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Chapter 1

Infroduction

This tutorial provides comprehensive information that will help you understand how to create a
FPGA design and run it on your DEO-Nano-SoC development board. The following sections
provide a quick overview of the design flow, explain what you need to get started, and describe
what you will learn.

1.1 Design Flow

Figure 1-1shows the FPGA design flow block diagram.

The standard FPGA design flow starts with design entry using schematics or a hardware description
language (HDL), such as Verilog HDL or VHDL. In this step, you can create a digital circuit that is
implemented inside the FPGA. The flow then proceeds through compilation, simulation,
programming, and verification in the FPGA hardware.

|

Design ——» Compile ——» Simulate ——» Program —— Hardware

|

This tutorial guides you through all of the steps except for simulation. Although it is not covered in
this document, simulation is very important to learn, and there are entire applications devoted to
simulating hardware designs. There are two types of simulation, Functional and Timing Functional
simulation allows you to verify that your code is manipulating the inputs and outputs appropriately.
Timing (or post place-and-route) simulation verifies that the design meets timing and functions
appropriately in the device.

Figure 1-1 Design Flow
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1.2 Before You Begin

This tutorial assumes the following prerequisites

B You generally know what a FPGA is. This tutorial does not explain the basic concepts of
programmable logic.

B You are somewhat familiar with digital circuit design and electronic design automation (EDA)
tools.

B You have installed the Altera Quartus Il 14.1 software on your computer. If you do not have
the Quartus Il software, you can download it from the Altera web site at www.altera.com/download.

B You have a DEO-Nano-SoC Development Board on which you will test your project. Using a
development board helps you to verify whether your design is really working.

B You have gone through the quick start guide and/or the getting started user guide for your
development kit. These documents ensure that you have:

¢ Installed the required software.
e Determined that the development board functions properly and is connected to your
computer.

Next step you should installed the USB-Blasterll driver, Plug in the 5-volt adapter to provide power
to the board. Use the USB cable to connect the leftmost USB connector on the DEO-NANO-SoC
board to a USB port on a computer that runs the Quartus Il software. Turn on the power switch on
the DEO-NANO-SoC board.

The computer will recognize the new hardware connected to its USB port and Power on the board
as shown in Figure 1-2, but it will be unable to proceed if it does not have the required driver
already installed. The DEO-Nano-SoC board is programmed by using Altera USB-Blaster 11
mechanism. If the USB-Blasterll driver is not already installed, the Driver Software Installation in
Figure 1-3 will appear.Click close.
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Figure 1-2 Connection Setup

D .

evice driver software was not successfully installed

Please consult with your device manufacturer for assistance getting this device installed.

Unidentified Device ¥ Mo driver found

What can I do if my device did not install properly?

Close

Figure 1-3 Driver Software Installation

Since the desired driver is not available on the Windows Update Web site, open the Computer
Management and select the Device Manager. This leads to the window in Figure 1-4.
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4 ﬁ’% System Tools
3 @ Task Scheduler
& fd] Event Viewer
1+ 3] Shared Folders
i & Local Users and Groups
3 @ Performance
|E Device Manager |
a g Storage
= Disk Management
3 ég Services and Applications

] n ] »

b 1% Computer

|‘>-E Disk drives

B, Display adapters

4 DVD/CD-ROM drives

b % Human Interface Devices

g IDE ATA/ATAPI controllers
DQ Junge

b Keyboards

|.>-E! Mice and other pointing devices
|‘>-EJ Maenitors

E-Q Network adapters

A-_@@ Other devices

% Unknown device

15 Ports (COM &LPT)

b w Processors

b 4 Sound, video and game controllers
b (:— Storage controllers

b 78| System devices

b E Universal Serial Bus controllers
- ok WSD Print Provider

Mere Actions

Figure 1-4 Device Manager

Right click Other devices>Unknown device and select Update Driver Software

Figure 1-5.

How do you want to search for driver software?

= Search automatically for updated driver software

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
settings.

< Browse my computer for driver software

Locate and install driver software manually.

... This leads to the window in

Cancel
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The driver is available within the Quartus Il software. Hence, click Browse my computer for device software to

!; lriver Software - Altera USB-Blaster I (System Console interface) ﬁ

Browse for driver software on your computer

get to Figure 1-6.

Search for driver software in this location:

Cialtera\14.1\quartus\drivers\usb-blaster-ii v Browse...

[¥] Include subfolders

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

,

Figure 1-6 Specify the location of the driver

Now, click Browse to get to the pop-up box in Figure 1-7 Find the desired driver, which is at
location C:\altera\14.1\quartus\drivers\usb-blaster-ii. Click OK and then upon returning to Figure
1-6.click Next.

Browse For Folder u u

Select the folder that contains drivers for your hardware.

> ) binbd a
> common

> | U cusp K
4 | drivers T

L

J sentinel

J usb-blaster
| ush-blaster-ii

J wedrvr
< | 1

Folder: usb-blaster-i

Figure 1-7 Browse to find the location

The driver will now be installed as indicated in Figure 1-8 Click close and you can start using the
DEO-Nano-SoC board.
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- — l&_J
. —
& L Update Driver Software - Altera USB-Elaster I (Unconfigured)

Windows has successfully updated your driver software
‘Windows has finished installing the driver software for this device:

Altera USB-Blaster I (Uncenfigured)

o

Close

Figure 1-8 The driver is installed

1.3 What You Will Learn

In this tutorial you will perform the following tasks:

Create a design that causes LEDs on the development board to blink at a speed that is controlled by
an input key — This design is easy to create and gives you visual feedback that the design works.
Of course, you can use your DEO-Nano-SoC board to run other designs as well. For the LED design,
you will write Verilog HDL code for a simple 32-bit counter, add a phase-locked loop (PLL)
megafunction as the clock source, and add a 2-input multiplexer megafunction. When the design is
running on the board, you can press an input switch to multiplex the counter bits that drive the
output LEDs.

Becoming familiar with Quartus Il design tools—This tutorial will not make you an expert, but at
the end, you will understand basic concepts about Quartus Il projects, such as entering a design
using a schematic editor and HDL, compiling your design, and downloading it into the FPGA on
your DEO-Nano-SoC development board.

Develop a foundation to learn more about FPGAs — For example, you can create and download
digital signal processing (DSP) functions onto a single chip, or build a multi-processor system, or
create anything else you can imagine all on the same chip. You don’t have to scour data books to
find the perfect logic device or create your own ASIC. All you need is your computer, your
imagination, and an DEO-Nano-SoC FPGA development board.
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Chapter 2
Assign The Device

You begin this tutorial by creating a new Quartus Il project. A project is a set of files that maintain
information about your FPGA design. The Quartus Il Settings File (.qsf) and Quartus Il Project File
(.gpf) files are the primary files in a Quartus Il project. To compile a design or make pin
assignments, you must first create a project.

2.1 Assign The Device

1. Inthe Quartus Il software, select File > New Project Wizard. The Introduction page opens. See
Figure 2-1.

&4 Mew Project Wizard @

Introduction

The Meww Project Wizard helps wou create a new project and preliminary project settings, including the Following:

Project name and directory

Mame of the top-level design entity
Project files and libraries

Target device Family and device
ED bool setkings

You can change the settings for an existing project and specify additional project-wide settings with the Settings command {Assignments menu). You can use
the warious pages of the Settings dialog box bo add functionality to the project.

LR R

Don't show me this introduction again

< Back Fimish Cancel | | Help

Figure 2-1 New Project Wizard introduction
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2. Click Next.
3. Enter the following information about your project:

a. What is the working directory for this project? Enter a directory in which you will store your
Quiartus Il project files for this design.

b. For example, C:\My_design\my_first_fpga.

c. File names, project names, and directories in the Quartus 11 software cannot contain spaces.

d. What is the name of this project? Type my_first_fpga.

e. What is the name of the top-level design entity for this project? Type my_first_fpga. See
Figure 2-2.

