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Chapter 1

Introduction

This tutorial provides comprehensive information that will help you understand how to create a
FPGA design and run it on your DE1-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.

De_siin — Gp.rni.ile ——» Simulate ——» iﬁ ﬁm ——» Hardware

\ |

Figure 1-1 Design Flow

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.
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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 II 13.1 software on your computer. If you do not have
the Quartus II software, you can download it from the Altera web site at www.altera.com/download.

B You have a DE1-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:

e 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-BlasterIl driver, Plug in the 12-volt adapter to provide
power to the board. Use the USB cable to connect the leftmost USB connector on the DE1-SoC
board to a USB port on a computer that runs the Quartus II software. Turn on the power switch on
the DE1-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 DE1-SoC board is programmed by using Altera USB-Blaster II 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 XND 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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Figure 1-4 Device Manager

Right click Other devices>Unknown device and select Update Driver Software...This leads to the window in

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.

Figure 1-5 Update Driver Software
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The driver is available within the Quartus II software. Hence, click Browse my computer for device software to

@ I Update Driver Software - Altera USB-Blaster II (System Console interface)

Browse for driver software on your computer

Search for driver software in this location:

Chaltera\13.1\quartus\drivers\usb-blaster-ii A Browse...

[¥] Include subfolders

= 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,

get to

Figure 1-6.

@ Il Update Driver Software - Altera U5B-Blaster II (System Console interface)

Browse for driver software on your computer

Search for driver software in this location:

Chaltera\13.1\quartus\drivers\usb-blaster-ii A Browse...

[¥] Include subfolders

= 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
i 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\l3.1\quartus\drivers\usb-blaster-ii. Click OK and then upon returning to Figure
1-6.click Next.
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Browse For FulderA u

Select the folder that contains drivers for your hardware.

J binG4

| common

| cusp

J drivers
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. sentinel
. ush-blaster
. usb-blaster-ii

J wdrer
0

Falder: 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
DE1-SoC board.

e - Altera USE-Blaster I (Unconfigured)

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

Altera USB-Blaster I (Uncenfigured)

Figure 1-8 The driver is installed

1.3 What You Will Learn

In this tutorial you will perform the following tasks:
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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 DE1-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 II design tools—This tutorial will not make you an expert, but at
the end, you will understand basic concepts about Quartus II projects, such as entering a design
using a schematic editor and HDL, compiling your design, and downloading it into the FPGA on

your DE1-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 Altera DE1-SoC FPGA development board

Chapter 2
Assign The Device

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

assignments, you must first create a project.

2.1 Assign The Device

1. Inthe Quartus II software, select File > New Project Wizard. The Introduction page opens. See

Figure 2-1.
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&4 Wew Project \Wizard @

Introduction

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

Project name and directory

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

Target device Family and device
ED& tool settings

‘ou can change the settings for an existing project and specify additional project-wide settings with the Settings command (Assignments menu), ¥ou can use
the various pages of the Settings dialag box to add functionality to the praject.

LR

Don't show me this introduction again

< Barck Finish Cancel | | Help

Figure 2-1 New Project Wizard introduction
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
Quartus II project files for this design.

b. For example, C:\My_design\my _first fpga.
c. File names, project names, and directories in the Quartus II 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.
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&4 Mew Project Wizard @

Directory, Name, Top-Level Entity [page 1 of 5]
wWhat is the working directory Far this project?

CifMy_designfmy_first_fpga )
hat is the name of this project?

my_First_fpgal i
What is the name of the top-level design entity For this project? This name is case sensitive and must exactly match the entity name in the design File.
my_first_fpga =
Use Existing Project Settings. ..

| < Back | [ Mext = ] | Finish | | Cancel | | Help

Figure 2-2 Project information

f. Click Next.

g. You will assign a specific FPGA device to the design and make pin assignments. See Figure

2-3.
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Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

You can install additional device support with the Install Devices command on the Toals menu.

