funcuon set ( Interface 1s 8 bits long. Specify

[0 (5] [§] [0 1 1 E = the number of display lines and fon )
o ] (o] o [u] ] 1 [8] [¥] 0 — The number of display lines and character fone
] [a] 0 %] [8] [¥] [¥] [] [5] 1 can not be changed after this podnt.
O ] 5] O ] [5] ] 1 T3 == —— Display off
Drisplay clear
Entry mode set

I Initialization ends

B8-Bit Ineterface

To display characters to an LCD there is a series of steps that need to be done before to
initializing the LCD module. Since Verilog doesn’t read code sequentially we created a case
statement that will allow the initialization to be done in order. This is done by changing the state
of the case to the next step in every case statement. The steps performed are RESET1, RESET?2,

RESETS3, FUNCTION SET, DISPLAY OFF, DISPLAY CLEAR, RETURN HOME, CHANGE
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LINE, DROP LCD, HOLD, DISPLAY ON, and MODE SET AND PRINT STRING. These
reset needs to be done three time to because we need to initialize enable to high and register
select and read/write to low signals. These steps are also done to communicate with the LCD to
determine if it will be an 8 or 4 bit data bus, this is done by setting the data bus equal to the hex
value eight(8’h38). Before we can write to the screen we need to clear the LCD display, this is
done by changing the data bus equal to 8’h01 (Start of heading). Finally when we need to display
the screen we set enable and read/write to high and reset to low, this is done because this allows
us to write data to the LCD. In the print string case statement we added an else if (index ==linel)

because without this the LCD wouldn’t know when the next line begin or the first line starts.
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Chapter 3: Hardware and Software Co-
design Flow

3.1 Introduction to Nios II Soft-Core Processor

1) Introduction to the Altera Nios Il Soft Processor:
<system cd>\DE2_115 tutorials\tut_nios2_introduction.pdf

« focus: All of the information in this resource is needed for creating systems and
should be read carefully, as familiarity will greatly help students in avoiding time consuming
mistakes.

Nios Il is an embedded processor architecture designed specifically for Altera’s FPGA boards.
An example of a Nios Il processor system could be found on page 11 from Altera’s Nios 11
Processor Reference Handbook. When implementing your board there is three different types
of CPU’s to choose from which are the NIOS Il/fast, NIOS Il/standard, and NIOS Il/economy.
The main differences between the CPU’s are the balance between performance and cost.

Figure 1-1. Example of a Nios Il Processor System

JTAG connection
to software debugger

¢ Reset
¢ Clock

JTAG
— Debug Module

| Nios Il

Data —> ’:—P TXD
— UART RXD
Processor Core Inst.
.
SDRAM 1

Memory
— SDRAM
| Controller
) ; LCD
4—»{ LCD Display Driver }1- G ‘
On-Chip ROM
Flash Q—b{ General-Purpose /0 }d-—b{ ng?::é
Memory , etc.
Tristate bridge to Ethernet
]"" off-chip memory ¢=%| FEthemetinterface =1 viacipHY

SRAM
—> CompactFlash Compact
[Feriay ‘ Interface ‘* Flash ‘

System Interconnect Fabric

NOTE: This figure taken from Altera’s Nios II Processor Reference Handbook:
http://www.altera.com/literature/hb/nios2/n2cpu_niiSv1.pdf page 11
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Figure 2-1. Nios Il Processor Core Block Diagram

Nios Il Processor Core
General L Tightly Coupled
reset Program Purpose - Instruction Memory
clock Contstollar Registers
P —————_
wﬁb Address Control Instruction .
cpu_resettaken = 5 Cach
e «g-tRY_resetiaken J Generation Registers ache B Tightly Coupled
interface JTAG - Shadow Instruction Memory
to software Debug Module Exception Register
debugger Controller Sets [ |nstruction Bus
Internal
w.. Contml\rer
Instruction M
. Regions emory
eic_port_data[44..0] External Mar
> p Unit
eic_port_valid Controller Memory
Interface Protection
Unit Translation
e
Data Buffer
Regions [— Data Bus
Tightly Coupled
CITJ%DTH Custom T IIZ)gat::yM:nligry
si — I"S'""C_tlcn Arithmetic Data
ignals Logic - .
Logic Unit Cache .
.
PR Tightly Coupled
Data Memory
Key Required Optional
Module Module

NOTE: This figure taken from Altera’s Nios II Processor Reference Handbook:
http://www.altera.com/literature/hb/nios2/n2cpu_nii5v1.pdf page 18

2) Nios Il Hardware Development:
http://www.altera.com/literature/tt/tt_nios2_hardware_tutorial.pdf
»  focus: This resource is an excellent overview of the basic requirements to creating
a system using QSys in Quartus I, instantiating the design in the project files,
implementation, and then creating the necessary software.
3) Nios Il Processor Reference: http://www.altera.com/literature/hb/nios2/n2cpu_nii5v1.pdf
* NOTE: This resource has a lot of detailed information which is not necessary to
complete most projects, but it is good to be familiar with document in the case of
troubleshooting.
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3.2 Co-design Flow

Nios Il System Development Flow

Analyze system
requirements

s SR
. S
R . Custom
Q QUARTUS'II etLetion
Nios Il and
cores > Define and generate ¢ custom
and system in Qsys peripheral
standard logic
peripherals ~
.. ——
Sys €cC I ' p S€ Altera
(L hardware
abstraction
Custom I Integrate Qsys system %ﬁ‘éer'\?igssﬁﬁg"oﬁ;‘;gh ¢ l:ﬁ"
fﬁg‘é‘a’l""erse into Quartus Il project Build Tools for Eclipse peripheral
drivers
— l .
s
I fopeetiee e Assign pin locations e
P wo AR timir?g rpequirements' tD?\lvynlcilad s?ftware ;axeCLtthbled User C/C++
Poxs Dot WM and other design constraints o e thayemen argetpoar application
X il code and
o o custom
95 Weetd 21 libraries
s LSRR

Compile hardware design
for target board

Run and debug software
on target board

'

l

Download FPGA design
to target board

Refine software
and hardware

Figure 1-2 shows the Nios II system development flow between hardware and software. This flow
consists of three types of development: hardware design steps, software design steps, and system design

steps.

NOTE: This figure taken from Altera’s Nios Il Hardware Development Tutorial:
http://www.altera.com/literature/tt/tt nios2 hardware tutorial.pdf
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3.3 Overview of System Integration Software SOPC Builder and Q Sys

Figure 1-1. Nios Il Hardware and Software Development Flows

Hardware System Hardware System
Generated Generated
in SOPC Builder in Qsys

Bal_a
e

Y 4

. Software Project
Software Project Created

Created in Ni
in Nios Il SBT
in Nios Il IDE (Eclipse or Command Line)

NOTE: This diagram was taken from Altera’s Nios II Software Developer’s Handbook,
http://www.altera.com/literature/hb/nios2/n2sw_nii5v2.pdf

System Integration Software

This software allows the designer to marry hardware and software. In order to use the Nios Il
soft-core processor, a system must be designed using either SOPC builder or QSys (both are
accessed from Quartus I1-> Menu -> Tools). QSys is a newer version of SOPC builder and it is
encouraged that students begin with QSys. This development tool primarily generates

the .sopcinfo file which is used in Nios Il SBT for Eclipse to create the software project to run on
top of the FPGA design, utilizing the Nios Il soft-core processor.

After creating a system to suit the students’ project needs, “Generation” (synonymous to
“Compilation”) automatically creates the necessary hardware files for low-level abstraction. A
main niosll module is created in this process, which is instantiated from the top-level hardware
file. This process is described as System Integration

Although much of the reading presented here applies to SOPC Builder, the information applies
also to QSys and an effort should be made to use QSys in place of SOPC Builder.

1) Introduction to the Altera SOPC Builder:
<system cd>\DE2_115 tutorials\tut_sopc_introduction_verilog.pdf
2) QSys System Design: http://www.altera.com/literature/tt/tt_gsys_intro.pdf
«  QSys main reference page: http://www.altera.com/products/software/quartus-
ii/subscription-edition/qsys/qts-gqsys.htmI?GSA_pos=10&WT.0ss_r=1&WT.0ss=qSys
3) SOPC Builder User Guide: http://www.altera.com/literature/ug/ug_sopc_builder.pdf
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3.4 Introduction to Nios II SBT for Eclipse

Eclipse allows the user to use the software that was executed by a Nios Il processor-
based system in an FPGA. The user can configure the FPGA on the development board with
the pre-generated Nios Il standard hardware system by downloading the FPGA configuration
file to the board.

1) Nios II Software Developer’s Handbook:
http://www.altera.com/literature/hb/nios2/n2sw_nii5v2.pdf
NOTE: Link is placed here for reference, but is not necessary for review in this stage.

Binary Adder Tutorial Using Nios II

A link to the video describing the Binary Adder Tutorial:

http://www.youtube.com/watch?v=bKA3mNYTI2g

http://www.youtube.com/watch?v=bM4uHgq9hImQ

The major steps were:
1) Create hardware system in system builder
2) Build new system in QSys system
3) Instantiate the Nios Il module in top level entity
4) Add IP variation file
5) Adjust .sdc
6) Place design on FPGA
7) Develop Software in Nios 1l SBT for Eclipse.

Hardware:

e Clock
Red LEDs
Switches
7 segment Hex
LCD
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NIOS Il Binary Adder

Step 1: System Builder
1) Open DE2 115 tools->DE2_115 system_builder to find DE2_115 SystemBuilder.exe
2) Name the project under Project Name: Binary_Adder_Nios

DE2-115

& System Configuration
ATERA, o (R
UNIVERSITY [k Project Name:

[Binary_Adder

DE2-115 FPGA Board I CLOCK I RS-282
- . g == £ I LEDX27 I~ 7-Segementx 8

™ Buttonx 4 ™ Switchx 18

r ps2 I SDCARD |
™~ VGA " {LCD:
I~ SDRAM.128MB I~ FLASH. 8MB
" SRAM. 2MB ™ SMA
™ Audio r useB
I Ethernet 1  Ethemet2
™ TV Decoder I EJTAG
I IR Recaiver I EEPROM, 32Kb
GPIO Header
10 Voltage: 33V (Default) |
\ Prefix Name: ﬁ
None -
HSMC
26V (Defaul)
Loadseting.. | Generate ||| e (Defautt)
Prefix Name:
smeseting.. | [ Bt || 3

3) Check all Components that you will be using: in this Tutorial we are using CLOCK,
LEDx27, 7-Segementx8, Switchx18, and of course the LCD.

TR System Configuration
Gnivensrry [dasie] Project Name
NI RS !

[Binary_Adder

DE2-115 FPGA Board ¥ CLOCK I RS-282

- . g U UT' 4 || PLEDX27 ¥ 7-Segementx 8
b ¥ Buttonx 4 ¥ Switchx 18

r ps2 I SDCARD

I VGA ¥ LCD

™ SDRAM, 128MB I FLASH, 8MB

™ SRAM. 2MB I SMA

™ Audio r use

I Ethemnet 1 I™ Ethemet 2

™ TV Decoder ™ EJTAG

I IR Recsiver I~ EEPROM, 32Kb

GPIO Header

10 Vottage: [33V (Defaul) =]
PrefName: [
None -
HSMC

10 Voltage: |25 V (Default) -
Prefix Name: ’7
Save Setting. [ Tl ’ﬁ

Load Setting ‘ Generate |

4) Click Generate
5) Create a directory for your project and then click save

E§ Save As _-! Q

Savein: | ) Binery_sdder x| = Ee -
B Name = Date modified Type
- | db 6/23/2011 303 PM  File folder
oot Pt N Binary. Adderqpf 6/23/2011 301 PM  QPF File
Desctop
=l
Libraries
L
Computer
‘?‘h
|
il ¥ |
i Fils name: [Eren ace o] =] Save
Savesstype:  [Quartus Project File o) =] Concel | |

6) To open this project oBen the .qpf file
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Step 2: Building Qsys System

1) Open Qsys under tools tab
2) Start by adding a Nios II Processor Core: Under “Component Library”-> Processors ->
Nios Il Processor -> Add
a. Select “Nios II/s”
b. Set “Hardware multiplication type” = “None”
c. Disable “Hardware divide”
d. “Finish”
e. Rename Nios to “cpu”
3) On-Chip Memory: Under “Component Library”-> Memories and Memory Controllers ->
On-Chip -> On-Chip Memory (RAM or ROM)-> Click “Add”
Block Type list = “Auto”
Total Memory size = “204800” to specify 2KB of memory
Do not change any other default settings.
“Finish”
Under the “System Contents” tab, right-click the on-chip memory and rename as
“onchip_mem”
4) JTAG UART: Component Library -> Interface Protocols -> Serial -> JTAG UART ->
Add
a. Do not change any default settings
b. Rename to “jtag uart”
5) Interval Timer: Component Library -> Peripherals -> Microcontroller Peripherals ->
Interval Timer-> Add
a. Under “Hardware Options” set “Presets” to “Full-Featured”
b. Do not change any other default settings
c. Rename to “sys clk timer”
6) System ID Peripheral: Component Library-> Peripherals -> Debug and Performance ->
System ID Peripheral-> Add
a. Do not change any default settings
b. Rename as “sysid”
7) PIO’s: Component Library-> Peripherals -> Microcontroller Peripherals -> P10 -> Add
Under “Basic Settings” enter the value of “4” for the box labeled “Width”
Do not change any other default settings
Finish
Rename as “pio_led”
For this example us two “pio_led”
Repeat these steps for two “pio_sw” with 4 bits of width and change to input.
Repeat these steps for pio_hex0 through 7 with widths of 7 bits.
8) LCD: Component Library-> Peripherals -> Display-> Character LCD -> Add
a. Finish
9) Go to the “Connections” column and connect the following ports: (Figure Below)
a. For all the components connect the clock input and outputs to clock_50
b. For all the components connect the Avalon memory mapped slave to the On-chip
memory AMMS.
c. Open the Nios Il processor named CPU and change the reset vector and
exception vectors to onchip_memory?2

®o0 oW

@rooo0o
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10) Go to the “Export” column and connect the following ports:
a. Click on “click to export” on the external connection row to activate connection
for all of the led’s, switches and 7 segment display.
b. Click on “click to export” on the external row for the LCD
11) Under Generation click generate
a. Save as “Nios”
b. Once generation is complete coping code from HDL example