&4 Mews Project Wizard @
Directory, Name, Top-Level Entity [page 1 of 5]
‘What is the working directory For this project?
Ci /My _designfmy_first_fpga =
What is the name of this project?
ey _First_Fpgal =
What is the name of the top-level design entity Faor this project? This name is case sensitive and must exactly match the entity name in the design File.
m_First_fpga i
Use Existing Project Settings...
| < Back | [ Mext = ] | Finish | | Cancel | | Help
Figure 2-2 Project information
f. Click Next.
DEO-Nano-SoC www. terasic.com
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g. You will assign a specific FPGA device to the design and make pin assignments. See Figure
2-3.

Select the family and device you want to target for compilation.
‘fou can install additional device support with the Install Devices command on the Toals menu.

To determine the version of the Quartus II software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in 'Available devices' list
Family: ledone W (E/GX/GT/SX/SE/ST) - ] Package: [nny - ]
Devices: [MI v] Fin count: [.ﬁny v]
Core Speed grade: [nny - ]

Target device
Mame filter:
Auto device selected by the Fitter

_ | sh d d devi
@ Specific device selected in "Available devices' list O BVanced devices

Other: n/a Device and Pin Options. .

Available devices:

MName Core Voltage ALMs User If0s GXB Channel PMA GXB Channel PCS PC(Iel =
SCSEMAZUZ3CE 1.1V 9430 314 0 4] 1]
SCSEMAZU23CT 1.1V 9430 314 0 4] 1]
SCSEMAZUZ23CE 1.1V 9430 314 0 [¥] [i]
SCSEMAZUZ3IT 1.1V 9430 314 0 a 0
SCSEMA4UZIAT 1.1V 15880 0 a 1]
___E-
SCSEMA4UZICT 1.1V 15880 314 0 a i]
SCSEMA4UZ3CE 1.1V 15880 314 o] o] i]
SCSEMA4UZ3IT 1.1V 15880 314 o] [u] i] N
SCSEMASF31AY 1.1V 32070 457 0 4] a I_I
SCSEMASF31CE 1.1V 32070 457 0 4] 1]
SCSEMASF31CT 1.1V 32070 457 0 [¥] [i] -
1 T | 3

Migration Devices... | 0 migration devices selected

Figure 2-3 Specify the Device Example

h. Click Finish.

4.  When prompted, choose Yes to create the my_first_fpga project directory. You just created
your first Quartus 11 FPGA project. See Figure 2-4.
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View Project Assignments Processing  Tools  Window

File  Edit

Entity
Ay cydone v: SCSEMA4U23C6

> BB my_first_foga S

« L n
A vierarchy | [ElFes | & Designunits

[Tasks

5
L Components | 7 4 b

PEx

Flow: | Compiation ~ ] [customize... |

Task ] Time
4 » Compie Design
> B Analysis & Synthesis
B Fitter (Place & Route)
B Assembler (Generate programming files)
> B TimeQuest Timing Analysis
I B EDA Netiist Writer
Ui Program Device (Open Programmer)

Hep 5
ErEEEIREE TR e -
Project Navigator 18 x
Q x

“ QO rZ Q0 R 9P L6 D

Search altera,com

e

Catalog ax

a

QUARTUS"II

Version 14.1

D View Quartus Il
Information

@ Documentation

Q,

2 Tnstalled P
4 Project Directory
No Selection Available

4 Library

[» Basic Functions
DsP
Interface Protocols
Low Power

Memory Interfaces and Controllers

v v v ww

Processors and Peripherals
@ search for Partner IP

@ Notification Center I/—M' S

g @ @ P <<Searchz>
1

Type ID

Message

Messages

«
System f\ Processi
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Chapter 3
Design Entry

3.1 Add a PLL Megafunction

This section describes How to Add a PLL Megafunction

In the design entry step you create a schematic or Block Design File (.bdf) that is the top-level
design. You will add library of parameterized modules (LPM) functions and use Verilog HDL code
to add a logic block. When creating your own designs, you can choose any of these methods or a
combination of them.

1. Choose File > New > Block Diagram/Schematic File (see Figure 3-1 to create a new file,
Block1.bdf, which you will save as the top-level design.

&4 New |

Mew Quartus IT Project

4 Design Files
AHDL File
Block DiagramfSchematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Td Script File
Verilog HOL File

I VHDL File

4 Memory Files
Hexadedmal (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
University Program VWF

4 QOther Files
AHDL Include File
Block Symbal File
Chain Description File
Synopsys Design Constraints File
Text File

[ Ok ][ Cancel ][ Help

Figure 3-1 New BDF

2. Click OK.
DEO-Nano-SoC 11 www. terasic.com
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3. Choose File > Save As and enter the following information.

e File name: my_first_fpga
e Save as type: Block Diagram/Schematic File (*.bdf)

4. Click Save. The new design file appears in the Block Editor (see Figure 3-2).

& Quartus [1 64-Bit - C:/My_design/my_first foge/my_first fpga - my_first fega — —— — ——

Fie Edt View Project Assignments Processing Tools Window Help 5 S ®

DEHE ban e b @Y YL 0 rVROTHEO DA 0 9

Project Navigator 7ax|[ @ my_frst_fogaubidf* o — =

= ¥ BEAYACE-OIIINNNOON Y4l @ a9 e a X =
Entity

“| 4 2 mstaled P
4 Project Directory
No Selection Available

(&% Cydone v: SCSEMA9U23CE
> BB my_first_fpga <
4 Library
> Basic Functions
> DSP

> Interface Protocols
> Low Power

> Memary Interfaces and Contrallers

L D b > Processors and Peripherals
/8 Hierarchy @ Fies | o DesignUnits | ' IP Components | @‘TM @ search forariner 1P
— — i i i i i
[Flow: [Campilation ~ | [customize... |
Task ) Time

4 P Compile Design
> b Analysis & Synthesis
> W Fitter (Place &Route)

> B Assembler (Generate programming fles)

[ i b F Add...

<
@ E] T <<searchs> v
e

Type 1D Messag

Hmx

Messages

289,453 0%  00:00:00

Figure 3-2 Bank BDF
5.  Add HDL code to the blank block diagram by choosing File > New > Verilog HDL File.
6. Click OK to create a new file Verilogl.v, which you will save as simple_counter.v.
7. Select File > Save As and enter the following information (see Figure 3-3).

e File name: simple_counter.v
e Save as type: Verilog HDL File (*.v, *.vlg, *.verilog)

DEO-Nano-SoC 12 www. terasic.com
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Save As @
Save in: | , my_first_fpga j Iff( E-
= Marme : = | Date maodified Type Size
A b5
e | db 5/7/2013 1030 A4 File folder
Recent Places
Desktop
w=a
Libraries
Computer
a
Metwark
File name: :s:irn a2 counter. v j Save |
Save as ype: |Verilog HDL Files [*.v " vlg * verilog) ﬂ Cancel

[v Addfile to curent project

Figure 3-3 Saving the Verilog HDL file

The resulting empty file is ready for you to enter the Verilog HDL code.

8. Type the following Verilog HDL code into the blank simple_counter.v file (see Figure 3-4 The

Verilog File of simple_counter.v).