Device family

Family: [Cydone V {E/GX/GT[SX/SE/ST)
Devices: [Cydone W 5E Mainstream

Target device
Auto device selected by the Fitter

@ Specific device selected in "Available devices' list
Other: n/fa

Available devices:

Show in "Available devices' list

Package: [Any

Pin count: [Any

Speed grade: [Any

Mame filter:

Show advanced devices

Name Core Voltage ALMs User I/0s GXB Channel PMA GXB Channel PCS P(Ie (P
SCSEMA4U23AT (Advanced) 1L 15830 314 a 0 1}
SCSEMA4U23CeE (Advanced) L1V 15880 314 a 0 1} il
SCSEMA4U23CT (Advanced) L1V 15880 314 a 0 1} -
SCSEMA4U23CE (Advanced) L1V 15880 314 a 0 1} 1
SCSEMA4U23IT (Advanced) Liv 15880 314 a 0 0
SCSEMASF31AT 1.1V a 0 0
mn—n—_
SCSEMASF31CY L 32070 457

| SCSEMASF31CE 1 32070 457 a 0 0
SCSEMASF31I7 L1V 32070 457 a 0 1} iR
1 i | P
| <Back || mext> |[ Fmsh || cancel || Heb

Figure 2-3 Specify th

h. Click Finish.

e Device Example

4. When prompted, choose Yes to create the my first fpga project directory. You just created

your first Quartus II FPGA project. See Figure 2-4.
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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.
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&4 MNew &J

Mew Quartus II Project

4 Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
Systemverilog HOL File
Td Script File
Verilog HDL File

| VHDL File

4 Memaory Files

I Hexadecdmal (Intel-Format) File
Memary Initialization File

4 Verification/Debugaing Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File
University Program YWF

4 Other Files
AHDL Indude File
Block Symbol File
Chain Description File
Synopsys Design Constraints File
Text File

[ Ok ][ Cancel H Help

Figure 3-1 New BDF

2. Click OK.
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).
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€4 Quartus I 64-Bit - C:/My_design/my_first fpga/my_first_foga - my_first_fpga

File Edt View Project Assignments Processing Tools Window Help (57 Search altera.com @
JFdd $Ea@ 9 ooyt e EY S EFe O DO 2 WA R
Project Navigator raEx | 4 my_first_foga.bdf* [x]
Ha saa9¢BREAGADE-O11ANNTSION D NS
A cydone v SCSEMASF3IC6 I A
R L T e e e e e e e T
m o | SRR R S S S S S S S S S S S SR S S S S D S S S R S S
A Herarchy | Bl Fes | ¥ pesgnunit | LI Compe d B[0TI
Fo—— LT R A R R R R R PRI
Flow: [Cumulanun -] [Cusmmize‘..] .......................................................
Task [0 |
& 4 B Comple Design T
< » P Analysis B Synihesi I TS e e R EE S TR EE S TR ES R
L b B Fitter (Place &Route) DL
v » B Assembler (Generate programming fles)| [} - ool DDl DD
v > B TimeOuest Tming Analveic L | SRS RS R SR SRR ER SRR RERERRRERERE RS SRR RS DD RS SRS S S S S SRS S S S S S S S DEE S -
| | 3 « i G
; @ E] F <<search>> £
Al Type ID Message
P
&
g »
2 \_System J\_Processing |
141,474 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)
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Sawve s

Save in: | . my_firzt_fpga j IfF E-
= Marme ’ = | Date modified Type Size
o
e | db S/7/2013 10:30 50 File folder
Fecent Places
Deskiop
u=nHl
Libraries
Computer
n
MNetwark
File name: :5:irr| le_counter.y j Save |
Save as type: |\Ieril0g HOL Files [*.v *.vlg " werilog] ﬂ Cancel

v Add file to current 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).

input

module simple counter (

CLOCK 50 ;

always @ (posedge CLOCK 50)

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

CLOCK 50,

counter_out

output [31:0] counter_out;

reg [31:0] counter out;

// on positive clock edge
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begin

end

endmodule

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

// end of module counter

P —— ————— =
{; Quartus I 64-Bit - C:/My_design/my_first_fega/my_first_foga - my_first_fpga L = g
Fle Edit View Project Assignments Processing Tools Window Help 5 cearch altera.com @