Use  Connections Name Description Export Clock Base End IRQ
@] E clk_0 Clock Source
@l (m clk_in Clock Input clk
e o——/(— clk_in_reset Reset Input reset
— clk Clock Output clk_0 : y
— clk_reset Reset Output ASSlgn Base
¥ B onchip_memory2 =Lhi ory (RAM or ROM) Clock Input Addresses
clk1 Clock Input clk_0
s1 Avalon MMS [ck1] 0x00040000 |0x00071££5 I
- i reset1 Reset Input [clk1]
[¥] B cpu Nios Il Processor Reset Input
clk Clock Input clk_0
— reset_n Reset Input [clk]
data_master Avalon Memory Mapped Master [clk] IRQ O I IRQ 31—
instruction_master Avalon Memory Mapped Master [clk]
— jtag_debug_module_re...|Reset Output [clk]
jtag_debug_module Avalon Memory Mapped Slave [clk] 0x00080800 |0x00080££E I
*— custom_instruction_m... |Custom Instruction Master
7} B jtag_uart JTAG UART
q clk Clock Input clk_0 4
ﬁ — reset Reset Input [cik] U
avalon_jtag_slave Avalon Memory Mapped Slave [clk] 0x000810£0 |0x000810£7 >-—‘fJ]
¥ B led Character LCD
ol clk Clock Input D clk_0
LAl o . Reset Input External Connections |y
I%( control_slave Avalon Memory Mapped Slave [clk] 0x00081020 |0x0008102% I
O—=CH external Conduit Endpoint [ch_external I
\ﬂ B sys_clk_timer Interval Timer
IE1 clk Clock Input clk_0
reset Reset Input [clk] 1
s1 Avalon Memory Mapped Slave [clk] 0x00081000 |0x0008101% >—‘E|
) B sysid_gsys System ID Peripheral
IE‘ clk Clock Input clk_0
reset Reset Input [clk]
control_slave Avalon Memory Mapped Slave [clk] I 0x000810f8 |(0x000810££ I
7] E pio_led PIO (Parallel VO)
[ ck Clock Input clk_0
—Oo— reset Reset Input [clk]
s1 Avalon Memory Mapped Slave Lcik] 0x00081030 |0x0008103%
O—=CH external_connection Conduit Endpoint I pio_led_external_connec...
7| B pio_led2 PIO (Parallel VO)
clk Clock Input clk_0
reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk] 0x000810e0 (0x000810ef
O—CH external_connection Conduit Endpoint r pio_led2_external_conne..
7| B pio_sw PIO (Parallel VO)
o clk Clock Input clk_0
reset Reset Input [clk]
s1 Avalon Memory Mapped Slave [clk] 0x000810d0 |0x000810d£
O-CH external_connection Conduit Endpoint I pio_sw_external_connec...|
¥ B pio_sw2 PIO (Parallel VO)
s clk Clock Input clk_0
reset Reset Input [clk]
s1 Avalon Memorv Mapped Slave [clkl nxuunamauioxmm

Step 2: Quartus HDL Connections

1) Add IP Variation File: Menu bar: Assignments -> Settings
a. Under “Category” -> “Files” -> (...) Browse -> Choose script files for type to
find(*.tcl, *.sdc, *.qip)
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b. Locate and choose the file nios2/synthesis/
c. Add to project, click okay and close

nios.qip

2) Copy code under structural coding in Quartus (Code located in the Codes folder under

Binary_Adder_Quartus)
a. Notice LCD _BLON issetto 1'bl;
b. Notice LCD ONissetto 1'b1;

c. Notice all connections in parenthesis
it
/{ REG/WIRE declarations
i
/ Turns on LCD
i

£

Structural coding

assign LCD BLCON= 1'bl;
assign LCD ON= 1'bl;

Turns of HEX 2 and 3

assign HEXZ=
assign HEX3=

T'b1111111;

T'B1111111; SW's and LE

= Nio ul |
.clk_clk (CLOCE_50),
.IeSet_reset n (1'b1),

.plio_hex7 external connection export
.plo_hex6_ external connection_export
.plo_hexS_external connection exXport
.pioc_hex4 external connection export
//.pio_hex3 external connection_ export

.pioc _hexl external connection export
.pioc_hex0 external connection export
.plo_sw2 external connection export
.plo_sw_external connection export
.pioc_led2 external connection export
.plio_led external connection export
«lod _external E

(HEX1), // pig

«lcd external data (LCD:DRIAJ,
.lcd external RS (LCD RS},
.lcd external RW (LCD_EW)

Vi

4 bit values from right

(HEXT), // pio I

//.pio_hex2 external connection_export (HEX2), // pj

4 bit values from left
SW's and LED's

D's

//clk.clk
// reset.reset n

ternal connection.export
I gxternal connection.export

bRxZ external connection.export
external connection.export
external connection.export
Wl external connection.export
#sw_external connection.export
#/pio_led2? external connection.export
f/pio_led external connection.export
/{lcd_external.E
//.data
//.RS
ff.RW

3) Compile and Run
a. Compile and Run
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Step 3: Develop the Software for Nios 11 SBT for Eclipse

1) This step relies on the .sopcinfo file created when generating the Qsys system

2) Open Nios Il SBT for Eclipse

a) Indicate workspace as your project directory, and create a new file called
“Software” and click “Okay”
b) Set perspective to Nios II: Menu -> Window -> Open Perspective -> Other ->

Nios Il

c) Menu -> File -> New -> Nios Il Application and BSP from Template

B

Edit Source Refactor Mavigate Search Project Run MiosIl Window Help

——
= Mios I - dsaf/hello_world.c - Eclipse
MNew
Open File...
Close
*' Close Al
2] save
[.;‘—‘:l Save As...

Alt+Shift+M » @ Mios I Application and BSP from Template
4 Mios Il Application
CtrleW @ Mios I Board Support Package
Ctreshiftsw | NiosHLibrary
% Project..
Ctrl+5
% Other..

Ctrl+N

i) Under “Target Hardware Information” select file
<directory>\nios.sopcinfo

i) Under “Application Project” type “Binary Adder” as “Project Name’

b

iii) Under “Project Template” select “helloWorld”

iVl_Click “Finish”

B S|

} = Nios Il Application and BSP from Template

Nios Il Software Examples

Please specify a sopcinfo file

Terget hardware information

SOPC Information File name:

Application project

Project name:

Use default location

Project location:

Project template

Templates

Blank Project
Board Diagnostics
Count Binary

Hello Freestanding
Hello MicroC/0S-I

Hello World Small
Memory Test

Memory Test Small

Simple Socket Server

Simple Socket Server (RGMI)
Web Server

Web Server (RGMI)

@

Template description
Hello Werld prints 'Hello from Nies I to STDOUT.

This example runs with or without the MicroC/0S-1 RTOS
and requires an STDOUT device in your system's hardware.

For details, click Finish to create the project and refer to the

readme.bd file in the project directory.

The BSP for this template is based on the Altera HAL
operating system.

For infermation about how this software example relates to

< Back Next > Finish

i

3) Include C++ code (Code located in the Codes folder under Bi‘nary_Adder_Niosz)
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L€l *hello_world.c &3

#include <stdio.h>
#inclunde <stdlib.h>
#include "system.h™

#include "altera avalon pic regs.h™

T woid lod display(int a, int b):
int main ()
1

int walue,valuez:

static alt us® segmencs[16] = {

¥z

while (1) {
walue= TORD ALTERA AVALCON FPIC DATA (PIC_SW_BASE) ;
wvalue2= IORD_ ALTERA AVALON_ PIC_DATA (PIO_SW2_BASE)
ICWR_ALTERA AVALCON PIC DATAH (FIC LED BASE,wvalus) ;
TOWR_ ALTERA AVALON PICO DATA(PIOC LED2 BASE, valuel)

locd display(valueZ,values) »

>

retorn 07

¥

woid led display (int a, int b){
FILE =pLCD:
char text[32]:

sprintf (cexc, "

pPLCD = fopen (LCD MNAME, "w™) ;
if (pLCD) {
fwrite (text, 32, 1, pLCD)
folose (PLCD) -
relsed
printf("Failed to Displaw™n™)
*

4) Build project
5) Run as Hardware
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IOWE_ALTEERR AVALON PIC DATAR (PLIO_HEXGE BLSE,
TOWR_ALTERA AVATLON PIC DATA (PIOC HEXNT BASE,

TOWR_ALTERA AVATLCON PIC DATA (PIC HEXN4 BASE,
IOWE_ALTEERR AVALON PIC DATAR (PLIO_HEXS BLSE,

IOWE_ALTEERR AVALON PIC DATAR (PIO_HEXD BLSE,
TOWR_ALTERA AVATLCON PIC DATA(PIOC HEXNI1 BASE,

50

;= B—F

OxCO, OxF9, Oxi4, OxS0,0x299, 0x92, 0x82, OxF2, Ox80, 0x90, S oo—m =y
ox8s8, OxS83, O=xcé6, Oxal, Ox86, OxSe

segments[value3lo]) :

segments [value,1071)

segments [value2T10]1)
segments [value2,/101)

segments[ (value+value2) 2101 )
segmencs[ (value+wvalus2) S101)

W

wow

o

PB,axb) s
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Chapter 4 : Video Generation for Text
Display on T-Pad

Introduction

In this chapter, the ALU will be displayed on T-Pad. Switches perform different operation of the ALU.
With switches, different numbers can be displayed and also their ALU operations can be performed.

Hardware

SDRAM
100MHZ(-55 DEG PHASE SHIFT) SDRAM CLOCK
SWITCHES,
ALTPLL U ITAG SDRAM ndtEr
UART CONTROLLER SGDMA Display
S0HZ
1DOMHZ
MAIN BUS
40HL
Character Buffer
= VIDEO PIPELINE = DUALCLOCK 5| VoALCD -
DMA ! “l FiFo ‘| CONTROLLER 7

The T-Pad features an 8-inch Amorphous-TFT-LCD panel. The LCD Screen module offers resolution of
(800x600) to provide users the best display quality for developing applications. The LCD panel supports
18-bit parallel RGB data interface.

The hardware is implemented using Altera IP cores on SOPC builder. A phase locked loop (Alt PLL) has
been used to generate the required clocking for the whole system. In this system a 100Mhz clock for the
Nios-1l/f have been used, another 100Mhz with -65 phase shift is used to clock the SDRAM in addition to
the required 40Mhz clock for the VGA controller. The figure above shows the block diagram of the
hardware that is implemented in the SOPC builder.
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Video Pipeline

A Scatter Gather DMA is used to connect to the VGA Controller as shown in the figure below. A
summary of how video is fed to the VGA Controller is given in the paragraph below.

SGDMA —.‘| Timing Adapter —* FIFO [_l' RGB Converter —* VGA SINK
I

The Scatter Gather DMA is used for high speed data transfer between two components. It is used to
transfer and merge noncontiguous memory to continuous address space and vice versa. It works in three
modes.

1. Memory to Memory
2. Memory to Data Stream
3. Data Stream to Memory

In this chapter, the SGDMA is used to transfer data from SDRAM to the VGA Stream. So that is option 2
from the above. A timing adapter is used to adjust the timing between the two different streams of data.
In short, it is used to connect two components that require different number of cycles to receive or send
data. A FIFO is a First In First Out queue. It is a dual clock FIFO that is used to match the system clock to
the VGA clock to normalize the flow of pixels to the VGA sink.

A RGB converter is required to convert the RGB format from BGRO to BGR.
The VGA Controller requires 18 bit parallel RGB interface. To make the format coming from memory
(24bit RGB) compatible with the VGA sink that is connected to the tPad, we insert RGB Converter. All
these components contribute to generate a video pipeline which enables us to display a video on the tPad.

Software

The LCD screen is initialized and a blank screen can be seen. Switches are toggled to change the number
values and their operation, the result is displayed on the LCD Screen and updated every time switch is
toggled.
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START

[ Initialize LCD Display ]

¥

—>[ Display Home Screen }

Switch
Toggle?

Yes

Display respective values
and ALU operation on LCD

Step by Step ALU on T-Pad Tutorial

Hardware Setup

Step 1 : System Setup by using System Builder

Open System Builder, select Clock, LED, VGA and switches as shown in figure below.

System Confgueation
Project Name

Lood

R

A“[] ..‘ A
T AT

Seting I Gonerate |

g ’ Dt

SFSU - Embedded Systems Tutorial

‘(5 &VA‘ ‘)‘H»«r

10 Veltnge (261
Fredx Niwew i

L1C LOD T o

VEamerns

DE2-115 FPGA Board 9 CLOCH RS-232
. = P LEDx27 T TSequment x 8
I Buttonx 4 ¥ Swichx 18
r 2 " SDCARD
¥ VGA - LCD
I SORAM, 128MB FLASH SMB
SHAM 28 SMA
T Ao * Uss
™ Efrt | I Eharat 2
TV Docoder EJTAG
. IR Recotew " EEPROM. 32¢b
el GPIO Header
M‘ ] ARRES ' 10 Voltage 33V (Dotaun) *
L Profy Noere ]
Norw .
HEMOC

Owtat)
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Select HSMC Source as LTC — 8” LCD/Touch Camera as shown below.

System Condguration

Fregact Name
"\,41 M _asplay
¥ CLOCx
“ LEDx27
Butson x4 ¥ Switchx 18
P2 SO CARD
¥ VGA ™ LCD
I SDRAM. 126MB FLASH GMB
SRAM 2MB MA
Ao ¢
r Efret | Efhamrat 2
TV Decoder EJTAG
IR Recatee EEPROM 32Kb
GO Header
0 Veltage: 13 3V (Dedaut)
Fredw Norew |
Norw
HEME
10 Vettage |2

Prote Nirre |

N |

- Select a project name, for this example we are using “tpad_alu_display” as our project name Click on

Generate and open the folder containing these files.

-> Open the folder where the project files are saved and open tpad_alu_display.qpf file. This file will be
opened in quartus Il.

Step 2: Quartus Il - Hardware Setup

-In Quartus Il, the Verilog code will look like this (in blue):

/!