/11t has a single clock input and a 32-bit output port

module simple_counter (
CLOCK _50,

counter_out

input CLOCK 50;
output [31:0] counter_out;

reg [31:0] counter_out;

always @ (posedge CLOCK_50)

// on positive clock edge

DEO-Nano-SoC 13
My First FPGA

lmaslc

www.terasic.com

www. terasic.com
May 18, 2015


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

Maslc

begin

end

endmodule

counter_out <=#1 counter_out + 1;// increment counter

/I end of module counter

€4 Quartus I1 64-Bit - Cy/My_design/my_first_foga/my_first foga - my._first foga [=[=@] = |
= h altera.com (]
DS H@ % LB 9 o (st Y e P OO S QP Ale @
Project Navigator BEX| | my fst fpgabar | # Verilog.v | & smpe_countervy [ | 1P Catalog 13
“ X Banc s 10 naf 08 A2 | 2EEE a X =
Entity 1 It n le clock input and a 32-bit output port | a A e
2
A cyclone v: SCSEMA4U23CE 5 Brmodule simple_sounter ( 4 Project Directory
> B my_first_fpga 4B 4 CLOCK_50,
5 counter_out
6 |H
7
8 input CLOCK_50
El output [31:0] counter out:
10 reg [31:0] counter_out;
“ . + Memary Interfaces and Controllers
12 always @ (posedge CLOCK_50) - A Perihersk
W — 13 8 begin rocessors and Peripherals
= = 14 counter_out <= #1 counter out + 1; @ search for Partner 1P
4> Herarchy | [E|Fies | o Desgnunits | “%, IP Components | i 4|p)| 1 and = =
Tasks I8 x 16 endmodule
17
Flow: [Compiation ~ | [customize... |
Task 0] Time

4 P Compile Design
> B Analysis & Synthesis

> > EDA Netl friter
W program Device (Open Programmer)

@ E] P <<search>>

X

Type ID Message

=/\_system /\_Processin a J

0%  00:00:00

Figure 3-4 The Verilog File of simple_counter.v

9. Save the file by choosing File > Save, pressing Ctrl + s, or by clicking the floppy disk icon.

10. Choose File > Create/Update > Create Symbol Files for Current File to convert the
simple_counter.v file to a Symbol File (.sym).You use this Symbol File to add the HDL code to

your BDF schematic.

The Quartus Il software creates a Symbol File and displays a message (see Figure 3-5).

DEO-Nano-SoC
My First FPGA
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%‘._1 Quartus I @

Create Symbol File was successful

Figure 3-5 Create Symbol File was Successful
11. Click OK.
12. To add the simple_counter.v symbol to the top-level design, click the my_first_fpga.bdf tab.
13. Insert Symbol or click Add Symbol on the toolbar.
14. Double-click the Project directory to expand it.
15. Select the newly created simple counter symbol by clicking it’s icon.

You can also double-click in a blank area of the BDF to open the Symbol dialog box (see Figure
3-6).

5 Symbol

Libraries:

4 [ Project
£ counter_bus_mux
£ pl
£} simple_counter
> B3 difaltera162/13. 1/quartus flibraries/

CLOCH_50 counter_out[31..0]

4 [

Mame:

simple_counter [:]
[7] repeat-nsert mode

[ Insert symbol as blodk

Launch MegaWizard Plug-In

[ MegaWizard Plug-In Manager...

Figure 3-6 Adding the Symbol to the BDF
16. Click OK.

17.  Move the cursor to the BDF grid; the symbol image moves with the cursor. Click to place the
simple_counter symbol onto the BDF. You can move the block after placing it by simply clicking

DEO-Nano-SoC 15 www. terasic.com
aslC My First FPGA May 18, 2015

www.terasic.com


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

Maslc

and dragging it to where you want it and releasing the mouse button to place it. See Figure 3-7.

@4 Quartus I 64-Bit - C/My_design/my_first fpga/my first fpga - my first fpga = | O |
Fle Edit View Project Assignments Processng Tools Window Help 5 Search altera.com (]
DEEd ¥R einbe. Y /¢ 0 ron 00 d2 P2 o
Praject Navigator 18 x ‘ = my_first_foga,bf* RE — IP Catalog 18 x
X BEAGADE-O0 11 INN{SOON N h3aidE 8RBl X =
Entity Lo o : “ | 4 2B Installed 1P
/By Cydone V: SCSEMA4U23CE 4 Project Directory
» B my_first_fga S s
= 4 Library
> Basic Functions
> DsSp
» Interface Protocols
4 [ 13
— = > Low Power
Ay Herarchy | ] Files | ' Design Urits %, P Components | o 4| . Memory Interfaces and Controlers
Tasks TEx > Processors and Peripherals
Fiow: |Complation +] [costomizens) @ search for Partner P
Task 0} Time

4 P Compile Design -
» B Analysis & Synthesis 1
> B Fitter (Place & Route)

> P Assembler (Generate programming fiies) L lIliIiiiiiiiiiiiiiiiiIiiiIIiiiIIiiIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiife
nL » i Add...

> B TimeQuest Timing Anzlysis | Kl

MO E W ¥ < v

Type ID Message

x

£m

Messages

A
System /\ Processing

322,260 0% 00:00:00

Figure 3-7 Placing the simple_counter symbol

18.  Press the Esc key or click an empty place on the schematic grid to cancel placing further
instances of this symbol.

19.  Save your project regularly.
Using Quartus Add a PLL Megafunction.

Megafunctions, such as the ones available in the LPM, are pre-designed modules that you can use in
FPGA designs. These Altera-provided megafunctions are optimized for speed, area, and device
family. You can increase efficiency by using a megafunction instead of writing the function yourself.
Altera also provides more complex functions, called MegaCore functions, which you can evaluate
for free but require a license file for use in production designs. This tutorial design uses a PLL clock
source to drive a simple counter. A PLL uses the on-board oscillator (DEO-Nano-SoC Board is 50
MHz) to create a constant clock frequency as the input to the counter. To create the clock source,
you will add a pre-built LPM megafunction named Altera PLL.

1. Choose Edit > Insert Symbol or click Add Symbol on the toolbar---

2. Tools > Click IP Catalog (see Figure 3-8).

DEO-Nano-SoC 16 www. terasic.com
Www_tezi_[ncm My First FPGA May 18, 2015



http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

3.

4.

a.

b.

C.
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Selecting IP Catalog.

Tools

@ Fy

&

Eni B

N B L€

Window Help 5/
Run Simulation Toal
Launch Simulation Library Compiler

Launch Design Space Explorer 1T
TimeQuest Timing Analyzer
Advisars

Chip Planner
Design Partition Planner

Netlist Viewers

SignalTap II Logic Analyzer
In-System Memory Content Editor
Logic Analyzer Interface Editor
In-5ystem Sources and Probes Editor
SignalProbe Fins. ..

Programmer

JTAG Chain Debugger

Fault Injection Debugger

System Debugging Tools

IF Catalog

Nios II Software Build Tools for Edipse
Qsys

Td Scripts...

Customize...

Options...

License Setup...

Install Devices...

Figure 3-8 Tools Icon

Selection Altera PLL in the Library/Clocks/PLL , click "+Add" bar. See Figure 3-9

Click OK.

DEO-Nano-SoC
asiC My First FPGA

Under IP variation file type, Choose Verilog HDL.

17

Under IP variation file, Type pll.v at the end of the already create directory name.
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Figure 3-9

IP Catalog Selections

In the Altera PLL windows, make the following selections (see Figure 3-10).

The device speed grade choose 6 for DEO-Nano-SoC.

Set the frequency of the refclk input 50 MHz.
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R Altera PLL - pll (== EcR)
%R AtteraPLL

= 4 1
[* Block Diagram ] ¥| [ General r Clock Switchover |/ Cascading r MIF Streaming r Settings rAdvanced Parameters | 3

:| | Device Speed Grads: B .
| PLL Mode: y
ol : Integer-MPLL  [&
;| | Reterence Clock Frequency: (500 MHz
petck Lo ctock| UG ||| Operation Made: m

eset cw conduitj—2SHEdy ) Enable locked output port

attera_pll : [ Enahle physical output clock parameters

|~ Output Clocks |

Mutmier OF Clocks:

[~ outciko |
Desired Freguency: M MHz
Actual Fregquency: 100.0 MHz .
Phase Shift units: ps .
Phase Shift: o ks
Actual Phase Shitt ﬁ

@ Infa: pll: The legal reference clock frequency is 5.0 MHz. 5000 MHz
@ Info; pll: Akle to implement PLL with user settings

Figure 3-10 Selections of Altera PLL windows

6. Turn off the Enable locked output port option on IP windows. As you turn it off, pin disappear
from the PLL block’s graphical preview. See Figure 3-11 for an example.