NS H@ & D@9 o[ HY e 0O PP D HE 9P A e ®
Praject Mavigator Tax|| £ my_first_fpga.bdf* K simple_counter v [] |
1 //It has a single clock input and a 32-bit output port
/iy Cyclone v: SCSEMASF31C6 2  [Hmodule simple counter ( )
% 3 CLOCK_S0,
> B my_first_foga 4 counter_out
5 ):
[ input CLOCE_S0 ;
7 output 31:0] counter_out;
8 reg 31:0] counter_out;
El
10 always @ (posedge CLOCK 50) // on positive clock edge
11 [H  begin
12 counter_out <= #1 counter_cut + 1;// increment counter
13 end
Rl L4 14 endmodule / end of module counter
iy Herarchy | E|Fies | Desgnunits | 75, 1P Compi 4| p
Tasks Rax
Flow: ICompi\aﬁen vl [Cusmmlze..‘ I
Task ® =~
« | 4 P Compil Design L
L > B Analysis & Synthesis B
4 > B Fitter (Place &Route)
L > B Assembler (Generate programming files)
of > B TimeQuest Timinn Analvsis 2 -
< | m | » 4 m »
; @ E T <<Searchs (v
1 Type ID Message
B
o
% 4 »
=\_system /\ Processing /

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 II software creates a Symbol File and displays a message (see Figure 3-5).
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%; 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

%5 Symbol @

Lbraries: e e e e e e

4 [ Project e O AP
B} counter_bus_mux P LIl NI

12

ﬂ- simple_counter ..................................................

& a1 hwarhslvars| | ool

............... ] GLOGK_50

counter_out[21..0] IR

4 [

Mame: I Sty [P

simple_counter ) | USSR

) reseatisert mode R EEEEE e EEE e TEEEE L EETEEIEEFEFEEIEFETEFIEEEFEFEEFETEE
[ Insert symbol as block A LTIl A

Launch MegaWizard Plug-In | oo ]

[ Megatizard PlugIn Manager.. e

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

and dragging it to where you want it and releasing the mouse button to place it. See Figure 3-7.
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&4 Quartus I 84-Bit - C/My_design/my_first_foga/my_first_fpga - my_first_fpga | o e
File Edt WView Project Assignments Processing Tools Window Help 5 Search altera.com @
DEHE & B 9 o myfist Y o P EO P LA e

Project Navigator 1A x | # my_first_foga.bdf* <N simple_counter.v |

@ swa9c[FEAQUADE-OTITINNNDOON Y B
A Cydone V: SCSEMASF31C6 D

> 5@ my_first_fpga 5%1

4 m 3 . =
[ Hierarchy ‘ = Files | ' Design Units I ';\IPCompc |2 S

Tasks D I R

counter_out31..0] - -

Flow: [Complation <) [eustomaen] | i L

Task ]

[am ] »

4 P Compile Design
> P Analysis & Synthesis
> B Fitter (Place & Route) ||| N
m + 4 | m +

@ E] T <<Searchz L%

Type ID Message

Hmxl | 448

4 }

\_System [\, Processing [

Messages

685,545 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 (DE1-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. Click Megawizard Plug-in Manager. The MegaWizard® Plug-In Manager appears (see Figure
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3-8).

&4 Megavfizard Plug-In Manager [page 1] @

The MegaWizard Plug-In Manager helps vou create or modify design files that conkain custom wariations of
megafunckions,

\ Which action do you wank to perform?

@ Create a new custom megafunction wariation
Edit an existing custam megafunction variation

Copy an existing custom megafunction variation

Copywright () 1991-2013 Altera Corporation

Cancel < Back. hexk > Finish

Figure 3-8 Mega Wizard Plug-In Manager
3. Click Next.
4. In MegaWizard Plug-In Manager [page 2a], specify the following selections (see Figure 3-9):
a. Choose PLL> Altera PLL v13.1.

b. Under Which device family will you be using? Choose the Cyclone V for DE1-SoC

development board.
c. Under Which type of output file do you want to create? Choose Verilog HDL.

d.  Under What name do you want for the output file? Type pll.v at the end of the already

created directory name.