// This code is generated by Terasic System Builder

/!

module tpad_alu_display(

T ceock /11T

CLOCK_50,

CLOCK2_50,

CLOCK3_50,

T eD 11T

LEDG,

LEDR,

T Sw 11T
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Sw,

T NGA T
VGA_B,

VGA_BLANK_N,

VGA_CLK,

VGA_G,

VGA_HS,

VGA_R,

VGA_SYNC_N,

VGA_VS,

[T 12C for HSMC //1111111]
12C_SCLK,

12C_SDAT,

//1/11111/// HSMC, HSMC connect to LTC - 8" LCD/Touch/Camera //////////
CAMERA_D,
CAMERA_FVAL,
CAMERA_LVAL,
CAMERA_PIXCLK,
CAMERA_RESET_N,
CAMERA_SCLK,
CAMERA_SDATA,
CAMERA_STROBE,
CAMERA_TRIGGER,
CAMERA_XCLKIN,

LCD_B,

LCD_DEN,

LCD_DIM,

LCD_G,

LCD_NCLK,

LCD_R,

TOUCH_BUSY,
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TOUCH_CS_N,

TOUCH_DCLK,

TOUCH_DIN,

TOUCH_DOUT,

TOUCH_PENIRQ_N

);
1/

// PARAMETER declarations

/!

17

// PORT declarations

17

111111111111 ceock /11111111

input CLOCK_50;
input CLOCK2_50;
input CLOCK3_50;

11111111111 CeD 111111111

output [8:0] LEDG;

output [17:0] LEDR;

I SW 11111111

input [17:0] SW;

I NGA T

output [7:0] VGA_B;

output VGA_BLANK_N;
output VGA_CLK;
output [7:0] VGA_G;

output VGA_HS;
output [7:0] VGA_R;

output VGA_SYNC_N;
output VGA_VS;
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[11111111112C for HSMC /11111111
output 12C_SCLK;
inout 12C_SDAT;

///11/111/// HSMC, HSMC connect to LTC - 8" LCD/Touch/Camera //////]/]//

input [11:0] CAMERA_D;

input CAMERA_FVAL;
input CAMERA_LVAL;
input CAMERA_PIXCLK;
output CAMERA_RESET_N;
output CAMERA_SCLK;
inout CAMERA_SDATA;
input CAMERA_STROBE;
output CAMERA_TRIGGER;
output CAMERA_XCLKIN;
output [5:0] LCD_B;

output LCD_DEN;

output LCD_DIM;

output [5:0] LCD_G;

output LCD_NCLK;

output [5:0] LCD_R;

input TOUCH_BUSY;
output TOUCH_CS_N;
output TOUCH_DCLK;
output TOUCH_DIN;

input TOUCH_DOUT;
input TOUCH_PENIRQ_N;
/!

// REG/WIRE declarations

/!

/!

// Structural coding
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/!

Endmodule

Step 3: SOPC Builder Hardware Setup
Open SOPC Builder Window and add:

->CPU

-0n — Chip memory

—> Character Buffer with DMA

-> Pixel Buffer

- Pixel Buffer with DMA

- Pixel RGB Resampler

—> Pixel Scaler

- Video Clipper

- Alpha Blender

—>Dual Clock FIFO

- VGA Controller

->JTAG UART

->SYSID

—>Touch Panel SPI

—>Touch Panel penirg

—>Touch Panel Busy

> Altpll_0

Step 3a: Go to the “Connections” column and connect the following ports:

c. For all the components connect the clock input and outputs to clock 50

d. For all the components connect the Avalon memory mapped slave to the On-chip
memory AMMS.

e. Open the Nios Il processor named CPU and change the reset vector and
exception vectors to onchip_memory2
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Step 3b: For assignment of base addresses in SOPC Builder:

—>Click on “Auto assign base addresses” on the main menu bar and “Auto assign IRQ’s” as
shown in figure below:

4 Altera SOPC Builder - nios_simple.sopc* (C:\Users\NECRL\Desktop'version_1.5\nios_simple.sopc)

File Edit Module

m| View Tools Nios Il Help

System Contents Auto-Assign Base Addresses
Component Libra Auto-Assign IRQs $Nﬂmg&;
Project nsert jon-ST Adapters Nama‘ Source
ey componens ] o external
emories and Memory Controller: clk_t altpll.cO
SD Card clk_pixel altpil.c1
Terasic Technologies Inc. clk svs Altnll.c?
Library
#-Avalon Verification Suite Use  Connections Module Name Description Clock
- Bridges and Adapters B cpu Nios | Processor
Interface Protocols instruction_master \Avalon Memory Mapped Master clk_sys
Legacy Components —_——————— data_master \Avalon Memory Mapped Master
t-Memories and Memory Controller: ftag_debug_module \Avalon Memory Mapped Slave
E-Peripherals B jtag_uart UTAG UART
Debug and Performancs avalon_ftag_slave \Awalon Memory Mapped Slave clk_sys
Display = altpll |Avalon ALTPLL
+ FPGA Peripherals pll_slave \Awalon Memory Mapped Slave clk_ext
[=+-Microcontroller Peripherals B sysid System D Peripheral
Interval Timer control_slave \Awalon Memory Mapped Slave clk_sys
PO (Parallel U0) sdram SDRAM Controller
Multiprocessor C i 31 \Awalon Memory Mapped Slave clk_sys
-PLL O tri_state_bridge_flash  |Avalon-hM Tristate Bridge
~Processor Additions avalon_slave \Avalon Memory Mapped Slave clk_sys
-Processors — tristate_master \Avalon Memory Mapped Tristate Master
~5LS B cfi_flash Flash Wemory Interface (CF1)
~Video and Image Processing 51 \Avalon Memory Mapped Tristate Slave clk_sys
B sram [TERASIC_SRAM
avalon_slave \Avalon Memory Mapped Slave clk_sys
3 descriptor_mem On-Chip Memory (RAM or ROM)
81 \Avalon Memory Mapped Slave clk_sys
( B sgdma_pixel Scatter-Gather DMA. Controller
k csr \Avalon Memory Mapped Slave clk_sys
descriptor_read \Avalon Memory Mapped Master
—_— descriptor_write \Awalon Memory Mapped Master
_— m_read \Awalon Memory Mapped Master
: out \Avalon Streaming Source
B timing_adapter \Avalon-ST Timing Adapter
in \Avalon Streaming Sink clk_sys
: out \Avalon Streaming Source
3 fifo On-Chip FIFO Memory
e +| v in \Avalon Streaming Sink clk_sys
in_csr \Avalon Memory Mapped Slave clk_sys
- . P - .

The complete SOPC Builder system is shown below:
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Use  Connections

Name

B CPu
instruction_master
data_master

itag_debug_module
Onchip_Memory

o

s1
Char_Buffer_with_D...
avalen_char_control_...
avalen_char_buffer_s...
avalen_char_source
Pixel_Buffer

o

o

avaloen_sram_slave
Pixel_Buffer_DMA
avalen_pixel_dma_ma...

m

HVHII_UHCRG LU0
E VGA_Controller
avalon_vga_sink
= swi
s1
= swz
s1
B sw3
_— s1
= sw4
e — s1
B jtag_uart
R avalon_itag_slave
B sysid
R control_slave
B touch_panel_spi
—_——— spi_control_port
=
e — s1
El touch_panel_busy
_— s1
B altpll_0
——— pll_slave

avalon_contro|_slave
avalon_pixel_source
Pixel_RGB_Resampler
avalon_rgb_sink
avalon_rgb_source
Pixel_Scaler
avalen_scaler_sink
avalen_scaler_source
video_clipper
avalon_clipper_sink
avalon_clipper_source
B Alpha_Blender
avalon_foreground_sink|
avalon_background_si
avalon_blended_source
B Dual_Clock_FIFO
avalon_dc_buffer_sink
avalon_dc_buffer_so
E VGA_Controller

m

m

o

Description

Nios Il Processor

(Avalon Memory Mapped Master
(Avalon Memory Mapped Master
(Avalon Memory Mapped Slave
On-Chip Memory (RANM or ROM)
Avalon Memory Mapped Slave
Character Buffer for VGA Display
Avalon Memory Mapped Slave
Avalon Memory Mapped Slave
Avalon Streaming Source
SRAM/SSRAM Controller
Avalon Memory Mapped Slave
Fixel Buffer DMA Controller
Avalon Memory Mapped Master
Avalon Memory Mapped Slave
Avalon Streaming Source

RGB Resampler

Avalon Streaming Sink

Avalon Streaming Source
Scaler

Avalon Streaming Sink

Avalon Streaming Source
Clipper

Avalon Streaming Sink

Avalon Streaming Source
Alpha Blender

Avalon Streaming Sink

Avalon Streaming Sink

Avalon Streaming Source
Duak-Clock FIFO

Avalon Streaming Sink

Avalon Streaming Source
WVGA Controller

LAV SUSETINY SR

Dual-Clock FIFO

avalon_dc_buffer_so... |Avalon Streaming Source

'VGA Controlier
|Avalon Streaming Sink

PIO (Farallel O}

\Avalon Memory Mapped Slave
PIO (Farallel O}

\Avalon Memery Mapped Slave
PIO (Parallel O}

\&valon Memery Mapped Slave
PIO (Parallel O}

\Avalon Memery Mapped Slave
WTAG UART

\Avalon Memory Mapped Slave
System ID Peripheral

\Avalon Memory Mapped Slave
SPI (3 Wire Serial)

\&valon Memery Mapped Slave

avalon_blended_source |Avalon Streaming Source
El Dual_Clock_FIFO
avalon_dc_buffer_sink |Avalon Streaming Sink

touch_panel_penirg_n |PIO (Parallel O}

\Avalon Memery Mapped Slave
PIO (Parallel O}
\&valon Memery Mapped Slave
|Avalon ALTPLL
|Avalon Memory Mapped Slave

Clock Base End

[ci]
altpll_sys

[cik]
altpll_sys
[clock_reset]
altpll_sys
[clock_reset]
[clock_reset]
[clock_reset]
altpll_sys
[clock_reset]
altpll_sys
[clock_reset]
[clock_reset]
[clock_reset]
altpll_sys
[clock_reset]
[clock_reset]
altpll_sys
[clock_reset]
[clock_reset]
altpll_sys
[clock_reset]
[clock_reset]
altpll_sys
[clock_reset]
[clock_reset]

altpll_sys
altpll_pclk
[clock_reset]

e
[clock_reset]
laltpll_sys
laltpll_peik
[clock_reset]
laltpll_pcik
[clk]
laltpll_sys
[clk]
altpll_sys
[clk]
laltpll_sys
[clk]

lclk_50

[clk]
laltpll_sys
[clk]
altpll_sys
[clk]
laltpll_io
[clk]
laltpll_io
[clk]
laltpll_io
[inclk_interfa
clk_50

IRQ O IRG 31
0x00100800 |0x00100f£E

0x000c0000 [0x000£1£EE

0x00101860 (0x00101887
0x00101000 [0x001017£E

0x00000000

0x00101800 [0x0010180%

0x00101810 (0x00101815

0x00101820 (0x0010182F

0x00101830 (0x0010153%

0x00101850 (0x0010185E

0x00101868 [0x00101865

0x00101870 (0x00101877

0x00080000 (0x000E001E

0x00080020 (0x000E002F

0x00080030 (0x000E003E

0x00080040 [0x000E80045

IRQ  Tags

[

Note: If you wish to open the complete already designed hardware in SOPC builder, you may open the

file “Video_system.sopcinfo” which is attached to this tutorial.

SFSU - Embedded Systems Tutorial

60

Nano- Electronics & Computing Research Lab




Step 3c: Click on Generate.

% Altera SOPC Builder - nios simplesopc* (CAUsers\NECRL\Desktopversion_15\nias_simple.sopc) ol O |
Fle Edt Module System View Tooks Hios !l Help
System Contents | System Generation|
Component Library Target Clock Settings
Project +| | Devics Fami{Cycone VE v | | Name Source 1z
1 New companent. T clk_ext External s0.0
Memories and Memory Contra clk_sdram altpllcd 100.0
Terasic Technologies Inc. cik_pixel altpilet 0.0
Library ik attnil.c 1000
Avalon Verification Sute
Bridges and Adapters, Use  Connections Hodule Name Description Clock Base End Tags RQ
Interface Protocols & aitpi |Avalon ALTPLL -
Legacy Components pll_slave \Avalon Memory Mapped Siave lclk_ext. 0x02411060 |0x0a4ll06Z M
Memories and Memory Contr  cpu ios 1 Processor
- Peripherals = instruction_master |Avalon Memory Mapped Master clk_sys E
Debug and Performance data_master |Avaion Wemory Mapped Waster o 0 1Re 1]
Display tag_debug_module |valon Wemory Mapped Siave 0x02410800 [0x0asl0zEs L
FPGA Peripherals Bl jtag_uart TAG UART
Perigheral ———— 5 avalon_fag_shve \valon Memory Mapped Siave clk_sys 0%02411070 [0%02411077
© interval Timer B sysid System D Peripheral
© PO (Farallel 10) — 5 controlsave |Avalon Memory Mapped Siave ctk_sys 0x02411078 [0x0241107%
& Muliprocessor Coordinat B s 'SDRAM Controller
L b Avalon Hemory Mapped Siave felk_sys @ 000000000 (Ox07EEEEES
Processor Addtians | tri_state_bridge_flash Avalon-HA Tristate Bridge
- Processors avalon_shave |Avalon Memory Mapped Siave lk_sys
58 = ristate_master \Avalon Memory Mapped Tristate Master
< I J [ & cni_flasn Flash emory terface (CF)
Al % 1 \Avalon Memary Mapped Tristate Slave  [clk_sys 0x09800000 (0x09EEEEE
@ = repasr spau 2
[(ew...] [ £ Add Re Ea. =|[a][~][= Address Nap. Fier: Defaut

@ Error: cpu: Reset vector points to the memory cfi_flash which to the Nios I I re-enable the memory or reconfigure the processor.

© into: peripheral bridge: Only assert byteenables corresponding t the data widths of (sys_ck._timer 1, touch_panel_spL.spi_control_por, touch_panel_pen_ira_n.s1, touch_panel_busy 51} when accessing them
© nto: cfi_flash: Flssh memory capacty: 6.0 fBytes (6368508 bytes).

@ info: toueh_panel_pen_irq_n: PO inputs are not harcuiec in test bench. Undefined values wil be read from PIO inputs during simulstion

@ info: toueh_panel_busy: PIO inputs are not hardired intest bench. Undefined values wil be read from PO inputs during simulstn.