S Altera PLL - pll

“ Altera PLL

Megotors’ attera_pll

|' Block Diagram

R

General r Clock Switchover r Cazcading r MIF Stresming r Settings r Acvanced Parameters |

[ Show signals Device Speed Grade:

ol | | PLL Mode: Integer-HPLL [
Reference Clack Frequency: |spn MHz
L= PPN I 1= Operation Mode norl .

‘Lmse{ [] Enable locked output port
attera_pll [ Enahble phrysical output clock parameters
|| [ outpurt Clocks |

Murmber Of Clocks:

[~ outciko |
Desired Frequency: 100.0 MHz
Actual Frequency: @l
Phase Shift units: ps .
Phase Shift C s
Actual Phaze Shitt Ops .
Duty Cycle: D k)

@ Infa: pll: The legal reference clock frequency is 5.0 MHzZ.800.0 MHz
@ Info: pll: Able to implement PLL with user settings

Figure 3-11 Selections of Altera PLL windows

7. Then, make the following selection (see Figure 3-12).
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In Desired Frequency, keyin 5.0 .

"\ Altera PLL - pll

(= |5 ](mss]
& AteraPLL
altera_pll Documentation
Mogoters
- 1
|' Block Diagram | ’j General Clock Switchover Cascading MIF Streaming Settings [ Advanced Parameters ¥
E
W Fiy Saivets Device Speed Grade: 5 . :
A | PLL Mode: gy
ol : nteger-MPLL [
i) | Reference Clock Frequency: |50 0 MHz
p=tck clock (—2uteliCy || operation Made: normal v
‘_eset Ireset [ Enable locked output port
altera_pll g ["] Enable physical output clock parameters
‘|| [ output Clocks |
; Mumber Of Clocks:
[~ outclko |
Desited Frequency: 50 MHz
Actual Frecuency: 50 MHz .
Phase Shift units: ps .
Phase Shift ) ps
Actusl Phaze Shift: Ops .
Dty Cycle: ) %
(@ Info: pli: The legal reference clock frequency s 5.0 MHZ..00.0 MHz
@ Infio: pll: &kle to implement PLL with user seftings

Figure 3-12 Selections of Altera PLL windows

8. Click Finish. It leads to Figure 3-13.Click Exit.

——

Generation - Altera PLL 141

—

.
A

= Ellg

(5] Info
(5] Info
(&) Info
(5] Info
(5 Info
(5] Info
(5] Info
) Info
(5 Info
i) Info
<

cpll: Variation language : Verilog
pll: Qutput directory - C:\My_designimy_first_fpga

- pll: Generating synthesizable HDL design

s Generating altera_pll "pll” for QUARTUS_SYMNTH
C"pll” instantiated altera_pll “pll”

- Done "pll” with 2 modules, 3 files

- pll: Generating simulation model

- Generating altera_pll "pll” for SIM_VERILOG
s Generating simgen model

pll: Generating variation file C:\My_designimy_first_fpoaipllyv

.Y

Generation Successful

Exit

Cancel

Figure 3-13 PLL Generation

9. The Symbol window opens, showing the newly created PLL megafunction. See Figure 3-14.
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f’ﬂ Sembaol

Libraries:

4 [ Project

£} simple_courker
» B2 cifaltera)13.0/quartuslibraries]

refelk outclko
refclk outclk 0
- - o reset
Do fest
Marne: -

atera_pl| . .

A 1
simple_counter B
[7] Repeat-insert mode
[ Insert symbol as black

Launch Megawizard Plug-In

[ Mega'iwizard Plug-In Manager. ..

ok ] [ Cancel

Figure 3-14 PLL Symbol

10. Click OK and place the pll symbol onto the BDF to the left of the simple_counter symbol. You
can move the symbols around by holding down the left mouse button, helping you ensure that they
line up properly. See Figure 3-15.

DEQ

Search altera.com @
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Entty T T I I I e 1 -

PPE OO0 R QP A OR

oy Cydlone V: SCSEMA4U23C6
5 my_first_fpga %8

El

— 5 counter_out[31..1)
refclk joutclk0

L1 components [ G 4[p|[: i S o prefck sach 2uic 0

reset)

A Herarchy | El Fles | o pesinuns

i REIE3)| o et

Fiow: [Compiation ~ | [ customize... | _— atera_p

Task (0] Time:
4 [ Compile Design
> B Analysis & Synihesis
> I Fitter (Place & Route)
> B Assembler (Generate programming files)
> B TimeQuest Timing Analysis
> W EDA Netlist Writer L. L. L. L. L. L. L. .. .. .. . PR e

I

b proaram Device (Open Programmer)

@ [E P <<Search>> v

Type ID

amx

Message

»

Messages

System /\ Processing /

754,279 0%  00:00:00

Figure 3-15 Place the PLL Symbol
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11.  Move the mouse so that the cursor (also called the selection tool) is over the pll symbol’s
outclk_0 output pin. The orthogonal node tool (cross-hair) icon appears.

12.  Click and drag a bus line from the outclk_0 output to the simple_counter clock input. This
action ties the pll output to the simple_counter input (see Figure 3-16).

p” ...............................................

refilk outelk | - - - - ¢ SImple_tounter Lol
L‘iﬁllk_cm G|k_lll.ﬂEJJiEl ...... CLOCK_ S0 GDUI‘ItEF_DLI‘t[S1I:|]'—
reset SRS P
st Cacet S P
inst1 atera pll| L

Figure 3-16 Draw a Bus Line connect pll outclk_0 port to simple_counter CLOCK_50 port

13.  Add an input pin and an output bus with the following steps:

a. Choose Edit > Insert Symbol.

b.  Under Libraries, select quartus/libraries > primitives > pin >input. See Figure 3-17

c. Click OK

If you need more room to place symbols, you can use the vertical and horizontal scroll bars at the
edges of the BDF window to view more drawing space.
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,f’ﬂ Symbol

Libraries:

+ €1 others -
4 [= primitives
+ €3 buffer
- 23 logic
+ €3 other
4 [ pin
£ bidir
£ input
£ oukput
- 23 storage =

4 [}

m

Marme:
input U
[7] Repeat-insert mode

Insert symbal as block

Launch Meqgahifizard Plug-In

I Megaiwizard Plug-In Manager. ..

ok ] [ Cancel

Figure 3-17 Input pin symbol
d. Place the new pin onto the BDF so that it is touching the input to the pll symbol.

e. Use the mouse to click and drag the new input pin to the left; notice that the ports remain
connected as shown in Figure 3-18.

otk

ol ozl —{ cLock 50 courter_out[31..0] _‘C -------

i inst

attera_pll| | 00

Figure 3-18 Connecting the PLL symbol and Input port

f.  Change the pin name by double-clicking pin_name and typing CLOCK_50 (see Figure 3-19).
This name correlates to the oscillator clock that is connected to the FPGA.

g. Using the Orthogonal Bus tool, draw a bus line connected on one side to the simple_counter
output port, and leave the other end unconnected at about 4 to 8 grid spaces to the right of the
simple_counter.
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f’ﬂ Pin Properties @
General | Farmat

To create multiple pins, enter a name in &HOL bus notation
(Far example: "name[3..0]"), or enter a comma-seperated lisk of names,

Fin namels): CLOCK_S0

Default value: ['-.-'CC - ]

I ][ Cancel ][ Help

Figure 3-19 Change the input port name
h.  Right-click the new output bus line and choose Properties.

i.  Using the Orthogonal Bus tool, draw a bus line connected on one side to the simple_counter
output port, and leave the other end unconnected at about 6 to 8 grid spaces to the right of the
simple_counter.

j. Type counter [31..0] as the bus name (see Figure 3-20). The notation [X..Y] is the Quartus 1l
method for specifying the bus width in BDF schematics, where X is the most significant bit (MSB)
and Y is the least significant bit (LSB).

k. Click OK. Figure 3-21 shows the BDF.
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%.-n Bus Properties ﬁ

General Fank Format

Mame:  counter [31..0]]

Hide name in block, design File,

l I I [ Cancel

J

Help

Figure 3-20 Change the output BUS name
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3.2 Add a Multiplexer

This design uses a multiplexer to route the simple_counter output to the LED pins on the
DEO-Nano-SoC development board. You will use the MegaWizard Plug-In Manager to add the
multiplexer, lpom_mux. The design multiplexes two variations of the counter bus to four LEDs on
the DEO-Nano-SoC development board.