€. Click Next.
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&4 MegaWizard Plug-In Manager [page 2a]

Which megafunction would you like to customize?
Select a megafunction from the list below

Q, X
5, Altera GPIO v13.1 -

%, Altera LVDS SerDes v13.1

3, Altera Phylite v13.1
';‘:_ MAX IIMAX W osdllator

> | Interfaces

» [ JTAG-accessible Extensions

> [ Memary Compiler

4 [ PL
“%, Altera PLL Reconfig v13.1
3, Altera PLL v13.1
%, Arria 10 FPLL v13.

"";{_ Arria 10 Transceiver ATX PLL | =

[y

';{_ Arria 10 Transceiver CMU PLL
i pen egaStore —
[ click to Open IP MegaSto

-

4 | 1 | 3

Which device family will vou be using? Cydlone V

Which type of output file do you want to create?
AHDL
) VHDL
@ Verilog HDL
What name do you want for the output file?
C:My_design/my_first_fpga/pll.v

[7] Return to this page for another create operation

Mote: To compile a project successfully in the Quartus II software, your design
files must be in the project directory, in a library spedfied in the Libraries page of
the Options dialog box (Tools menu), or a library specified in the Libraries page

of the Settings dialog box (Assignments menu).

Your current user library directories are:

o]

[ Cancel

][ < Back ][ Mext =

Finish

Figure 3-9 MegaWizard Plug-In Manager [page 2a] Selections

In the MegaWizard Plug-In Manager window, make the following selections (see Figure

5.

3-10).

a. The device speed grade choose 6 for DE1-SoC.
b.  Set the frequency of the refclk input 50 MHz.

DE1-SoC My First FPGA

20

December 16, 2014


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

maslc

"N Altera PLL - pll

“ Altera PLL

MegaCors’ altera_pll

=)

| : fGeneraI | Clock Switchover | Cascading | MF Streaming | Seftings |~ Advanced Parameters |

Device Speed Grade: B .

pll

| | PLL Mace: IntegerNPLL [

‘%:Iu:k clock
‘&r&set conduit

Reference Clock Frequency: (5o MHz

outclkO] Cperation Mads: narmal .
|lockedy 7 Enable Incked output port
aktera_pll ["] Enable physical output clack parameters

1
¥

[~ output Clocks

Humber Of Clocks:

[~ outelko
Desired Frequency. 100.0 MHz
100.0 MHz =

Phaze Shift units: ps .

Actual Freguency:

Fhaze Shift:
Actual Phase Shift:

Dty Crycle:

@ Info: pll: The legal reference clock frequency is 5.0 MHz. 8000 MHz
@ Info: pll: Ahle to implement PLL with user settings

Figure 3-10 MegaWizard Plug-In Manager Selections

6. Turn off the Enable locked output port option on MegaWizard . As you turn it off, pin

disappear from the PLL block’s graphical preview. See Figure 3-11 for an example.
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S Altera PLL - pll

“ Altera PLL
Megotoryt T B
4

=N o

- 1
[~ Block Diagram I ¥ l/General r Clock Switchover r Cascading r MIF Strearing r Seftings rAdvanced Parameters |
L] Show signals il | Device Speed Grade: ]

o PLL Mace: Integer hPLL [
Reference Clack Frequency: |sq g hHz
[efclk lock  clock |2utclkD COperation Moce: normal .

pesel_ | cet ["] Enable lacked output port

alttera_pll ["] Enable physical output clock parameters

[ Output Clocks

Mumber Of Clocks:

[ outelko

Desired Freguency: 100.0 hiHz
Actual Frequency: @
Phisse Shift units: s [ ]

Phase Shift: o ks
Actusl Phase Shit — [aps |9

Dty Cycle: CI S

@ Info: pll: The legal reference clock frequency is 5.0 MHz..500.0 MHz
@ nfoc pil: Able to implement PLL with user settings