=) o

Step 3(d): After you generate the system. Following code is generated:
system (
// 1) global signals:
.clk_0(),
.clocks_VGA_CLK_40_out(),
.clocks_VGA_CLK_out(),
.clocks_sys_clk_out(),
.reset_n(),
// the_SW
.in_port_to_the_SW(),
// the_video_vga_controller
.VGA_BLANK_from_the_video_vga_controller(),
.VGA_B_from_the_video_vga_controller(),
.VGA_CLK_from_the_video_vga_controller(),
.VGA_DATA_EN_from_the_video_vga_controller(),
.VGA_G_from_the_video_vga_controller(),
.VGA_HS_from_the_video_vga_controller(),

.VGA_R_from_the_video_vga_controller(),
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.VGA_SYNC_from_the_video_vga_controller(),

.VGA_VS_from_the_video_vga_controller()

Step 3(e): This code should be copied and pasted in the main Verilog (shown previously) under
REG/WIRE declarations section. The modifications are shown in green:

system (

// 1) global signals:

.clk_0(CLOCK_50),

.clocks_VGA_CLK_40_out(),

.clocks_VGA_CLK_out(),

.clocks_sys_clk_out(),

.reset_n(SW[17]),

// the_SW
.in_port_to_the_SW(),

// the_video_vga_controller
.VGA_BLANK_from_the_video_vga_controller(),
.VGA_B_from_the_video_vga_controller(B),
.VGA_CLK_from_the_video_vga_controller(LCD_NCLK),
.VGA_DATA_EN_from_the_video_vga_controller(LCD_DEN),
.VGA_G_from_the_video_vga_controller(G),
.VGA_HS_from_the_video_vga_controller(),
.VGA_R_from_the_video_vga_controller(R),
.VGA_SYNC_from_the_video_vga_controller(),

.VGA_VS_from_the_video_vga_controller()

Step 3(f): Compile and run the system.
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With this step, the hardware simulation is complete.

Software Setup

This step relies on the .sopcinfo file created when generating the SOPC Builder system

Step 1: Open Nios Il SBT for Eclipse

a) Indicate workspace as your project directory, and create a new file called
“Software” and click “Okay”

b) Set perspective to Nios II: Menu -> Window -> Open Perspective -> Other ->
Nios Il

c) Menu -> File -> New -> Nios Il Application and BSP from Template

SFSU - Embedded Systems Tutorial

———
Nios I - dsaf/hello_world.c - Eclipse i

Edit Source Refactor Mavigate Search Project Run  MNiosI Window Help

Mew Alt+Shift+MN » | ¥ Mios Il Application and BSP from Template
Open File... & Mios I Application
Close ChrleW @ Mios I Board Support Package
Close Al Crleshiftew | NiosTLibrary
% Project...
[@ Save Ctrl+5
B Saves % Other. Ctrl+N

1) Under “Target Hardware Information” select file
<directory>\nios.sopcinfo

i) Under “Application Project” type “Binary Adder” as “Project Name”

iii) Under “Project Template” select “helloWorld”

iv) Click “Finish”

1 = Nios Il Application and BSP from Template =) i)

Nios Il Software Examples

Please specify a sopcinfo file

Target hardware information

SOPC Information File name: =

CPU name:

Application project

Project name:

Use default location

Project location:

Project template

Templates Template description

Blank Project Hello World prints 'Hello from Nios IT' to STDOUT. -
Board Diagnostics

Count Binary This example runs with or without the MicroC/0S-I RTOS.
Hello Freestanding and requires an STDOUT device in your system's hardware.
Hello MicroC/QS-T 3
For details, click Finish ta create the project and refer ta the |
Hello World Small readme.d file in the project directory.

Memory Test

Memory Test Small The BSP for this template is based on the Altera HAL

Simple Socket Server operating system.

Simple Socket Server (RGMI

Web Server For information about how this software example relates to
Web Server (RGMI) -

®@ < Back MNext > Finish
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Basic Software Algorithm

- Initialize the screen
screen_x = 319; screen_y = 239;
char text[16];
color = 0x0000; /1 black color
VGA _box (0, 0, screen_x, screen_y, color); // fill the screen with background
—>Values of switches are pointed by allocating their base address
volatile int * switch1_ptr = (int *) 0x00101810;
volatile int * switch2_ptr = (int *) 0x00101820;
volatile int * switch3_ptr = (int *) 0x00101830;

volatile int * switch4_ptr = (int *) 0x00101850;

—>According to the switch position, the operation of ALU is decided.

00 : Addition
01: Subtraction
10: Logical OR
11: Logical And

if (sel1&sel2)

{

sprintf( text_top_VGA, "My ALU");

sprintf (text,"%d + %d = %d ",numberl,number2,numberl + number2);
}

else if (Isell&sel2)

{
sprintf( text_top_VGA, "My ALU");
sprintf (text,"%d - %d = %d ",numberl,number2,numberl - number2);

}
else if (sel1&!sel2)

{

sprintf( text_top_VGA, "My ALU");
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sprintf (text,"%d & %d = %d ",numberl,number2,numberl & number2);

}

else

{

sprintf( text_top_VGA, "My ALU");

sprintf (text,"%d | %d = %d ",numberl,number2,numberl | number2);

}

—>Characters are written on the screen through “VGA_text” function.

void VGA _text(int X, int 'y, char * text_ptr)
{
int offset;

volatile char * character_buffer = (char *) 0x00101000; // VGA character buffer

offset = (y << 7) + x;

while ( *(text_ptr) )

{
*(character_buffer + offset) = *(text_ptr);  // write to the character buffer
++text_ptr;

++offset;

You can obtain the software code by opening the main.c file which is attached with this
tutorial.

SFSU - Embedded Systems Tutorial 65 Nano- Electronics & Computing Research Lab



Downloading the design to the board:

Step 1 —For Hardware, compile the respective .sof file on the board as shown below:

-
@ Programmer - Ci/Users/NECRL/Desktop/version_1.5/tPad_Picture_Viewer - tPad_Picture_Viewer - [tPad_Picture_Viewer_time_limited.cdf] li‘m

Fle Edit View Processing Tools Window

;:; Hardware Setup...| Mo Hardware Mode: Progress:

[ Enable real-time ISP to allow background programming (for MAX IT devices)

oy File Device Checksum Usercode Program{  Verify  Blank-  Examine Seurity  Erase IsP
AU Start Configure Check Bit CLAMP
tPad_... EP4CE115F23 00AC43C8 FFFFFFFF
b Stop
#‘ Auto Detect

¥ Delete

2 AddFie...

I Change File...
m Save File
(& add Device...
o
w Down

[
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Step 2 — For software, Run the software program under target as Nios |l Hardware shown below:

Bricsnccrs - renc N TOR T

file Edit Refactor Mavigate Search Project Tools Run  Window Help

[ “—3 B &~ O ®F B iR o -
BB Nios 1 C/C++ Projects &% = 018 mainc 2

#include "stdio.h"

#include "stdlib.n”

#include "ic.n"

#include "sys/alt_alarm.n”

#include "altera svalon sgdma.n”

#include "altera avalon sgdma_descriptor.n”

@ BE T

altera.components

New 3
Ge Into

#include "altera avalon sgdma_regs.h”
#include "alt_types.h"

#include "alt_video_display.h"
#include "fat file.n"

7 Nios Il Hardware

(E) Nios [ Instruction Set Simulator

Open in New Window

Rebuild Index
Active Build Configuration

Debug As

Build Project (B Nios I ModelSim
Clean Project
& Lauterbach Nios 1 Instruction Set Simulator
=] Coj
Ei‘ pa:;: #include "skinl.n"
#include "fonts.h"
e #include "simple graphics.h”
Move...

#define WIDTH 800
Rename #define HEIGHT 600
#define NUM FRAME 8

ey Import.. #define UI_MARGIN 20
1 Export... #define BACK BUTTON X MIN (50 - UT_MARGIN)
& Refresh #define BACK BUTTON X MAX (BACK BUTTON X MIN + backward b_w + UI_MARGIN)
#define BACK BUTTON Y MIN ((HEIGHI/2) - UI MARGIN)
% #define BACK:BU'J'TON:Y:MAX (BACKiBUTTCNiYiM;N + backward b_h + UI_MARGIN)
Team » //f/function delaration
Compare With s int write_buffer(alt_video display *display_global,char *pic name,int frame write_

void draw_toolbox(alt video display *display,int frame write index);
void draw_play button(alt_video display *display,int frame write index):
Properties JEAELLF// 7/ f/Fanction Definition
——| typedef struct{
unsigned int frame_buff [HEIGHT] [WIDTH]:
tvideo_frame_buffer:

Restore from Local History...

System Library Properties

void jpeg_decode (unsigned int *frame, FILE * infile, char * filename)
{
int width, height, dwidth, dheight:
int dx = 0, dy = 0O;
float dscaling = 0.0, output_scale_factor, scale_factor_x, scale factor_y;
int jpeg scaled width=0, jpeg scaled height=0, output_is scaled=0;
int rownum=0. colnum=0. outrow=0. outcol=0:
<«

Link to the Video Demonstration:
http://www.youtube.com/watch?v=gSJPt2jvn9E
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Chapter 5 - Integrating Touch Interface of
T-Pad

Introduction

In this chapter, the ALU will be displayed on T-Pad. Different operation of the ALU is performed by
touch interface. With switches, different numbers can be displayed and their ALU operations are
performed by touching the buttons on the screen.

Hardware
SDRAM
SWITCHES
100MHMZ(-65 DEG PHASE SHIFT) SORAM CLOCK J
SDRAM
ALTPLL ITAG LCD
cPU
UART CONTROLLER SGDMA FOUCH(SPI)
W | ]
100MAZ__
MAIN BUS
40HZ
Character
DUAL CLOCK <] VGA/LCD
Buffer DMA 7| VIDEOPIPELINE FIFO /| conTROLLER 7

The T-Pad features an 8-inch Amorphous-TFT-LCD panel. The LCD Screen module offers resolution of
(800x600) to provide users the best display quality for developing applications. The LCD panel supports
18-bit parallel RGB data interface.

In this chapter, touch features on the LCD Display are used. Hardware implementation to exploit the
touch features on the TPad:

a) A touch_panel_spi
b) A touch_panel_busy

c) A touch_panel_penirg_n
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A Serial Peripheral Interface (SPI) and a Parallel 1/0 (PIO) peripheral implement the touch screen
interface. The SPI peripheral communicates with the Analog Devices AD7843, touch screen digitizer chip
to signal pen_move events. A single PIO captures pen interrupt events, transitions on the pen_down line
from the AD7843 chip to indicate pen_down and pen_up events. The Nios Il processor in the system runs
the software that drives the SPI and P10 peripherals. The main commands, which we use in the project to
implement the touch interface, are touch panel spi which implements the SPI interface are
touch_panel_spi which implements pen interrupt interface.

The T-Pad has SPI for recognizing touch on a resistive screen. The touch is communicated with the
processor using Serial Peripheral Interface. We need to designate two parallel input ports, one with
interrupt for pen down, for recognizing that the screen is touched. The PIO with interrupt is known as
pen_irg. The P1O without the interrupt is used to indicate if the touch interface is busy or not. If busy, the
touch will not sense any interrupt i.e., touch on the screen.

Software

The LCD screen is initialized and ALU Options will be displayed. Switches are toggled to change the
number values and for a specific ALU operation, screen is touched. The result is displayed on the LCD
Screen and updated every time switch is toggled and/or screen is touched.

START
Initialize LCD.
Touchscreen
L

4)[ Display ALU Options ];

A4 v
@1@ [ Subtract ] [ Logical A.‘\‘D] Logicﬂ@

Character Buffer
Refreshed and Respective
Result is printed
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Step by Step ALU on T-Pad with Touch Interface Tutorial
Step 1 : Open System Builder, select Clock, LED, VGA ans switches as shown in figure below.

I([l"*" A

DE2-115 FPGA Board

4
x . .

““H“

Lood Setng 1 Gonarate

Sive ety | Lt

g

System Confgueation
Progect Name

‘(‘11 ah_asplay

¥ CLOCx

P LEDx27

r Butsonx 4

r s

¥ VGA

" SORAM, 128MB
SHRAM 2u8

Ao

I Efrt |

™ TV Dacoder

IR Recotew

GO Header

10 Veltage [33viO

Prodx Noere |
Norw
HEMOC

10 Vettnge I by
Fredu Niwew i

L LODVTox

Detpat) #|

2 & \c_-rmmv x8

P Swichx 13
SO CARD

- LCD

" FLASH SMB
SMA

- US8

© Etharat 2
EJTAG

" EEPROM. 32¢kb

M) oj

nCamora |

Step 2 : Select HSMC Source as LTC — 8” LCD/Touch Camera as shown below.

DE2-115 FPGA Board

Load Sefng ‘

Gonerate ‘

s Settng ] [t

System Condgueation

Frogect Name

ad_ahu_asplay

¥ CLOCx RS232
¥ LEDx27 I TSegaement x 8
™ Butson x4 ¥ Swichx 18
a2 SO CARD
¥ VGa Lo
" SORAM. 126MB I FLASH GMB
SRAM 2MB SMA
Ao S8
 Efhoret | © Efheret 2
TV Decoder EJTAG
IR Recanse EEPROM 32¢D
GO Header
0 Voltage: 13 3V (Dedaut) |
Frete Naree |
Norw
HEMC

10 Veltage

Protu Niwrs

[ |
LY LOOT ouactvCamerns -

Step 3 : Select a project name, for this example we are using “tpad_alu_display” as our project name

Click on Generate and open the folder containing these files.
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Step 4 : Open the folder where the project files are saved and open “tpad_alu_display.qpf” file. This file
will be opened in quartus Il.

Step 5: In Quartus I, the Verilog code will look like this (in blue):

/!

// This code is generated by Terasic System Builder

/!

module tpad_alu_display(

/11111111111 cLock /111111111
CLOCK_50,
CLOCK2_50,

CLOCK3_50,

TR J1TTT
LEDG,

LEDR,

T Sw 11711

Sw,

T NGA T
VGA_B,

VGA_BLANK_N,

VGA_CLK,

VGA_G,

VGA_HS,

VGA_R,

VGA_SYNC_N,

VGA_VS,
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[T 2C for HSMC /111111111
12C_SCLK,

12C_SDAT,

///11/111//// HSMC, HSMC connect to LTC - 8" LCD/Touch/Camera //////]/]//
CAMERA_D,
CAMERA_FVAL,
CAMERA_LVAL,
CAMERA_PIXCLK,
CAMERA_RESET N,
CAMERA_SCLK,
CAMERA_SDATA,
CAMERA_STROBE,
CAMERA_TRIGGER,
CAMERA_XCLKIN,
LCD_B,

LCD_DEN,
LCD_DIM,

LCD_G,

LCD_NCLK,

LCD_R,
TOUCH_BUSY,
TOUCH_CS_N,
TOUCH_DCLK,
TOUCH_DIN,
TOUCH_DOUT,

TOUCH_PENIRQ_N

/!
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// PARAMETER declarations

/!