1. Choose Edit > Insert Symbol.

2. Click Megawizard Plug-in Manager.

3. Click Next.

4. Choose Installed Plug-Ins > Gates > LPM_MUX.

5.  Choose the device family that corresponds to the device on the development board you are
using, choose Verilog HDL as the output file type, and name the output file counter_bus_mux.v (see
Figure 3-22).

6. Click OK.

TG o ot TR g e By e eigs - riybiret o == = |
® Search altera.com
DESEHP 4@ 9 (mishe . MY " $99 0 ren 90d2 @9 i
Project Navigator 48 x ’—C‘Q my_first_fpga.bdf* [x] ‘
a X BRACADE-O11ANNOON Y FPEG 24 B 4§ ail9 o
Entity x| Q X =

& Cyclone V: SCSEMA4U23Cs
4 2 Installed P

> first.
st foga 4 Project Directory
No Selection Avalable
pIl
R - - - refclic butciko
e s sk o auter o ook com
Lo o - o resst
st
€4 Save IP Variation ] 4 Miscelaneous
[y tierarchy | ElFles | o DesignUnits | *{ 1P Components | i 4| b I S— e | B %, ALTECC
Tasks Tax c ian/my_first_foga/counter_bus_muk.v &= —c— N
i P variation fi Cancel b < FIFO
Flows Compiation + | [customizerr | 110 o file type: I <
© vHDL
P s — : 5, LPM_CLSHIFT
@ Verilog B o hY

4 b Compil Design LPM_CONSTANT
 LPM

%, LPM_DECODE
Y

%, LPM_MUX

%, LPM_SHIFTREG

> I Analysis & Synthesis
> P Fitter (Place &Route)
> B Assembler (Generate programming files)

> P TimeQuest Timing Analysis
> B EDA Netiist Writer

A Program Device (Open Programmer) g = 2
v
< »
; @ m P <<Searchz> v
Hrype 1D Message
g\. System J\_Processin a [ -
Figure 3-22 Selecting Ipm_mux
7. Under How many ‘data’ inputs do you want? Select 2 inputs (default).
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8. Under how wide should the 'data’ input and 'result’ output be? Select 4 (see Figure 3-23).

% MegaWizard Plug-In Manager [page 1of3]

— |2 S

Parameter
Settings

Currently selected device family: | yone v

datalx3. 0] Match project/default

datalx=[3..0]

How many 'data’ inputs do you want? 2 -

How wide should the 'data’ input and 4 - bits
the result’ output buses be?

Do you want to pipeline the multiplexer?
| -
(") Yes, I want an output latency of | 1 dock cydes

(| Create an asynchronous Clear input

Create a Clodk Enable input

Resource Uzage

1 Ipm_muzx | Cancel || « Back || Mext = || Finish |

Figure 3-23 [pm_mux settings
9. Click Next.

10. Click Finish twice. The Symbol window appears (see Figure 3-24 for an example).
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4 Symbol =

Libraries:

4 [ Project o

ﬂ' pll

BF simple_counter ||

& clabmasafamatraies) | |1

..................... cuunter_hus_mux

..................... datad =[3..0]

S £ - 2211 = Ll

. ' SRR I BRI
Name: R SRR
input Lo |
] Repect-ser mode R AN e R LR S
Insert symbol s block SR

Launch MegaWizard Plug-In D

[ Megatizord P I Monager.. SEEEEEEEEEEE TS EEEE ST AR EEEEEEEEEEEEEEEEEE R EEEE SRR RS

Figure 3-24 Ipm_mux Symbol
11. Click OK

12. Place the counter_bus_mux symbol below the existing symbols on the BDF. See Figure 3-25

pll
reftlk putclk |~ : :
refolk Yo ol el 0 | crackso counter_out[31..0] M S
reset : 5
bt resst
inst1 attera_pll

.............................................. CUUnTEr_hUS_mU}{

.............................................. datad X[BD]

LI I (e ]

I =

Figure 3-25 Place the Ipm_mux symbol
13. Add input buses and output pins to the counter_bus_mux symbol as follows:
a.  Using the Orthogonal Bus tool, draw bus lines from the datalx[3..0] and dataOx|[3..0].

Input ports to about 8 to 12 grid spaces to the left of counter_bus_mux.
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b. Draw a bus line from the result [3..0] output port to about 4 to 8 grid spaces to the right of
counter_bus_mux.

c. Right-click the bus line connected to datalx[3..0] and choose Properties.
d. Name the bus counter[26..23], which selects only those counter output bits to connect to
the four bits of the datalx input.

Because the input busses to counter_bus mux have the same names as the output bus from
simple_counter, (counter[x .. y]) the Quartus Il software knows to connect these busses.

e. Click OK.
f.  Right-click the bus line connected to dataOx[3..0] and choose Properties.

g. Name the bus counter [24..21], which selects only those counter output bits to connect to the
four bits of the datalx input.

h. Click OK. Figure 3-26 shows the renamed buses.

Cliiiiiiiiiiiiiioiiio| countersbus_musc oo
L et | statads 01 [ L
........ % alx] ] rESUH[S..D];'""’ES"'"'[&"D]""""""
.......... counter [X4 1] 0L chata0z=[3.01] : -
........ o
I = /]@ STl

Figure 3-26 Renamed counter_bus_mux Bus Lines
If you have not done so yet, have your project file before continuing.
14. Choose Edit > Insert Symbol.

15. Under Libraries, double-click quartus/libraries/ > primitives > pin > output (see Figure 3-27).
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fﬂ Symbol

Libraries:

» €2 others -
4 = primitives
» € buffer
> 23 logic
» B0 other
4 & pin
£ hidir
£ input
£F aukput
» 3 storage -

m

Fl [}

Mame;
oukpuk E
7] Repeat-insert mode
Insert symbol as block

Launch Megatwizard Plug-In

’ Megakvizard Plug-In Manager. ..

o] 4 ] ’ Cancel

Figure 3-27 choose an output pin
16. Click OK.
17. Place this output pin so that it connects to the counter_bus_mux result [3..0] bus output line.

18. Rename the output pin as LED [3..0] as described in steps 13 ¢ and d. (see Figure 3-28).

COURtEr_BUS_Muc
data‘lx[S..El]\W EZZZZZZﬁhﬁﬁlﬁ:l::::::::::::::: """""""""
Geta0a5 0| rESL,IHZ[S..EI]; ..... result[3.. ]"'ﬁ'U'T'ﬁUT ................... CER ]

T - L
inst? 1“" R

Figure 3-28 Rename the output pin
19. Attach an input pin to the multiplexer select line using an input pin:
a. Choose Edit > Insert Symbol.
b.  Under Libraries, double-click quartus/libraries/ > primitives > pin > input.
c. Click OK.

20. Place this input pin below counter_bus_mux.
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21. Connect the input pin to the counter_bus_mux sel pin.
22. Rename the input pin as KEY [0].
23. Place another input pin at the left of the pll and rename it as KEY[1] (see Figure 3-29) .