Figure 3-11 MegaWizard Plug-In Manager Selections

7. Then, make the following selection (see Figure 3-12).

Desired Frequency  input 5.0
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N Altera PLL - pll E=nECE

“ Altera PLL
Mesocors'  SMtera_pl

[~ Block Diagram | : f General | Clock Switchover | Cascading | MIF Stresming | Sefings |~ Acdvanced Parameters ;
[] Showe signals Device Speed Grads: EI :
i | | PLL Mode: nteger-pLL [
Reterence Clock Frequency: (s o WHz
efclk lock elock|—2utclkd Operation Made: @
eset o [] Enable locked output port
altera_pll [ Enable physical output clock parameters

[~ output Clocks |
Mumber Of Clocks:

[+ outelko |

Desired Frequency: M WHzZ
Actuzl Frequency: @
Phisse Shift units: p= v

Phase Shift o e
Actual Phasze Shift: Opzs =

Dty Cycle: CI %

@ Info: pli: The legal reference clock freguency is 5.0 MHz, 800.0 MHz
@ Info: pll: &ble to implement PLL with user settings

Figure 3-12 MegaWizard Plug-In Manager Selections

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

% Generation - Altera PLL 13.0

7D Infar gl Waristion lanousge © Yerilog |
WT) Infa pll: Output directary - Cobdy_designivy_first_fooa J
7D Infar pll: Genersting wariation file C:bdy_desigrivry_first_fooaipll v
[5) Infa: pll: Genersting synthesizakble HOL design
[T) Info: Generating altera_pdl "pll* for QUARTLS _SvHTH
[7) Infa: Done pll' with 2 modules, 3 files, 2881 hytes
(3] Info: pll: Genersting WHOL componert declaration file
[[3) Info: pll: Generating simulation model
(7] Info:; Genersting attera_pll "pll" for SIM_VERILOG
[7) Info: Generating simoen mocdel
Infa: Infore
Info: Running Guartus || 32-kit Shell
< >
Generation Successtul

=

Exit

Figure 3-13 PLL Generation

The Symbol window opens, showing the newly created PLL megafunction. See Figure 3-14.
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E’Jj Symbol

Libraries:

4 & Project
£ simple_counter
» 23 cifalteraf13.0/quartus/libraries)

: refclk outelk0
4 ) - Ll reset
: o ©lrst
Marne: S o .
L N altera_pll
simple_counter E - Lo

[7] Repeat-insert made
[ Insert symbal as block

Launch Megatwizard Plug-In

[ Megakvizard Plug-In Manager. ..

a4 ] ’ Cancel

Figure 3-14 PLL Symbol

11. 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.

&4 Quartus Il 64-Bit - CfMy_dEsign{my_ﬁrstE;a{my_ﬁrst_fpga - my_first_fpga EIM
File Edit View Project Assignments Processing Tools ‘Window Help = Search altera.com @
DS @ % D@ 9 o [y JHY 4 0 reHO RSP A e '
Project Navigator pax | l‘f: my_first_fpga.bdf* %] | Lo simple_counter.v |
&l aa 9ol @

ADE-O7TTTINNSRYOON D
/iy Cydone V: SCSEMASF31C6 R ERREE

> g§ my_first_fpga %

< [ *
= - ot i sk oot o
iy Hierarchy | E| Files | 4 Design Units | B e e e 1 outelko |- = counter_out{31..0]
Tasks L R e I L
e reset] DT
[Flow: [Cumulahon v] [Cusbomize... ] { I
L reset B
— - Py SEEEEE RS I
= | R S S R i o
u E

€| 1 | » < 1

; @] m T <<Searchz > v
q

Type ID Meszs=age

7|

\_System /|, Processing J

Messages

640,298 0% 00:00:00

Figure 3-15 Place the PLL Symbol
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12. 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.