/!

// PORT declarations

/!

[1111111111T ceock /111111111
input
input

input

/11111111111 LED /111111111
output [8:0]

output [17:0]

I SW 1111111

input [17:0]

1111111 GA 1111111

output [7:0]

output

output

output [7:0]

output

output [7:0]

output

output

[T 2C for HSMC /111111711

SFSU - Embedded Systems Tutorial

CLOCK_50;

CLOCK2_50;

CLOCK3_50;

LEDG;

LEDR;

SWw;

VGA_B;

VGA_BLANK_N;

VGA_CLK;

VGA_G;

VGA_HS;

VGA_R;

VGA_SYNC_N;

VGA_VS;
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output

inout

12C_SCLK;

12C_SDAT;

///11/111/// HSMC, HSMC connect to LTC - 8" LCD/Touch/Camera //////]/]//

input [11:0] CAMERA_D;

input CAMERA_FVAL;
input CAMERA_LVAL;
input CAMERA_PIXCLK;
output CAMERA_RESET_N;
output CAMERA_SCLK;
inout CAMERA_SDATA;
input CAMERA_STROBE;
output CAMERA_TRIGGER;
output CAMERA_XCLKIN;
output [5:0] LCD_B;

output LCD_DEN;

output LCD_DIM;

output [5:0] LCD_G;

output LCD_NCLK;

output [5:0] LCD_R;

input TOUCH_BUSY;
output TOUCH_CS_N;
output TOUCH_DCLK;
output TOUCH_DIN;

input TOUCH_DOUT;
input TOUCH_PENIRQ_N;
/!

// REG/WIRE declarations

/!
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17

// Structural coding

17

Endmodule

Step 6: Open SOPC Builder Window and add:
->CPU

->0n - Chip memory

-> Character Buffer with DMA
-> Pixel Buffer

-> Pixel Buffer with DMA

- Pixel RGB Resampler

-> Pixel Scaler

- Video Clipper

- Alpha Blender

—>Dual Clock FIFO

- VGA Controller

>JTAG UART

->SYSID

—>Touch Panel SPI

—>Touch Panel penirg
—>Touch Panel Busy

>Altpll_0
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Step 7: Go to the “Connections” column and connect the following ports:

f. For all the components connect the clock input and outputs to clock_50
For all the components connect the Avalon memory mapped slave to the On-chip

memory AMMS.

h. Open the Nios Il processor named CPU and change the reset vector and
exception vectors to onchip_memory2

Step 8: For assignment of base addresses in SOPC Builder:

990

—>Click on “Auto assign base addresses” on the main menu bar and “Auto assign IRQ’s” as

shown in figure below:

1§ Altera SOPC Builder - nios_simple.sope* (C\Users\NECRL\Desktopiversion_15\nios_simple.sopc)

File Edit Module [System| View Tools Niosll Help

The complete SOPC Builder system is shown below:
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System Contents. Auto-Assign Base Addresses.
Component Libral Auto-Assign IRQs &Dcksmm
Prorost | Insert Avalon-ST Adapters s NN Source
- Ik_ext External
] Memories and Memery Controlier: altpll.co
SD Card altpll.ct
erasic Technologies Inc. alfolle?
Library
Avalon Verification Suite Use  Connections Wodule Name Description Clock
Bridges and Adapters. B cpu Mios Il Processor
Interface Protocols — instruction_master |Avalon Memory Mapped Master lclk_sys
Legacy Components — data_master |Avalon Memory Mapped Master
Memories and Memory Controlier: jtag_debug_module \Avalon Memory Mapped Slave
Peripherals B jtag_uart UTAG UART
Debug and Performance e avalon_tag_slave |Avalon Memory Mapped Slave lclk_sys
Display = ahpll |Avalon ALTPLL
FPGA Peripherals — pll_slave |Avalon Memory Mapped Slave lclk_ext
(=} Microcontroller Peripherals. 3 sysid System D Peripheral
@ Interval Timer —————— control_slave |Avalon Memory Mapped Slave lclk_sys
@ PIO (Parallel VO} sdram SDRAM Controller
Multiprocessor Coordination 81 \&valon Memory Mapped Slave lclk_sys
PLL B fri_state_bridge_flash  |Avalon-MH Tristate Bridge
[#-Processor Addttions avalon_slave \avalon Memory Mapped Slave lclk_sys
8- Processars tristate_master |Avalon Nemory Mapped Tristate Master
sLs [ B cfi_flash Flash Memory Interface (CF)
Video and Image Processing s1 |\Avalon Memory Mapped Tristate Slave. lclk_sys
8 sram TERASIC_SRAN
avalon_slave |Avalon Nemory Mapped Slave lclk_sys
[ descriptor_mem |On-Chip Memory (RAM or ROM)
81 |Avalon Memory Mapped Slave: lclk_sys
[ E sgdma_pixel Scatter-Gather DMA Controller
T csr \Avalon Memory Mapped Slave lclk_sys
descriptor_read \&valon Memory Mapped Master
descriplor_write |Avalon Memory Mapped Master
_ m_read |Avalon Memory Mapped Master
out |Awvalon Streaming Source
B timing_adapter |Avalon-ST Timing Adapter
in |Avalon Streaming Sink lclk_sys
out |Avalon Streaming Source
a fifo On-Chip FIFO Memory
- = oD in |Avalon Streaming Sink lclk_sys
in_csr |Avalon Memory Mapped Slave lclk_sys
- . A - L
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Use Connections Mame Description Clock Base End IRQ Tags

B CPU Nios Il Processor [clk]
instruction_master \&ovalon Memory Mapped Master altpll_sys
— data_master |Avalon Memory Mapped Master [ch] 12¢ 0] TRQ 31/,
ftag_debug_module \Avalon Memory Mapped Slave [clk] 0x00100800 |0x00100£EE
E Onchip_Memory On-Chip Memory (RAM or ROM) [clk1]
s1 \Avalon Memory Mapped Slave altpll_sys 0x000c0000 |0x000£1££E
E Char_Buffer_with_D... |Character Buffer for VGA Display [clock_reset]
—_—————— avalon_char_centrol_... [Avalon Memory Mapped Slave altpll_sys 0x00101860 (0x00101887
N avalon_char_buffer_s... |4valon Memory Mapped Slave [clock_reset] 0x00101000 |0x00101755
—_— avalon_char_source \&valon Streaming Source [clock_reset]
E Pixel_Buffer SRAM/SSRAM Controller [clock_reset]
avalon_sram_slave \&valon Memory Mapped Slave altpll_sys 0x00000000
B Pixel_Buffer_DMA Picel Buffer DMA Controller [clock_reset]
avalon_pi<el_dma_ma... |[Avalon Memory Mapped Master altpll_sys
avalon_control_slave |Avalon Memory Mapped Slave [clock_reset] 0x00101800 (0x0010180£
: avalon_pixel_source \&valon Streaming Source [clock_reset]
B Pixel_RGB_Resampler |RGB Resampler [clock_reset]
avalon_rgb_sink \&valon Streaming Sink altpll_sys
: avalon_rgb_source \&valon Streaming Source [clock_reset]
B Pixel_Scaler Scaler [clock_reset]
avalon_scaler_sink \Avalon Streaming Sink altpll_sys
: avalon_scaler_source |Avalon Streaming Scurce [clock_reset]
B video_clipper Clipper [clock_reset]
avalon_clipper_sink \&ovalon Streaming Sink altpll_sys
avalon_clipper_source |Avalon Streaming Source [clock_reset]
E Alpha_Blender \Alpha Blender [clock_reset]
avalon_foreground_sink |Avalon Streaming Sink altpll_sys
avalon_background_si... /Avalon Streaming Sink [clock_reset]
C avalon_blended_source |Avalon Streaming Source [clock_reset]
E Dual_Clock_FIFO Dual-Clock FIFO
avalon_dc_buffer_sink |Avalon Streaming Sink altpll_sys
avalon_dc_buffer_so... [Avalon Streaming Source altpll_pclk
(_< E VGA_Controller [WGA. Controller [clock_reset]
—— HVHIDN_GAURYIUUI_SL | AVAIUT DU Sy S LR _resey
[: avalon_blended_source |Avalon Streaming Source [clock_resef]
El Dual_Clock_FIFQ Dual-Clock FIFO
avalon_dc_buffer_sink |Avalon Streaming Sink altpll_sys
C avalon_dc_buffer_sc... |Avalon Streaming Source altpll_pclk
Bl VGA_Controller VGA Controller [clock_reset]
avalon_vga_sink Awvalon Streaming Sink altpll_pclk
B swi1 PIO (Parallel VO) [clk]
s1 Avalon Memory Mapped Slave altpll_sys 0x00101810 (0x0010181%
B sw2 IO (Parallel VO) [clk]
=1 [Avalon Memory Mapped Slave altpll_sys 0x00101820 |0x0010182fF
B SW3 IO (Parallel VO) [clk]
_— =1 Avalon Memory Mapped Slave altpll_sys 0x00101830 |0x0010183£
B sw4 FIO (Parallel VO) [clk]
_— =1 Avalon Memory Mapped Slave clk_50 0x00101850 |0x0010185£
= jtag_uart JTAG UART [cIk]
_— avalon_jtag_slave Avalon Memery Mapped Slave altpll_sys 0x00101868 |0x0010186% —pl
B sysid System ID Peripheral [cIk]
_— control_slave Awvalon Memory Mapped Slave altpll_sys 0x00101870 |0x00101577
B touch_panel_spi SPI (3 Wire Serial) [cIk]
e spi_control_port Awvalon Memory Mapped Slave altpll_io 0x000&80000 |0:200028001F —1]
E touch_panel_penirg_n PIO (Parallel O} [clk]
—_— =1 Avalon Memory Mapped Slave altpll_io 000080020 (00008002
B touch_panel_busy PIO (Parallel VO) [clk]
e s1 Avalon Memory Mapped Slave altpll_io 0x00080030 |0x000280035
B altpll_0 Avalon ALTPLL [inclk_interfa
——— pll_slave Avalon Memory Mapped Slave clk_50 0x00080040 |0x0008004E

Note: If you wish to open the complete already designed hardware in SOPC builder, you may open the
file “Video_system.sopcinfo” which is attached to this tutorial.

SFSU - Embedded Systems Tutorial 77 Nano- Electronics & Computing Research Lab



Step 9 : Click on Generate.

4 Altera SOPC Builder - nios_simple.sopc® (C:\Users\NECRL\Desktop!version_L5\nios_simple sopc) = | B
Fie Edt Module System View Took Niosl Help
System Contents | System Generation|
Component Library Target Clock Seffings
Project ~| | Device Famiy]cycione IV £ Name cource e
11 New component... 7 lelk_ext External 50.0
Memories and Memory Contro lclk_sdram Jaltpll.c 100.0
- Terasic Technologies Inc. lclk_piel altpll.c1 400
Library ke altnilo2 1000 -
Avalon Verification Sute:
Bridges and Adapters Use  Connections Module Hame Description Clock Base End Tags RQ
Interface Proiocals B altpil |valon ALTPLL .
Legacy Components. pi_siave |Awvalon Memory Wapped Slave clk_ext 0302411060 |0x02411062 M
5-Memories and Memory Control o cpu Nios Il Processor
Peripherals = instruction_master |ivalon Memory Mapped Master clk_sys =
Dabug and Parformance data_master [tuvalon Memory liapped Master 120 0 120 31
Display ftag_debug_module |walon Memery Mapped Slave 0x02410800 |0x0241l0£55 L
FPGA Peripherals 8 jtag_ua TAG UART
= Mierocontroller Peripheral) — avalon_jtag_slave |Awalon Memory Mapped Slave clk_sys 0x02411070 |0%02411077
Interval Timer sysid System D Periheral
PI0 (Parallel VO) control stave |Avalon Memory Mapped Slave olk_sys 0502411078 (0502411072
&5 Mutiprocessor Coordinati i SDRAM Controller
PLL s |tsvalon Memory apped Save clk_sys @ 0x00000000 |0x07£ssEEs
Processor Adatiens L4 B tri_state_bridge_flash  [Avalon-Ii Tristate Brioge
8-Processors. avalon_slave |Awalon Memory Happed Slave clk_sys
= ristate_master |Avalon Memory Wapped Tristate Master
£l L ' [ B cfi_flash Flash Memory interface (CFI)
A x s |Avalon Memory Mapped Tristate Siave  (clk_sys 0x09800000 |ox09ssszEs
2 = epacic cpan <
Edil Add = v | x Address lap. Fiter: Defaut
Error; cpu: Reset veclor points to the memory efi_flash whieh is not connected to the Nios Il rocessor. Please reconnect / re-gnable the memery or reconfigure the processor.
@ Info: peripheral_bridge: Only assert byteenables corresponding to the data widths of {sys_clk_timer.1, touch_panel_spispi_control_port, touch_panel_pen_irq_n.s1, toueh_panel_busy.s1} when accessing them
@ Info: cfi_flash: Flash memory capacy: 8.0 MBytes (333508 bytes).
@ 1o: touch_panel_pen_irq_n: PI0 inputs are not hardired in test bench. Undefined values will be read from PIO inputs during simlation
@ Info: touch_panel_busy: PIQ inputs are not hardwired i test bench. Undefined valuss wil be read from PIO nputs during simulation
o

Step 10 : After you generate the system. Following code is generated:

system (
// 1) global signals:
.clk_0(),
.clocks_VGA_CLK_40_out(),
.clocks_VGA_CLK_out(),
.clocks_sys_clk_out(),

.reset_n(),

// the_SW

.in_port_to_the_SW(),

// the_video_vga_controller

.VGA_BLANK_from_the_video_vga_controller(),

.VGA_B_from_the_video_vga_controller(),

.VGA_CLK_from_the_video_vga_controller(),
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.VGA_DATA_EN_from_the_video_vga_controller(),
.VGA_G_from_the_video_vga_controller(),
.VGA_HS_from_the_video_vga_controller(),
.VGA_R_from_the_video_vga_controller(),
.WGA_SYNC_from_the_video_vga_controller(),

.VGA_VS_from_the_video_vga_controller()

Step 11: This code should be copied and pasted in the main Verilog (shown previously) under REG/WIRE
declarations section. The modifications are shown in green:

system (

// 1) global signals:
.clk_0(CLOCK_50),
.clocks_VGA_CLK_40_out(),
.clocks_VGA_CLK_out(),
.clocks_sys_clk_out(),

.reset_n(SW[17]),

// the_SW

.in_port_to_the_SW(),

// the_video_vga_controller
.VGA_BLANK_from_the_video_vga_controller(),
.VGA_B_from_the_video_vga_controller(B),
.VGA_CLK_from_the_video_vga_controller(LCD_NCLK),
.VGA_DATA_EN_from_the_video_vga_controller(LCD_DEN),
.VGA_G_from_the_video_vga_controller(G),
.VGA_HS_from_the_video_vga_controller(),

.VGA_R_from_the_video_vga_controller(R),
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.VGA_SYNC_from_the_video_vga_controller(),

.VGA_VS_from_the_video_vga_controller()
)

Step 12: Compile and run the system.