24. Choose Edit > Insert Symbol.
25. Under Libraries, double-click quartus/libraries/ > primitives >logic > not (see Figure 3-30).
26. Click OK.

27. Place this not pin so that it connects to KEY[1] and the pll rst (see Figure 3-31).

pll

refclk outclkD |
" lrefolk ok cfoutclk O

counter_out[31..0] 1

reset

counter_bus_mux

" | datatxga o)
.................. == resul3..0]
S e— — dﬂ—l—]'tﬂu“"ug_‘-

nstZ

Figure 3-29 Adding the KEY [1:0] Input Pin
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MName:
naot B
[ Repeat-insert mode

Insert symbal as block

Launch MegaWizard Flug-In

[ MegaWizard Plug-In Manager... | |- - - -

. refclk outclkD | - - -
—refek houtc 0Ly ook 50 counter_out[31..0] =

shters_pll| |

counter_bus_mux

- |datatx]3.0] co
| oatatng3_0)| -tz
o ]

.| inst2

Figure 3-31 Place the not pin

You have finished adding symbols to your design. You can add notes or information to the project
as text using the Text tool on the toolbar (indicated with the A symbol). For example, you can add
the label “OFF = SLOW, ON = FAST” to the KEY [0] input pin and add a project description, such
as “My First FPGA Project.”
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3.3 Assign the Pins

In this section, you will make pin assignments. Before making pin assignments, perform the
following steps:

1. Choose Processing > Start > Start Analysis & Elaboration in preparation for assigning pin
locations.

2. Click OK in the message window that appears after analysis and elaboration completes.

To make pin assignments that correlate to the KEY[1:0] and CLOCK_50 input pins and LED[3..0]
output pin, perform the following steps:

1. Choose Assignments > Pin Planner,which opens the Pin Planner, a spreadsheet-like table of
specific pin assignments. The Pin Planner shows the design’s six pins. See Figure 3-32.

. - — —- -
% Pin Planner - C:;/DEQO-NANO-SOC_my _first_fpga/my_first_fpga/my_first_fpga - my_first_foga TS ‘:“‘Eh
File Edit View Processing Tools Window Help 5 Search altera.com @
@ Report 2@ x| Top View- Wire Bond
[IT_] Report not available Cydone V- 5CSEMA4U23C6
=Y
Y,
A
)
]
N
5]
&
; l Groups Report
i3} |[Tasks 28] &
4 | Early Pin Planning -
& E . [ Q §§
g ] Early Pin Planning... 8 ;AV‘; A ®, 9
Py # Run I/O Assignment Analysis ()®8®®§ é$®§® ®® 8’
=] Export Pin Assignments.... yl ey @D OODOG e @@A@@@@ © @@A@ =
£ 1 [ = ] > = 9 E=
] Named: = - (&) Edit: ¢ | |Filter:{Pins: all ~
ic
= g Node Name Direction Location 1/O Bank VREF Group 1/O Standard Reserved Current Strength Slew Rate Differential Pair|
m ; & CLOCK_50 Unknown 3.3-VLVTTL 16mA (default)
P KEY[1] Unknown 3.3-VLVTTL 16mA (default)
‘ & KEY[0] Unknown 3.3-VLVTTL 16mA (default)
} & LED[3] Unknown 3.3-VLVTTL 16mA (default)
‘ & LED[2] Unknown 3.3-VLVTTL 16mA (default)
‘ & LED[1] Unknown 3.3-VLVTTL 16mA (default)
||® LeD[O] Unknown 3.3-VLVTTL 16mA (default)
2| <<new node>>
&
? < [ | »
| 0% 00:00:00

Figure 3-32 Pin Planner Example

2. In the Location column next to each of the seven node names, add the coordinates (pin
numbers) as shown in Table 3-1 for the actual values to use with your DEO-Nano-SoC board.
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Table 3-1 Pin Information Setting

Pin Name FPGA Pin Location
CLOCK_50 V11

KEY[1] AH16

KEY[O] AH17

LEDI[3] V15

LED[2] V16

LEDJ[1] AA24

LED[O] W15

Double-click in the Location column for any of the seven pins to open a drop-down list and type the
location shown in the table alternatively, you can select the pin from a drop-down list. For example,
if you type F1 and press the Enter key, the Quartus 11 software fills in the full PIN_F1 location name
for you. The software also keeps track of corresponding FPGA data such as the 1/0 bank and VREF
Group. Each bank has a distinct color, which corresponds to the top-view wire bond drawing in the
upper right window. See Figure 3-33.

& pin Pl C/My_desi first first first E=ToT >
& oo =

File Edit View Processing Tools Window Help 5 Search altera,com ®
@ [Report rEx Top View- Wire Bond
Report not available Cydone V-SCSEMA4U23C6
2
V)
I
9
o
A
| XXVAN
X - ONOASYL
1= AYAVAVZAVAS f (310
= X XN A v ¢ 3
# roups Report
(g [Task = AR ©E°
P =l h
Tasks : A8 x| VDO 5 TASOA/ 1 'A
|| B 4 |7 Early Pin Planning 23 ') @ ACAD n
! ’32 ] Early Pin Planning... (4 ViV >§() 216)
] e A e’e iv OAG) =
' ® # Run I/O Assignment Analysis % OOAR B0
OO =
i ;ﬁ [ Export Pin Assignments... S D e “ %S ol
1 PinFinder... - ) ®©A°°® @mﬂs :e'?n g
' L3 1 i p— I | O | e
i ; Named: * - Edit:| 2¢ /'| }ﬁlter:[Pins:all =
l =>- q Node Name Direction Location 10 Bank VREF Group 1/O Standard Reserved Current Strength Slew Rate Differential Pair
=
| () 2 CLOCK_S50 Unknown PIN_V11 38 B3B_NO 3.3V LVITL 16mA (default)
& KEY[1] Unknown PIN_AH16 4A B4A_NO 3.3-VLVITL 16mA (default)
& KEY[0] Unknown PIN_AH17 4A B4A_NO 3.3-VLVTTL 16mA (default)
2 LED[3] Unknown PIN_V15 SA B5A_NO 3.3VLVITL 16mA (default)
2 LED[2) Unknown PIN_V16 SA B5A_NO 3.3V LVTTL 16mA (default)
& LED[1] Unknown PIN_AA24 SA BSA_NO 3.3-VLVTTL 16mA (default)
& LED[0] Unknown PIN_W15 SA BSA_NO 3.3-VLVTTL 16mA (default)
E <<new node>>
L=]| « m | »

0% 00:00:00

Figure 3-33 Completed Pin Planning Example

Now, you are finished creating your Quartus 11 design!
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3.4 Create a Default TimeQuest SDC File

Timing settings are critically important for a successful design. For this tutorial you will create a
basic Synopsys Design Constraints File (.sdc) that the Quartus Il TimeQuest Timing Analyzer uses
during design compilation. For more complex designs, you will need to consider the timing
requirements more carefully.

To create an SDC, perform the following steps:

1.  Open the TimeQuest Timing Analyzer by choosing Tools > TimeQuest Timing Analyzer.
2. Choose File > New SDC file. The SDC editor opens.