13.  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”

oo refolk autclkn ;
_LEEJ.E_GM cm.ﬂ'.'.ﬂﬁ."il:l CLOCK S0 caunter_.:,m[ﬂ__ﬂ]-_; .............
AR reset N Plooroioioon
D | -1 rezet DD N
I I %=1 attera_pll| - oL L

Figure 3-16 Draw a Bus Line connect pll outclk_0 port to simple_counter CLOCK_50 port
14.  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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,_Dﬂ Syrmbol

Libraries:

- £ others B
4 = primitives
+ 3 buffer
+ 22 logic
+ £ other
4 [ pin
£ bidir
& input
£ output
© €3 storage -

m

Mame:

inpuk |_|
Repeat-insert made
Insert symbol as block

Launch Megatwizard Plug-In

Megakvizard Plug-In Manager. ..

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.

refclk autclki
o g".a'iiij'ziha'éi .............................. i:'gT ....... SRERRS T et
reset
reset
inzt1 attera_pll

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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ﬁj Fin Properties @
General Farmat

Tao create mulkiple pins, enter a name in AHOL bus notation
(For example: "name[3..0]"), of enter & comma-seperated list of names,

Pin names): CLOCK_50

Default value: ['-.-'CC -

I ][ Cancel H 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 II
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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f-ﬂ Bus Properties

General Fonk Format

Mame:  counter [51..0|

[] Hide name in block design File.

0]4

J [ Cancel

J

Help

Figure 3-20 Change the output BUS name

| {; Quartus I 84-Bit - C:/My_design/my_first_fpga/my_first_fpga - my_first_fpga

. T st )

Fie Edit View Project Assignments Processing  Tools Window Help 5

OE @ % 2B 9 o nyfst fga

JEY S EFC O PR B0 EE P A ew

Project Navigator 1ax

iy Cyclone V: 5SCSEMASF31C6

> ﬁ my_first_fpga %

< [ r

Ay Hierarchy | | Fies | # Design Units | 1P comp 4|

| f’ﬂ my_first_fpga.bdf*

ole

simple_counter.v

Search altera.com @

HG sad9e BEAGADE-OITINNNDOON D G w4 2 a8

4 Con
>
>
>

n ] b

[Tasks BaEx|pooo

Fiow: |Compilatian =) [eustomize. . | [ 1

[

pll
refclk outclko simgle_caintar :
etk | oufcl 0 cLook s [ “
reset]
rst |
instZ |
instd ahtera_pll

[

[
@ @l P <<search>>

amx| |~

Type ID Message

Messages

b
L_SM/\MQJ

441,307 0% 00:00:00
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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 DE1-SoC
development board. You will use the MegaWizard Plug-In Manager to add the multiplexer,
Ipm_mux. The design multiplexes two variations of the counter bus to four LEDs on the DE1-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 Next.

&4 MegaWizard Plug-In Manager [page Za] @

Which megafunction would you like ko customize?  which device Family will vou be using? | Cyclone ¥ - |
Select a megafunction Fron the lisk below

wehich type of output file do you want to create?

Q X
AHDL
4 ;'iJ Installed Plug-Ins
YHOL
- [0 arithmetic
- [ Communications @ Verilag HOL
ey what name do wou want For the output File?
4 Gates CiiMy_designfmy_First_fpgajcounter_bus_mice.y ]

%, LPM_CLSHIFT
3, LPM_COMSTANT

4, LPM_DECCDE
o Mote: To compile a project successfully in the Quartus 1T software, your design
“ LPM_MUX files must be in the project directory, in a library specified in the Libraries page of
SN fs] the Options dialog box {Tools menu), or a library specified in the Libraries page
of the Settings dialog box {Assignments menu).

Output files will be generated using the classic file structure

Return ko this page for another create operation

» 1 Interfaces

- [ ITAG-accessible Extensions Your current user library directories are:

| Memary Compilar
» | PLL
1 Click ko Open IF MegaStore

| Cancel || < Back || Mext = Finish

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).

“ Megaizard Plug-In Manager [page 3 of 5]

‘&) LPM_MUX
[1 |Parameter

Settings

Currently selected device Family: | cycjone v
counter_bus_mux

7 .
| chatard «3..0] Match projectjdefault

atal:3. 0]

Howw many 'data’ inputs do wou wank? 2 -

How wide should the 'data’ input and

the 'result’ output buses be? 4 | Ul

Do wou want ko pipelineg the mulkiplexer?