With this step, the hardware simulation is complete.

Software Setup

—>This step relies on the .sopcinfo file created when generating the SOPC System Buider
system.

—>Open Nios Il SBT for Eclipse
->Indicate workspace as your project directory, and create a new file called
“Software” and click “Okay”

- Set perspective to Nios Il
Menu -> Window -> Open Perspective -> Other -> Nios 1l

—>Menu -> File -> New -> Nios Il Application and BSP from Template

2 Nios Il - dsaf/hello_world.c - Eclipse ) _
Edit Source Refactor = Mavigate Search Project Run  MiosI Window Help
Mew Alt+Shift+M » | £ Nios Il Application and BSP from Template
Open File... &4 Mios I Application
Close ChrleW &% Mios Board Support Package
Close All Cirteshiftew, | £ (|Nio=T Libracy
__ C¥%  Project..
& Save Ctrl+S
H  SaveAs.. 'L:‘j Other... Ctrl+MN

—>Under “Target Hardware Information” select file <directory>\nios.sopcinfo
—>Under “Application Project” type “Binary Adder” as “Project Name”
—>Under “Project Template™ select “helloWorld”

—>Click “Finish”
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-
= Nios I Application and BSP from Template e

Nios Il Software Examples

Please specify a sopcinfo file

Target hardware information I

SOPC Information File name: (=)

CPU name: -

Application project

Project name:

Use default location

Project location: | [

Project template

Templates Template description
Blank Project Hello Werld prints 'Hello from Nios I to STDOUT. -
Board Diagnostics
Count Binary This example runs with or without the MicroC/0S5-11 RTOS
Hello Freestanding and requires an STDOUT device in your systern's hardware.
Hello MicroC/OS-T1
For details, click Finish to create the project and refer to the
Hello World Small readme b file in the project directory.
Memory Test
Memaory Test Small The BSP for this template is based on the Altera HAL
Simple Socket Server operating system.
Simple Socket Server (RGMII)
Web Server For information about how this software example relates to
Web Server (RGMIT)

@ <Back || Met> |[  Fnish | [ Cancel

SOFTWARE Algorithm

=> Values of switches are pointed by allocating their base address

volatile int * switch1_ptr = (int *) 0x0b081040;
volatile int * switch2_ptr = (int *) 0x0b081060;

=>» For displaying different options on the LCD Display :
sprintf(szText," +");
vid_print_string_alpha(rcPlus.left+5, rcPlus.top, COLOR_WHITE, COLOR_BLACK, tahomabold_32, display,
szText);
vid_draw_round_corner_box ( rcPlus.left, rcPlus.top, rcPlus.right, rcPlus.bottom, 10, COLOR_WHITE,
DO_NOT_FILL, display);

sprintf(szText," - ");

vid_print_string_alpha(rcMinus.left+10, rcMinus.top, COLOR_WHITE, COLOR_BLACK, tahomabold_32,
display, szText);

vid_draw_round_corner_box ( rcMinus.left, rcMinus.top, rcMinus.right, rcMinus.bottom, 10, COLOR_WHITE,
DO_NOT_FILL, display);

sprintf(szText," & ");

vid_print_string_alpha(rcAnd.left+5, rcAnd.top, COLOR_WHITE, COLOR_BLACK, tahomabold_32, display,
szText);

vid_draw_round_corner_box ( rcAnd.left, rcAnd.top, rcAnd.right, rcAnd.bottom, 10, COLOR_WHITE,
DO_NOT_FILL, display);

sprintf(szText," | );

vid_print_string_alpha(rcOr.left+10, rcOr.top, COLOR_WHITE, COLOR_BLACK, tahomabold_32, display,
szText);

vid_draw_round_corner_box ( rcOr.left, rcOr.top, rcOr.right, rcOr.bottom, 10, COLOR_WHITE, DO_NOT_FILL,
display);
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=>» For touch display, different cases are referred for each option selected, which is discussed in

the next section.
alt_touchscreen_get_pen(screen, (&pen_data.pen_down), (&pen_data.x), (&pen_data.y));

if (PtinRect(&rcPlus, pen_data.x, pen_data.y)){

select = 0;

}

if (PtinRect(&rcMinus, pen_data.x, pen_data.y)){
select = 1;

}

if (PtinRect(&rcAnd, pen_data.x, pen_data.y){
select = 2;

}

if (PtinRect(&rcOr, pen_data.x, pen_data.y))}{
select = 3;

}

= For different ALU options, case statements are used.

switch (select)

{
case 0:
result = numberl + number2;
sprintf (szText,"%d (+) %d = %d ",numberl,number2, result);
printf ("%d + %d = %d ",numberl,number2,result);
vid_print_string_alpha(400, 300, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display,
szText);
break;
case 1:
result = numberl - number2;
sprintf (szText,"%d (-) %d = %d ",numberl,number2,result);
printf ("%d - %d = %d ",numberl,number2,result);
vid_print_string_alpha(400, 300, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display,
szText);
break;
case 2:

result = numberl & number2;
sprintf (szText,"%d (&) %d = %d ",numberl,number2, result);
printf ("%d & %d = %d ",;numberl,number2, result);

vid_print_string_alpha(400, 300, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display,
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szText);

break;

case 3:

result = numberl | number2;

sprintf (szText,"%d (]) %d = %d ",numberl,number2,result);
printf ("%d | %d = %d ",numberl,number2,result);

vid_print_string_alpha(400, 300, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display,
szText);

break;

}

= THE LCD Display screen is updated.
alt_video_display_register_written_buffer( display );
while(alt_video_display_buffer_is_available(display) != 0);

You can obtain the software code by opening the main.c file which is attached with this
tutorial.

Downloading the design to the board

a) —For Hardware, compile the respective .sof file on the board as shown below:
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- Al
4> Pragrammer - Cylsers/NECRL/Desktop/version_1.5/tPad Picture Viewer - tPad _Picture_Viewer - [tPad Picture Viewer time_limited cdf] |=|E e

Fle Edit View Processing Tools Window

;:; Hardware Setup...| Mo Hardware Mode: | JTAG ~ Progress:

[ Enable real-time ISP to allow background programming (for MAX II devices)

File Device Checksum Usercode Program/  Verify  Blank- Examine Security  Erase 5P
W st Configure Check Bit CLAMP
tPad_.. EP4CE115F29 00AC43CE FFFAFFFF
i Stop
ﬂ" Auto Detect

m Save File "

m

vﬂ“ Down

b) — For software, Run the software program under target as Nios Il Hardware shown below:

B Nios LC/Crs -mainc - NisTOFT N W e . .
file Edit Refactor Navigate Search Project Tools Run Window Help
[wilhg & @~  H-0 - @ @ BT
B Nios 1 C/C++ Projects &2 = B¢ mainc &

% | Fa #include "stdio.h"
#include "stdlib.h"

=% altera.components

.bcm #inclode "io.n"
< ip New 3 #inclode "sys/alt alarm.h"
= #inclode "altera avalon sgdma.h"
GoInte #include "altera avalon sgdma descriptor.h”

#include "altera avalon sgdma regs.h"
#include "alt types.h"

Rebuild Index #incluode "alt video display.h"

Active Build Configuration  » #include "fat file.h"

Open in New Window

Debug As (ZD Nios I Instruction Set Simulator

Build Project (I8 Nios Il ModelSim
Tt

& Lauterbach Nios I Instruction Set Simulator

#include "skinl.h"

#include "fonts.h"

#incluode "simple_graphics.h"

#define WIDTH 800

#define HEIGHT 600

#define NUM FRAME &

#define UI_MARGIN 20

#define BACK BUTTON_ ¥ _MIN (50 - UI_MARGIN)

#define BACK BUTTON_X_MAX (BACK_BUTTON_X_MIN + backward b_w + UI_MARGIN)
#define BACK BUTTON ¥ MIN ((HEIGHT/2) - UI_MARGIN)

#define BACK BUTTON_Y_MAX (BACK_BUTTON_Y_MIN + backward b_n + UI_MARGIN)
////function delaration

int write buffer(alt_video display *display global,char *pic_name,int frame_write_
void draw_toolbox(alt_video_display *display,int frame write index):
void draw_play_button(alt_video display *display,int frame_write_index);

& Refresh
Close Project

Team 3
Compare With 3
Restore from Local History...

Properties [/74/701771/f/Fanction Definition
typedef struot{
System Library Properties unsigned int frame buff [HEIGHT] [WIDTH];

}video_frame_buffer;

void jpeg_decode (unsigned int *frame, FILE * infile, char * filename)
{
int width, height, dwidth, dheight;
int dx = 0, dy = 0;
float dscaling — 0.0, output scale factor, scale factor x, scale factozr y;
int jpeg scaled width—0, jpeg scaled height=0, output is scaled—0;
int rownum—0. colnum—0. outzow—0. outcol—
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Link of Video Demonstration
http://www.youtube.com/watch?v=nvzwhp5aRSE
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http://www.youtube.com/watch?v=nvzwhp5aRSE

Chapter 6: Video Generation for Text and Image Display on T-Pad

Introduction

In this chapter, the ALU will be displayed on T-Pad with an image in the background. Terasic T-Pad
provides a touch screen, which enables us to incorporate a video component. The strong multimedia
capabilities of the T-Pad are used to develop an application that would ease the process of viewing an
image from a SD Card. SD Card is used to access the images/pictures because every Digital single-lens
reflex (DSLR) camera used in the modern day stores clicked images on it. Moreover, these images are
generally in JPEG format and hence the user can store a large quantity of images on the card.

The ALU with image at the background supports following functionalities
1. Mounting a SD Card and reading files from it.

2. Displaying pictures on the touch screen display.

3. A simple ALU on the top of the image.

4. Intuitive touch to perform various functions of the ALU.

Hardware Description:

Memory Subsystem
i, Ambiietl
B
e Timing
SDRAM_ 4 -

Nios II
processor

I SD CARD :
Tri State
Buffer

| .
|
i :
|
| .
; !
| :
: |
i .
: |
! i
| I FIFO |-
i :
: !
| :
|
i .
|
| .
|
| :
|
i ;
|
| .
|

Touch Panel Control
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The hardware can be broken down in the following subsystems.
1. Memory Subsystem
2. Video Pipeline Subsystem

3. Touch Panel Subsystem

Memory Subsystem

The FPGA provides multiple options for memory storage. It provides on chip memory, off chip SRAM
FLASH and SDRAM and a SD Card SPI interface. In this chapter, SDRAM is used as a source for the
Scatter Gather DMA for VGA controller. SRAM is not used for this particular design. On-chip memory
of the Cyclone 4 FPGA is used to store local data for the application program run on Nios Il processor.
The stack for the application is built in the on chip memory itself for faster access. Flash memory is
included in the system for program code storage. Flash programmer in Nios Il IDE is used to program the
code into the flash. When this is done, the FPGA will boot up with the Nios Il processor for image
display and the application will load automatically.

The SD Card controller needs to be included to provide appropriate control and data signals
for SPI interface, which connects the SD Card socket to the processor. Image from the SD Card will be
read out using simple memory pointers. The SDRAM is used as a frame buffer to store images for the
VGA controller to read. The SD Card cannot feed images to the VGA controller and hence SDRAM s
required as a buffer to connect to the VGA controller.

Software Design

For software implementation the VGA module, touch screen and SD Card are initialized first. Then a
home screen appears on the T-Pad which allows the user to touch and initialize the SD Card to read the
images. After the image is displayed by the pixel buffer on the T-Pad, the character buffer displays the
ALU options. After the user selects/touch one of the options of ALU, the character buffer is refreshed
and the result is displayed. After the result is displayed, the software waits for the touch input to any other
option and respective results are shown.

For initializing the touch screen and the VGA, Hardware Abstraction Layer is used provided by Altera.
The SD card controller is initialized using SPI1. Once these components are initialized, the home screen
appears on the T-Pad’s screen. After the user selects a particular mode, images are read one by one from
the SD Card. Then using JPEG library, we decode the image data into hex format. This hex data is passed
to the buffer and pushed into video pipeline. Image corresponding to this data is then displayed. The
latency with which the image is displayed depends on the size of the hex data and therefore ultimately on
the image size. The flow chart for the software is shown below:
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[ START ]

( Initialize VGA Module,
Touchscreen & SD-Card

i)
Read image from
SD-Card

L.
4)[ Display Home Screen ]

Touch?

[ Display Image on T-Pad ]

4>[ Display ALU Options I:

W W L W
[Ad:ﬁﬁm ] [Subl:act ] [Lu-gical.—‘k_\'D] []_u-_zical DR]

Touch?

Yes

Character Buffer
Refreshed and Respective
Result is printed J
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Step by Step ALU with image in background Tutorial

Hardware Setup
Step 1 : Open System Builder, select Clock, SDRAM, SRAM, FLASH, SD CARD, VGA and LTC — 8”
LCD/Touch/Camera as shown in figure below.