3. Type the following code into the editor:

create_clock -name "CLOCK 50" -period 20.000ns [get_ports {CLOCK _50}]
derive_pll_clocks

derive_clock_uncertainty

4.  Save this file as my_first_fpga.sdc (see Figure 3-34).

€4 Quartus 1 64-8it - CfMly_design/my_first_foga/my. first_foga - my_first_foga |1 -l " = | 5 )
Fie Edit View Project Assignments Processin g Tools Window Help 5 halt m D
DE @ % 0B 9 o ybetn . [ S$FO PP Q0 MR QP A0
Project Navigator ex| [ my_first._fpga.bdf* ‘ & my_first_fpga.sdc [x] |
a X'm@sho e Bem IS Bny | 2EEE
Entity 1 create clock & "CLOCK 50" -period 20.000ns [get_ports {CLOCK 50}]
Ay Cydone V: 5CSEMA4U23C6 z
B my_first_fpga S a
A vierarchy | (=l Fles | DesignUnits | 1P Comporents | i 4|»
[Tasks pEx
Fiows |Complation - cHsmrEL]
Task o Time -
4 I Compile Design
> B Analysis & Synthesis
> P Fitter (Place &Route)
> B Assembler (Generate programming files)
> B TimeQuest Timing Analysis o ™ o
: ~
]
7
2 System /\_Processin a J
0% 00:00:00
Figure 3-34 Default SDC
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Naming the SDC with the same name as the top-level file except for the .sdc extension causes the
Quartus Il software to using this timing analysis file automatically by default. If you used another
name, you would need to add the SDC to the assignments file list.
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Chapter 4
Compile and Verify Your Design

After creating your design you must compile it. Compilation converts the design into a bitstream
that can be downloaded into the FPGA. The most important output of compilation is an SRAM
Obiject File (.sof), which you use to program the device. The software also generates other report
files that provide information about your code as it compiles.

4.1 Compile Your Design

If you want to store .SOF in memory device (such as flash or EEPROMS), you must first convert
the SOF to a file type specifically for the targeted memory device.

Now that you have created a complete Quartus Il project and entered all assignments, you can
compile the design.

In the Processing menu, choose Start Compilation or click the Play button on the toolbar.
If you are asked to save changes to your BDF, click Yes.

While compiling your design, the Quartus Il software provides useful information about the
compilation (see Figure 4-1).
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] & Quartus I 64-Bit - C:/My_design/my_first_foga/my_first_fpga - my_ﬁrst_Fp-

I Y YN

-:--El-g

/% Cydone V: SCSEMA4U23CE

59 Flow Settings
E Flow Non-Default Global Settings

Quartus II 64-Bit Version
Revision Name

File Edit View Project Assignments Processing Toole  Window Help 5
DS d 450 9o (e I I I I LT L YL
Project Navigator 18 x | =4 my_first_fpga.bdf x| ‘ gk Compilation Report - my_first_fpga [£] g pll.gip x|
) # | [able of Contents EX-
p— % Flow Summary Flow Status Successful - Wed Dec 31 13:43:38 2014

14.1.0 Build 186 12/03/2014 51 Full Version
my_first_fpoa

Search altera.com (]

\D 332140 No Removal paths to report
3 \|> 332146 Worst-case minimum pulse width slack is 1.666
\i> Analyzing Fast 1100mV OC Model
b (j) 332097 The following timing edges are non-unate.

b @ Quartus II 64-Bit TimeQuest Timing Analyzer was successful.

i

0 errors,

0 warnings

3 g@ my_first_fpga ) Top-evel Entity Name my_first_fpga
E= Flow Elapsed Time Family Cydone ¥
=5 Fiow OS Summary Device SCSEMA4U23CE
E| Flowlog Timing Models Final
5 [ Analysis & Synthesis Logic utiization (in ALMs) 16/15,880 (< 1%)
q = o 5 [ Fitter Total registers pri:]
= - . Total pins 7/314(2%)
A Herarchy | E|Fies | F DesgnUnits | 5, TP Components | o 4[» () Fiow Messages Total virtual pins g
= T x| (i Flow Suppressed Messages Total black memory bits 0/2,754,800 (0 %)
& [ Assembler Total D3P Blocks 0/84(0%)
Flow: [Compilation =] [Customize... | | = Timequest Trming Analyzer Total HSSI RX PCSs o
Total HSSI PMA RX Deserializers 0
U [ Time = Total HSSI TX PCSs o
« 4 P compile Design 00:00:48 Total HSSI PMA TX Serializers 0
' b B Analysis & Synthesis 00:00:12 E T°E: PlLs 1/5(20%)
Total DLL: 0/4(0%
v B Fitter (Place &Route) 00:00:22 o s TR
L [ B Assembler (Generate programming files) 00:00:07
& b B TimeQuest Timing Analysis 00:00:07 . -
E A < eSearchss
DO AR E T v
1| Type ID Message -

TimeQuest will assume pos—unate behavior for these edges in the clock network.
(§) 332123 Deriving Clock Uncertainty. Please refer to report_sdc in TimeQuest to see clock uncertainties.

3 \D 332146 Worst-case setup slack is 138.783

3 \D 332146 Worst-case hold slack is 0.177
(i) 332140 No Recovery paths to report
\D 332140 No Removal paths to report

3 \|> 332146 Worst-case minimum pulse width slack is 1.666
\i> 332102 Dezign is not fully consatrained for setup requirements
() 332102 Design is not fully constrained for hold requirements

4 [m]

Messages

() 293000 Quartus II Full Compilation was successful. 0 errors, 2 warnings
Cl
System J\_Processing (123) /

121,683 100%

00:00:48

Figure 4-1 Compilation Message for project

When compilation is complete, the Quartus 1l software displays a message. Click OK to close the

message box.

The Quartus I Messages window displays many messages during compilation. It should not display
any critical warnings; it may display a few warnings that indicate that the device timing information
is preliminary or that some parameters on the 1/O pins used for the LEDs were not set. The software

provides the compilation results in the Compilation Report tab as shown in Figure 4-2.
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Flow Status Successful - Wed Dec 31 13:43:38 2014
Quartus IT 64-Bit Version 14.1.0 Build 186 12,/03/2014 51 Full Version

Logic utiization (in ALMs)

Total registers

Total pins

Total virtual pins

Total block memaory bits

Total DSP Blodks

Total HS5I RX PCSs

Total HSSI PMA RX Deserializers
Total HS5I TX PCSs

Total HS51 PMA TX Serializers

Revision Mame my_first_fpga
Topevel Entity Mame my_first_fpaa
Family Cydone v
Device SCSEMAGU23CE
Timing Models Final

16 /15,880 ( < 1 %)
28

7/314(2%)

0

0 /2,764,800 (0 %)
0/84(0%)

0

0

0

0

Total PLLs
Total DLLs

1/5(20 %)
0/4(0%)

Figure 4-2 Compilation Report Example

4.2 Program the FPGA Device

After compiling and verifying your design you are ready to program the FPGA on the development
board. You download the SOF you just created into the FPGA using the USB-Blasterll circuitry on
the board. Set up your hardware for programming using the following steps:

a) Connect the power supply cable to your board and to a power outlet.

b) For the DEO-Nano-SoC board, connect the USB-Blasterll (included in your development Kit)
to J13 and the USB cable to the USB-Blasterll. Connect the other end of the USB cable to the host
computer.

Refer to the getting started user guide for detailed instructions on how to connect the cables.
c) Turn the DEO-Nano-SoC board on using the on/off switch.
Program the FPGA using the following steps.

1. Choose Tools > Programmer. The Programmer window opens. See Figure 4-3.
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iy Programmer - C:/My_design/my_first_fpga/my first_fpga - my first_fpga - [Chainl.cdf] E@g
File Edit View Processing Tools Window Help 5J Search altera.com @

%, Hardware Setup...| DE-50C [USBE-1] Mode: ’JTﬁG o ] Progress: ]

[~] Enable real-time ISP to allow background programming when available

W File: Device Checksum |Usercode Program/ Verify Blank- Examine
b1l Start Configure Check

@l Stop

i, Delete

i Change File...
[ save Fie
fiiup

J],'HJ Down

Figure 4-3 Programmer Window
2. Click Hardware Setup.

3. If it is not already turned on, turn on the DEO-Nano-SoC [USB-1] option under currently
selected hardware. See Figure 4-4.
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Ak Hardware Setup

Hardware Settings ITAG Settings

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

Currently selected hardware: [No Hardware - ]

Available hardware items

Hardware SErver Fort i Add Hardware. .. I

DE-SoC Local JSBE-1

Remove Hardware

Figure 4-4 Hardware Setting
4. Click Close.
5. Click Auto Detect to detect all the devices on the JTAG chain.

6. Select 5CSEMA4 and click OK.
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Al Programmer - [Chain2 cdf] =@ =& |

File Edit Vie Processing  Tools findo Help & Search altera.com @

_3. Hardware Setup...| DE-50C [USB-1] Mode: [JTAG hd Progress: ]

|| Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank- Examing

[t Start Configure Check

<none> SOCYHPS Qo0aoooo <nonex
@il Stop

4 auto Detect

L Delete

[ Add File...

[ Change File... 3

r% Select Device u

Found devices with shared JTAG ID for device 2. Please select your device.

< | | © scseBas X
Al Save File @ SCSEMA4
[2% Add Device... (7) SCSXFCACE

fuup

J Down

Figure 4-5 Select FPGA Device

7. Click Yes to match device list.

%; Quartus Il

Y The auto-detected device chain does not match the Programmer's device list, Do wou
F l\_., want ko update the Programmet's device lisk, overwriting any existing settings?

[ L5 J [ Mo

Figure 4-6 Warning for device list not match

8. Both HPS and FPGA will be list on the programmer. Select FPGA device and click Change
File a .sof file.
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$ Programmer - [Chain2.cdf]*

ESEEE ™)

File Edit View Processing Tools Window Help 57

Search altera.com @

2, Hardware Setup...| DE-SoC [USE-1]

Mode: [JTA.G

S Progress:

|| [] Enable real-time ISP to allow background programming when available

]

File: Device Chedksum

o start

] = Stop

'

M Delete

""_"_,‘ Change File...

SOCVHPS
SCSEMA4

00000000
00000000

<None =
<None =

Usercode Program/

Configure
<none>
<none>

Verify

Blank-
Chedk

Examine

I |2 save File

|
i thup
1

1 pown

SOCYHPS

SCSEMA4

Figure 4-7 Programmer window

9. Selecting the my_first_fpga.sof file from the project directory (see
select to Program/Configure and click Start to program .sof file into FPGA.
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% Programmer - [Chain2.cdf]* ‘ =8 P |
File Edit View Processing  Tools  Window Help ==J Search altera.com @
j. Hardware Setup...| DE-SoC [USB-1] Mode: Progress: ]

[”] Enable real-time ISP to allow background programming when available
% File Device Checksum Usercode Program,/ Verify Blank- Examine
Bl Start Configure Check
al st <none > SOCVHPS 00000000 <nong >
e <none: SCSEMA4 00000000 <none:
i Delete
i A
[, Add File... Uiy Select New Programming File g
v Look in: [ | . C:\My_design'ymy_first_fpga - ] o 9 0 ._.1 [E] J b
i i 2 * .
|2 save File _‘& My Computer Name Size
Rue ||)7
o pll_sim
%] my_first_fpga.sof 38
TOI I
L pown |
o [0 2
TDO
¢ File name: my_first_fpga.sof
Files of type: [Programming Files (*.sof = pof =.jam *.jbc =.ekp =.jic) - ] [ Cancel ]
—
Al Programmer - C:/My_design/my_first_fpga/my_first_fpga - my_first_fpga - [Chain1.cdf]* E@u
Fle Edit Yiew Processing Tools  Window Help S Search altera.com @

&, Hardware Setup... | TEIRIIES) Mode: Progress: 100% (Successfl) |

[ Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank- Examine
Check

2l start Configure

i swp <none> SOCVHPS 00000000 <none
output_fles/my_first_fpg... SCSEMA4U23 0043ACAF  0D43ACAF

g auto Detect
i Delete
[, Add File. .
E Change File...

‘ﬂl Save File [
E Add Device...
1 up
ﬂ‘“ﬂ Down

SOCYHPS SCSEMA4UZ3

Figure 4-8 Downloading Complete

Congratulations, you have created, compiled, and programmed your first FPGA design! The
compiled SRAM Object File (.sof) is loaded onto the FPGA on the development board and the
design should be running.
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4.3 Verify The Hardware

When you verify the design in hardware, you observe the runtime behavior of the FPGA hardware
design and ensure that it is functioning appropriately.

Verify the design by performing the following steps:

1. Observe that the four development board LEDs appear to be advancing slowly in a binary
count pattern, which is driven by the simple_counter bits [26..23].

The LEDs are active high, therefore, when counting begins all LEDs are turned off (the 0000 state).

2. Press and hold KEY [0] on the development board and observe that the LEDs advance more
quickly. Pressing this KEY causes the design to multiplex using the faster advancing part of the
counter (bits [24..21]).

3. If other LEDs emit faintness light, Choose Assignments > Device. Click Device and Pin
Options. See Figure 4-8.
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Select the family and device you want to target for compilation.
You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus II software in which your target device is supported, refer to the Device Support List webpage.

Device family Show in 'Available devices' list
Family: |Cydone V (E/GX/GT/SX/SE/ST) »|  Package: [Any - |
Devices: [All v] Pin count: [Any v]
Core Speed grade: [Any - ]
Target device
Mame filter:

Auto device selected by the Fitter

) ) T L | sh d d devi
@ Specific device selected in "Available devices' list O avanced devices

Other: nfa [Device and Pin Options...

Available devices:

MName Core Voltage ALMs User 1/0s GXB Channel PMA GXB Channel PCS PCIel =
SCSEBABUZICTS 1.1V 41910 314 i} 0 1]
SCSEBABLIZ3CE 1.1V 41910 314 1] 0 ¥]
SCSEBABUIZ3CES L1V 41910 314 i} 0 a
SCSEBAGUZ23IT 11w 41910 314 i} o} a
SCSEBABUZ3ITS 1.1V 41910 314 i} 0 1]
SCSEMAZUZIAT 1.1V 9430 314 i} 0 1]
SCSEMAZUZ3CE 1.1V 9430 314 [i] 0 ¥]
SCSEMAZUZ3CT 11v 3430 314 i} o} a
SCSEMAZ2UZ3CE 1.1V 9430 314 i} 0 a e
SCSEMAIZ3IT 1.1V 9430 314 i} 0 1] l—l
SCSEMASLIZ3AT 1.1V 15880 314 1] 0 ¥]
SCSEMAAUZ3CE L1V 15380 314 i} 0 a -
4 | 1n | 3

Migration Devices. .. | 0 migration devices selected

[ 0K ][ Cancel H Help

Figure 4-8 Device and Options

Choose Unused Pins. Reserve all unused pins: Choose the As input tri-stated option. See Figure
4-9,
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%-,l Dievice and Pin Opticns - my_first_fpga —— - ﬂ
Category:
Configuration
Programming Files Spedfy device-wide options for reserving all unused pins on the device. To reserve individual dual-
(Unused Pins | | Ppurpose configuration pins, go to the Dual-Purpose Pins tab. To reserve other pins individually,

Dual-Purpose Pins use the Assignment Editor.

Capacitive Loading
Board Trace Model

1/ Timing

Voltage

Pin Placement

Error Detection CRC
CwP Settings

Partial Reconfiguration

Reserve all unused pins: | As input tri-stated -

Description:

Reserves all unused pins an the target device in one of 5 states: as inputs that are tri-stated,
as outputs that drive ground, as outputs that drive an unspecified signal, as input tri-stated
with bus-hald, or as input tri-stated with weak pull-up.

[ 0K H Cancel H Help ]

Figure 4-9 Setting unused pins
Click twice OK.

4. In the Processing menu, choose Start Compilation. After the compile, Choose Tools >
Programmer. Select the my_first_fpga.sof file from the project directory. Click Start. At this time
you could find the other LEDs are unlighted.
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Chapter 5
Appendix

5.1 Headquarter & Branches

e Tel :+886-3-575-0880

e Fax :@ +886-3-572-6690

e Add : 9F, No.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, Taiwan 300-70
e Email : sales@terasic.com / support@terasic.com
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