Terasic DE2-115 System Builder V 1.0.0

System Configuration:

UNIVERSITY Project Name:
PROGRAM www. QI‘BSIC com
picture_alu
DE2-115 FPGA Board ¥ CLOCK ™ RS-232
i ™ LEDx27 ™ 7-Segement x 8
™ Buttonx 4 ™ Switchx 18
I PS2 ¥ SD CARD
M VGA v LCD
¥ SDRAM, 128MB ¥ FLASH. 8MB
v SRAM, 2MB ™ SMA
™ Audio I USB
™ Ethernet 1 ™ Ethernet 2
™ TV Decoder I~ BEJTAG
I” IR Receiver I~ EEPROM, 32Kb
GPIO Header
10 Voltage: |3.3 V (Defautt)  ~|
Prefix Name: |
None j
HSMC
|25V (Default) ~
Load Setting... Generate Hellegy I ( ) —I
Prefix Name: I
Save Setting... Exit |LTC— 8" LCD{Touch/Camera _v_l

Step 2 : Select a project name, for this example we are using “picture_alu” as our project name. Click on
Generate and open the folder containing these files.

Step 3: Open the folder where the project files are saved and open picture_alu.qpf file. This file is
generated when we generate in the above step. Open the respective folder for this file. This file will be
opened in Quartus Il.

Step 4: In Quartus I, the Verilog code will look like this (in blue):

// B
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/I This code is generated by Terasic System Builder

Il

module picture_alu(

I CLOCK /I
CLOCK_50,
CLOCK2_50,

CLOCK3_50,

I LCD M
LCD_BLON,
LCD_DATA,
LCD_EN,

LCD_ON,

LCD_RS,

LCD_RW,

I SDCARD /1]
SD_CLK,

SD_CMD,

SD_DAT,

SD_WP_N,

A TN
VGA_B,
VGA_BLANK_N,
VGA_CLK,

VGA_G,

VGA_HS,

VGA_R,

VGA_SYNC_N,
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VGA_VS,

HITIINE2C for HSMC I
12C_SCLK,

12C_SDAT,

I SDRAM /I
DRAM_ADDR,
DRAM_BA,
DRAM_CAS_N,
DRAM_CKE,
DRAM_CLK,
DRAM_CS_N,
DRAM_DQ,
DRAM_DQM,
DRAM_RAS_N,

DRAM_WE_N,

I SRAM 11T
SRAM_ADDR,
SRAM_CE_N,
SRAM_DQ,
SRAM_LB N,
SRAM_OE_N,
SRAM_UB_N,

SRAM_WE_N,

I Flash 1]
FL_ADDR,
FL_CE_N,

FL_DQ,

FL_OE_N,
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FL_RST N,
FL_RY,
FL_WE_N,

FL_WP_N,

I HSMC, HSMC connect to LTC - 8" LCD/Touch/Camera /1111111
CAMERA_D,
CAMERA_FVAL,
CAMERA_LVAL,
CAMERA_PIXCLK,
CAMERA_RESET_N,
CAMERA_SCLK,
CAMERA_SDATA,
CAMERA_STROBE,
CAMERA_TRIGGER,
CAMERA_XCLKIN,
LCD_B,

LCD_DEN,

LCD _DIM,

LCD_G,
LCD_NCLK,

LCD R,
TOUCH_BUSY,
TOUCH_CS_N,
TOUCH_DCLK,
TOUCH_DIN,
TOUCH_DOUT,

TOUCH_PENIRQ_N

I

/I PARAMETER declarations
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I

I

/I PORT declarations

Il

[T CLOCK /i

input
input

input

M LCo i
output

inout

output

output

output

output

[7:0]

[T SDCARD [T

output
inout
inout

input

T NGA T
output
output
output
output

output

SFSU - Embedded Systems Tutorial

[3:0]

[7:0]

[7:0]

CLOCK_50;
CLOCK2_50;

CLOCK3_50;

LCD_BLON;
LCD_DATA;
LCD_EN;
LCD_ON;
LCD_RS;

LCD_RW;

SD_CLK;
SD_CMD;
SD_DAT;

SD_WP_N;

VGA B;
VGA_BLANK_N;
VGA_CLK;
VGA_G;

VGA_HS;
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output [7:0]
output

output

HIHHHTHIN2C for HSMC /T
output

inout

M SDRAM T
output [12:0]
output [1:0]
output

output

output

output

inout [31:0]
output [3:0]
output

output

M SRAM I

output [19:0]
output

inout [15:0]
output

output

output

output

M Fash T
output [22:0]

output
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VGA R;
VGA_SYNC_N;

VGA_VS;

12C_SCLK;

12C_SDAT;

DRAM_ADDR;
DRAM_BA;
DRAM_CAS_N;
DRAM_CKE;
DRAM_CLK;
DRAM_CS_N;
DRAM_DQ;
DRAM_DQM;
DRAM_RAS_N;

DRAM_WE_N;

SRAM_ADDR;
SRAM_CE_N;
SRAM_DQ;
SRAM_LB_N;
SRAM_OE_N;
SRAM_UB_N;

SRAM_WE_N;

FL_ADDR;

FL_CE_N;
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inout [7:0]
output

output

input

output

output

M HSMC, HSMC connect to LTC - 8"
input [11:0]
input

input

input

output

output

inout

input

output

output

output [5:0]
output

output

output [5:0]
output

output [5:0]
input

output

output

output

input

input
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FL_DQ;
FL_OE_N;
FL_RST N;
FL_RY;

FL_WE_N;

FL_WP_N;

LCD/Touch/Camera /I

CAMERA_D;
CAMERA_FVAL;
CAMERA_LVAL,;
CAMERA_PIXCLK;
CAMERA_RESET_N;
CAMERA_SCLK;
CAMERA_SDATA,;
CAMERA_STROBE;
CAMERA_TRIGGER,;
CAMERA_XCLKIN;
LCD B;

LCD_DEN;
LCD_DIM;

LCD_G;
LCD_NCLK;
LCD_R;
TOUCH_BUSY;
TOUCH_CS_N;
TOUCH_DCLK;
TOUCH_DIN;
TOUCH_DOUT;

TOUCH_PENIRQ_N;
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endmodule

This step initiates all the ports selected on system builder.

Step 5: Open SOPC Builder Window and add the following components from library (detailed procedure
is explained in chapter no.3):

alt_pll

->CPU

- System id

->SD RAM

- Tri State Bridge Flash
—>Flash

- SRAM

-0n chip Memory
—>SGDMA Controller
2>Timing Adapter
-0n Chip FIFO Memory

2>Timing Adapter
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—>Pixel Converter

>VGA Sink

- Peripheral Bridge

—>Sd Card Controller

—Interval Timer

—>Touch Panel

—>Touch Panel SPI

—>Touch Panel penirg

—>Touch Panel Busy

Step 6: Go to the “Connections” column and connect the following ports:

i. PIl_slave(system clock) is connected to cpu, jtag_uart, sysid, sdram, tri_state
bridge flas, cfi_flash, sram, on chip memory, SGDMA Controller, Fifo and
peripheral bridge
CPU’s jtag_debug_module to SDRAM, Tristate Bridge, SRAM.

SDRAM to SGDMA Controller’s “m_read”.
Descriptor Memory to SGDMA Controller’s “Descriptor Read”
. Descriptor Memory to SGDMA Controller’s “Descriptor Write”
SGDMA Controller’s out to Timing Adapter’s “in”.
Timing Adapter’s “out” to FIFO’s “in”.
FIFO’s “out” to Pixel Converter’s “in”.
Pixel Converter’s “out” to VGA_Sink.
SD Card Controller to System Clock Timer, Touch Panel SPI, Touch_Panel_irg_n
and Touch_Panel_busy.

s. Open the Nios Il processor named CPU and change the reset vector and

exception vectors to onchip_memory2

~eTosSg— AT

Step 7: For assignment of base addresses in SOPC Builder:

2490

—>Click on “Auto assign base addresses” on the main menu bar and “Auto assign IRQ’s” as
shown in figure below:
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1 Altera SOPC Builder - nios_simple.sopc” (C:\Users\NECRL\Desktop\version_L3\nios_simple.sopc)

File Edit Module

View Tools Niosll Help

System Contents

Component Libra

Auto-Assign Base Addresses

Auto-Assign IRGs

Insert Avalon-ST Adapters

Clock Settings.

Project E NN Source
i | Ik_ext External
Memories and Memory Controller: altpll.co
50 Card altpll.ct
Terasic Technologies Inc. altolLe?

Library
Awvalon Verification Suite Use  Connections Wodule Hame Description Clock
Bridges and Adapters. B cpu Nios I Processor
Interface Protocols — instruction_master |Avalon Memory Mapped Master lclk_sys
Legacy Components — data_master |Avalon Memory Mapped Master
Wemories and Memory Controller: FEAT IO |Avalon Memory Mapped Siave
Peripherals O jtag_uart UTAG UART

Debug and Performance _— avalon_ftag_slave |Avalon Memory Mapped Slave lclk_sys
Display B altpll |Avalon ALTPLL
FPGA Peripherals R — pll_slave |Avalon Nemory Mapped Slave lclk_ext
(=+Microcontroller Peripherals O sysid System ID Peripheral
@ Interval Timer — control_slave |Avalon Memory Mapped Slave lclk_sys
@ PIO (Parallel O} sdram Controller
Muttiprocessor Coordination = [Avalon Memory Mapped Siave lclk_sys
PLL B tri_state_bridge_flash  |Avalon-MM Tristats Bridoe
Processor Additions avalon_slave |Avalon Memory Mapped Slave lcik_sys
Processors = tristate_master \Avalon Memory Mapped Tristate Master
sLs B cfi_flash Flash Memory Interface (CFI)
Video and Image Processing 81 |Avalon Memory Mapped Tristate Slave: lclk_sys
B sram TERASIC_SRAM
avalon_slave |walon Memory Mapped Slave lelk_sys
& descriptor_mem On-Chip Memory (RAM or ROM)
s1 |Awalon Memory Mapped Slave lclk_sys
[ Bl sgdma_pixel Scatter-Gather DMA Controller
T st |Avalon Memory Mapped Slave lclk_sys
descriptor_read |Awvalon Memory Mapped Master
e — descriptor_write |Awvalon Memory Mapped Master
— m_read |Avalon Memory Mapped Master
out |Avalon Streaming Source
B timing_adapter |Avalon ST Timing Adapter
in |Awalon Streaming Sink lclk_sys
out |Avalon Streaming Source
g fifo On-Chip FIFO Memary
N F—T— in |walon Streaming Sink lelk_sys
- in_csr |Awalon Memory Mapped Slave lclk_sys
The complete SOPC Builder system is shown below:
alty Axalon PLL
pll_slave ‘Avalon Memory Mapped Slave clk_ext 0x0a2411060 |0x0241106%
E cpu Nios Il Processor
instruction_master ‘Avalon Memory Mapped Master clk_sys
data_master Avalon Memory Mapped Master IRC 0 IRO 31
jtag_debug_module ‘Avalon Memory Mapped Slave 0x0a2410800 |0x02410££E
B jtag_uart JTAG UART
avalon_jtag_slave ‘Avalon Memory Mapped Slave clk_sys 0x0a411070 |0x02411077
B sysid System ID Peripheral
control_slave ‘Avalon Memory Mapped Slave clk_sys 0x0a2411078 |0x0241107£
El sdram SDRAM Controller
sl ‘Avalon Memory Mapped Slave clk_sys @ 0x00000000 |0x07£f£££E
(= tri_state_bridge_flash ‘Avalon-MN Tristate Bridge
avalon_slave ‘Avalon Memory Mapped Slave clk_sys
tristate_master ‘Avalon Memory Mapped Tristate Master
[ B cfi_flash Flash Memory Interface (CFI)
s1 ‘Avalon Memory Mapped Tristate Slave |clk_sys 0x09800000 |0x03£££E£EE
E sram TERASIC_SRAM
G avalon_slave Awalon Memory Mapped Slave clk_sys 0x02200000 |0x023££££5
)_I B descriptor_mem On-Chip Memory (RAM or ROM)
s1 ‘Avalon Memory Mapped Slave clk_sys 0x02400000 |0x0z40£££E
B sgdma_pixel Scatter-Gather DMA. Controller
csr ‘Avwvalon Memory Mapped Slave clk_sys 0x0a411000 |0x0241103F >—{I:|
— descriptor_read ‘Avwvalon Memory Mapped Master
— descriptor_write ‘Avalon Memory Mapped Master
— m_read ‘Avalon Memory Mapped Master
— out ‘Avalon Streaming Source
B timing_adapter ‘Avalon-ST Timing Adapter
— in Avalon Streaming Sink clk_sys
— out ‘Avalon Streaming Source
3 fifo On-Chip FIFO Memory
— in Axalon Streaming Sink clk_sys
[ o in_csr Avalon Memory Mapped Slave clk_sys 0x02411040 |0x02411055 —f
out ‘Avalon Streaming Source clk_pixel
B fifo_to_pixel_converter |Avalon-ST Timing Adapter
— in Axvalon Streaming Sink clk_pixel
— out ‘Avalon Streaming Source
Bl pixel_converter Pixel Converter (BGRO —> BGR}
—s in Avalon Streaming Sink clk_pixel
— out ‘Avalon Streaming Source
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— out |&valon Streaming Source
E timing_adapter \&ovalon-ST Timing Adapter
b—(i—ﬁ)—o—o——) in \&ovalon Streaming Sink clk_sys
out \&valon Streaming Source
B fifo On-Chip FIFO Memory
O in |Avalon Streaming Sink clk_sys
———O0—0—¢ L —> in_csr \Avalon Memory Mapped Slave clk_sys 0x02411040 |0x02411058
out \&valon Streaming Source clk_pixel
B fifo_to_pixel_converter |Avalon-ST Timing Adapter
—— in \Avalon Streaming Sink clk_pixel
out \Avalon Streaming Source
Bl pixel_converter Pixel Converter (BGRO —> BGR)
— in \Avalon Streaming Sink clk_pixel
— out \Avalon Streaming Source
B vga_source WGA_SINK
avalon_streaming_sink \&valon Streaming Sink clk_pixel
E peripheral_bridge \&ovalon-MM Clock Crossing Bridge
——t C =1 \4wvalon Memory Mapped Slave clk_sys 0x08000000 |[0x080007£E
mi \&ovalon Memory Mapped Master clk_periph...
E sd_card_controller SD Card Controller (SPI)
avalon_slave \&valon Memory Mapped Slave clk_periph... [/« 0x00000000 |0x000003£F
B sys_clk_timer Interval Timer
a1 \&valon Memory Mapped Slave clk_periph... |« 0x00000400 |[0x0000041£F
B touch_panel_spi SPI (3 Wire Serial)
spi_control_port \Avalon Memory Mapped Slave clk_periph... |~ . 0x00000420 0x0000043£
B touch_panel_pen_irg_n |PIO (Parallel YO}
81 \Avalon Memory Mapped Slave clk_periph... |«« 0x00000470 0x0000047£
B touch_panel_busy PIO (Parallel VO)
81 \Avalon Memory Mapped Slave clk_periph... |« 0x00000480 0x0000048f€

If you wish to open the complete already designed hardware in SOPC builder, you may open the file
“nios_simple.sopcinfo” which is attached to this tutorial.
To generate the hardware in sopc builder, click on generate shown in the figure below:

24 Altera SOPC Builder - nios_simplesopc* (CAUsers\NECRL\Desktop\wersion_1.5\nics simple:sopc) =@ |
File Edit Module System View Tools Nios |l Help

System Contens. | System Generation|

Component Library Target Clock Settings
Project +] | Devics Famiy{Gyclone ME ¥ | | Name Source WHz
3 Wew component M elk_ext External 500
Memories and Wemory Contra clk_sdram altpll.co 100.0
Terasic Technologies Inc. elk_pixel altpil.et 0.0
Library k altnll.c? 1000 X
Awalon Verification Sute
Bridges and Adapters Connections Hodule Name Description Clock Base End Tags RQ
Interface Protocols B aitpll |Awalon ALTPLL -
Legacy Components pl_slave |valon Memory Mapped Slave lelk_ext 0x02411060 |0x02411065 M
Memories and Memory Contra B cpu Nios Il Processor
£1-Peripherals £ insiruction_master svalon Memory Mapped Master olk_sys E
-Debug and Performance data_master |Avalon Wemory Mapped Waster 20 0 R 31
Display ftag_debug_module |&valon Memory Mapped Slave 0x02410800 |0x0=410F£5 L4
FPGA Peripherals B jtag_vart UTAG UART
=Microcontroller Peripheral — 3| avabon_jiag_slave |Avalon Memory Mapped Siave elk_sys 0x02411070 |0x02411077
© Interval Timer B sysid System D Peripheral
© PO (Parallel VO) — |7 ControLsiave |awalon Memory Mapped Siave cik_sys 0x02411078 |0x0a41107%
- Muliprocessor Coordinati S sdram 'SDRAM Controller
PLL st lavalon Memory Mapped Slave clk_sys & 0x00000000 |Ox07EEEEEE
-Processor Additions. L B tri_state_bridge_flash  |Avalon-lil Tristate Bridge
&-Processors avalon_slave avalon Memory Mapped Siave lelk_sys
= tristate_master vavalen Memery Mapped Tristate Master
< " ] [ B cfi_flash Flash Memory Interface (CFl)
N X st Awalon Memory Mapped Tristate Siave  (clk_sys 0x03800000 |0x05££22EE i
@ = Tepaci cpam
Add Remove xz|[a][v][= Fiter: Defaut

@ Error: cpu: Reset vector points to the memory cfi_flash wihich is not connected to the Nios Il processor. Please reconnect / re-enabie the memory or reconfigure the processor.

(@ nfo: peripheral_bridge: Only assert bytesnables corresponding to the data widihs of {sys_clk_timer s1, touch_panel_spi spi_control_port, touch_panel_pen_irq_n.s1, touch_panel_busy.s1 when accessing them,
@ nfo: efi_flash: Flash memory capacty: &0 MBytes (388603 bytes).

@ nfo: touch_panel_pen_ira_n: PI0 inputs are not hardwired in test bench. Undefined valuss wil be read from PIO inputs during simulation

(@ info: touch_panel_busy: PID inputs are not hardwired in test bench. Undefined values will be read from PO inputs during simulation

| —
4 Pre Next | | Generate |

After the sopc builder system is generated:

We get the following code:
wire reset_n;

wire [7:0] wire_HC_B;

wire [7:0] wire_HC_G;

wire [7:0] wire_HC_R;
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assign reset_n = 1'b1;

assign HC_DIM = 1'b1;

nios_simple nios_simple_ins(
/1 1) global signals:
.clk_ext(CLOCK_50),
.reset_n(reset_n),
/1.altpll_25(),
/I .altpll_io(),
.clk_sdram(DRAM_CLK),
/l.clk_sdram(DRAM_CLK),

/1.clk_pixel(HC_NCLK),

JHIIVGA SINK

.vga_b_from_the_vga_source (wire_HC_B),
.vga_clk_from_the_vga_source (HC_NCLK),
.vga_de_from_the_vga_source (HC_DEN),
.vga_g_from_the_vga_source (wire_HC_G),
.vga_hs_from_the_vga_source 0,
.vga_r_from_the_vga_source (wire_HC_R),
.vga_vs_from_the_vga_source 0,

/I the_sdram
.zs_addr_from_the_sdram(DRAM_ADDR),
.zs_ba_from_the_sdram(DRAM_BA),
.zs_cas_n_from_the_sdram(DRAM_CAS_N),
.zs_cke_from_the_sdram(DRAM_CKE),
.zs_cs_n_from_the_sdram(DRAM_CS_N),
.zs_dg_to_and_from_the_sdram(DRAM_DQ),
.zs_dgm_from_the_sdram(DRAM_DQM),
.zs_ras_n_from_the_sdram(DRAM_RAS_N),
.zs_we_n_from_the_sdram(DRAM_WE_N),

// the_sd_card_controller

.spi_clk_from_the_sd_card_controller ~ (SD_CLK),
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.spi_cs_n_from_the_sd_card_controller  (SD_DAT[3]),
.Spi_data_in_to_the_sd_card_controller (SD_DAT[0]),
.spi_data_out_from_the_sd_card_controller (SD_CMD),
[l[cfi flash

.tri_state_bridge_flash_address (FL_ADDR),

.tri_state_bridge_flash_data (FL_DQ),

.write_n_to_the_cfi_flash (FL_WE_N),
.read_n_to_the_cfi_flash (FL_OE_N),
.select_n_to_the_cfi_flash (FL_CE_N),

[lltouch panel interface

.MISO _to_the_touch_panel_spi (HC_ADC_DOUT),
.MOSI_from_the_touch_panel_spi (HC_ADC_DIN),
.SCLK_from_the_touch_panel_spi (HC_ADC_DCLK),
.SS_n_from_the_touch_panel_spi (HC_ADC_CS_N),

.in_port_to_the_touch_panel_pen_irq_n (HC_ADC_PENIRQ_N),

.in_port_to_the_touch_panel_busy (HC_ADC_BUSY),

/HIISRAM

.SRAM_ADDR_from_the_sram (SRAM_ADDR),
.SRAM_CE_n_from_the_sram (SRAM_CE_N),
.SRAM_DQ _to_and_from_the_sram (SRAM_DQ),
.SRAM_LB_n_from_the_sram (SRAM_LB_N),
.SRAM_OE_n_from_the_sram (SRAM_OE_N),
.SRAM_UB_n_from_the_sram (SRAM_UB_N),
.SRAM_WE_n_from_the_sram (SRAM_WE_N)

1

assign HC_B =wire_HC B[7:2];
assign HC_G =wire_HC_G[7:2];
assign HC_R =wire_HC_R[7:2];
/I Flash Config

assign FL_RST_N =reset_n;

assign FL_WP_N = 1'b1;
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il FLASH_RY,

M
/I LCD config
assign LCD_BLON = 0; // not supported

assign LCD_ON = 1'b1; // alwasy on

This code should be copied and pasted in the main Verilog (shown previously) under REG/WIRE
declarations section.

With this step our hardware configuration is done.

After this step, open Nios Il IDE Eclipse and write software to configure software of the demonstration.

Software Setup

Basic Algorithm:

1) Display is initialized.

display_global = alt_video_display_init( "/dev/sgdma_pixel", // Name of video controller

WIDTH, /l Width of display
HEIGHT, /I Height of display
32, /I Color depth (32 or 16)

SDRAM_BASE+SDRAM_SPAN/2, /I Where we want our frame buffers
DESCRIPTOR_MEM_BASE, /I Where we want our descriptors
NUM_FRAME );

if( display_global )

2) Touch Panel is initialized.

hTouch = Touch_InitTOUCH_PANEL_SPI_BASE, TOUCH_PANEL_PEN_IRQ_N_BASE,
TOUCH_PANEL_PEN_IRQ_N_IRQ);

3) Welcome screen is displayed . The following commands are used to display characters on
the screen.

sprintf(szText,"\nCalculator ");

vid_print_string_alpha(400, 2, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, szText);

sprintf(szText,"\nTouch Anywhere to Begin");

vid_print_string_alpha(220, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, szText);
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/Ivid_draw_round_corner_box ( 300, 400, 500, 500,10, 0x5555, 0x0000, display_global);

4) After the touch is selected , pixel buffer and character buffer gets updated.

alt_video_display_clear_screen(display_global, 0x0);

result = write_buffer(display_global,name_list[pic_index],frame_write_index);

alt_video_display_register_written_buffer(display_global); /llldirect the display buffer to buffer_being_written

while(alt_video_display_buffer_is_available(display_global)!=0); ////lupdate display_global- >buffer_being_displayed

printf("\nLook at the the screen");

x=0;
y=0;

sprintf(text_disp,"ADDITION");
vid_print_string_alpha(50, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20,

display_global, text_disp);

sprintf(text_disp,"SUBTRACTION");
vid_print_string_alpha(200, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);

sprintf(text_disp,"LOGICAL AND");

vid_print_string_alpha(400, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);
sprintf(text_disp,"LOGICAL OR");
vid_print_string_alpha(600, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);

Touch_EmptyFifo(hTouch);

Touch_EmptyFifo(hTouch) is used to empty the touch input

5) The screen waits for the touch input in trigger area which will perform ALU functions.

For example:

if (fouch == 0 && (x >= 50 && x<=150)) //Trigger area

printf("l am in addition loop\n x=%d y = %d", X, y);// display statement on console for debugging
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touch = 1;
x=0;

y=0;

result = write_buffer(display_global,name_list[pic_index],frame_write_index);

sprintf(text_calc,"10 + 5 = 15");

vid_print_string_alpha(350, 410, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_calc);
sprintf(text_disp,"ADDITION");

vid_print_string_alpha(50, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);
sprintf(text_disp,"SUBTRACTION");

vid_print_string_alpha(200, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);
sprintf(text_disp,"LOGICAL AND");

vid_print_string_alpha(400, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);
sprintf(text_disp,"LOGICAL OR");

vid_print_string_alpha(600, 200, COLOR_WHITE, COLOR_BLACK, tahomabold_20, display_global, text_disp);

usleep(100000);
Touch_EmptyFifo(hTouch);

goto here; // label to take it back to the main loop

6) The screen performs respective functions according to which trigger area is touched.

Alternatively you can obtain the software code by opening the main.c file which is attached with this
tutorial.

Downloading the design to the Board
a) —For Hardware, compile the .sof file on the board as shown below:
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- Al
4> Pragrammer - Cylsers/NECRL/Desktop/version_1.5/tPad Picture Viewer - tPad _Picture_Viewer - [tPad Picture Viewer time_limited cdf] |=|E e

Fle Edit View Processing Tools Window

& Hardware Setup...| Mo Hardware Mode: [JTAG A Progress: |

[ Enable real-time ISP to allow background programming (for MAX II devices)

File Device Checksum Usercode Program/  Verify  Blank- Examine Security  Erase 5P
Configure Check Bit CLAMP

00AC43C8  FFFFFFFF

W start
EPACEL15F29
i Stop

ﬂ" Auto Detect

2 Add File

m Save File "

m

TOI

vﬂ“ Down

b) — For software, Run the software program under target as Nios |l Hardware shown below:

BiNios [C/C-+ - maine N IIDENT W~ . .
File Edit Refactor Mavigate Search Project Tools Run  Window Help
g~ |@ Brardr-@ -0~ Q~ @F G Frflvto oo
B Nios 11 C/C+ Projects ©7 = 8| g mainc 2
@| B 4 ¥| #include "stdia.h”
125 altera.components B?nclude I’?tdlib'h"
,chm #inclode "io.h"
T New 3 #include "sys/alt alarm.h"

f#include "altera avalon_sgdma.h"

Go Into #include "altera_avalon_sgdma descriptor.h”
#include "altera avalon sgdma regs.h"
f#include "alt_types.h"

Rebuild Index #include "alt_video_display.h"

Active Build Configuration  » #include "fat file.h"

Open in New Window

Debug As » Mios I Instruction Set Simulator
Build Project [E) Nios I ModelSim

Clean Project

A Lauterbach Mios I Instruction Set Simulator

=] Col
E; n :y #inclode "skinl.h"
aste
#include "fonts.h"
EElete f#include "simple graphics.h"
Move... gdefine WIDTH 200
Rename #define HEIGHT 600
fdefine NUM FRAME 8
£y Import... =

gdefine UI_MARGIN 20
e Export.. #define BACK BUTTON X MIN (50 - UI_MARGIN)
#define BACK BUTTON X MAX (BACK BUTTON X MIN + backward b_w + UI_MARGIN)

& Refresh ! $
) gdefine SACK SUTTON ¥ MIN ((HEIGHT/2) - UI MARGIN)
Close Project #define BACK BUTTON ¥ MAX (BACK BUTTON ¥ MIN + backward b h + UI MARGIN)
Team » /f//function delaration
Compare With v int write_buffer(alt_video_display *display global,char *pic_name,int frame write_

void draw toolbox(alt video display *display,int frame write index):
Restore from Local History... N - - T R . . .y . N
void draw_play button(alt_video_display *display,int frame write_index):

Properties [FF7417¢471{{/Function Definition
typedef struct{
System Library Properties unsigned int frame_ buff[HEIGHT] [WIDTH]:

}video_frame buffer;
void jpeg_decode (unsigned int *frame, FILE * infile, char * filename)

int width, height, dwidth, dheight;

int dx = 0, dy = 0:

float dscaling = 0.0, output_scale factor, scale factor x, scale factor y;
int jpeg_scaled width=0, jpeg_scaled_height=0, output_is_scaled=0;

int rownum=0. colnum=0. outrow=0. outcol=0:

Il
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Video Demonstration of this tutorial is available on YouTube by clicking here:

http://www.youtube.com/watch?v=_epPtQ-ITuQ
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http://www.youtube.com/watch?v=_epPtQ-lTuQ