@ MNo

() Yes, I want an output latency of | 1 clock cvcles
Create an asynchronous Clear input

Create a Clock Enable input

Resource Usage

1 lom_mu | cancel || <gack || mext> || Enish |

Figure 3-23 Ipm_mux settings
9. Click Next.

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

Libraries: e

Fl B Prgject ..............................................................

ﬂ‘ Bl

Y simple_counter | |-l

' 83 cifalterafia.0auartusfibraries/ SRS LS S S SRS S SRS S S SRS SR SRR RS

..................... CDUnTBI’_hUS_mU}{ .

S e el
i ' Ll I
I e
G |
Spem—— I e T I I
A—— RIS E SRS ST EHETEIEEH PSP SIS
Launch Megatizard Plug-In il e
(e, ] |

ok ] I Cancel

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

ol D e S NN
refelk outelkD | - - - SMplesounter Pon

B P [ [ R, : powcounter [1.0]. .. L

pefol  §o. el froutelk 0 | cLock_ coumer_out[Sl..D]-:_k -----

reset S P

rst racen DUl i Lo

ingt1 ahera pll| C i
.............................................. CDLIntEr_bLIS_mU}{

.............................................. da.ta1x[3c|]

.............................................. dataElx[SEl]

D = ¥ Ll

Figure 3-25 Place the I[pm_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 data0x[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 II software knows to connect these busses.
e. Click OK.
f.  Right-click the bus line connected to data0x[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.

[ counter_busmu e
::::::::::G'&'”}'fer:[iﬁ-—is]:::::::da‘ta1x[3..l:l] I
::::::::*.cnunten[i-‘-t..it] ______ dataln3 U]\l rESUI‘t[S__Ij]?----I'ESUIT.[&..[I]___*::::::::
........ ” = = :
e = P

Figure 3-26 Renamed counter_bus_mux Bus Lines
If you have not done so already, save 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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,f’ﬂ Symbol

Libraries:

» £ others -
4 [ primitives

» 1 buffer

» 3 logic

» 1 other

4 [ pin

£} bidir
£} input
£} cutput

> 3 storage -

m

4 [

Mame:
oukpuk E]
|| Repeat-insert mode
Insert symbol as block

Launch Megaiwizard Plug-In

I Meqgakizard Plug-In Manager. ..

oK l [ 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).

counter_bus_musx o
data“lx[S..D]ﬁ EZZZZZZZEZ&ZZZZZZZZZZZZZZZ """""""""
data0n]3.0]| el i /R I

- D S e ;
inst2 /fJ S

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.

22.

23.

24.

25.

26.

Connect the input pin to the counter bus mux sel pin.
Rename the input pin as KEY [0].
Place another input pin at the left of the pll and rename it as KEY[1] (see Figure 3-29) .
Choose Edit > Insert Symbol.
Under Libraries, double-click quartus/libraries/ > primitives >logic > not (see Figure 3-30).

Click OK.

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

outclkO -
cicoutcl B —— cLoCK 50

counter_out[31..0] fm—

inst

counter_bus_mux

- | data1x]3..0] I
datalx]3..0] ;LME--U] -
=]

Figure 3-29 Adding the KEY [1:0] Input Pin
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£} nands -
£} nor12
£t norz
£} nor3
£} norg
£} nors
£t nora | _
£ not |ﬂ
EF or1z
£ or2 -

Mame:
not E]
[7] Repeat-insert mode

Insert symbaol as block

Launch MegaWizard Plug-In

[ MegaWizard Plug-In Manager...

Figure 3-30 choose an not pin

outclkd | -
| outclk 0] - -~ cLock 50 counter_out[31..0] e

inst

altera_pll|

counter_bus_mux

S | datatxga.0)
— resuft[3..0
| data0x[3..0
”—ﬂu =

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.

locations.

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

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 - Ci/hy_designfmy first_fpga/my_first_fpga - my_first_fpga EI@
File  Edit View Processing Tools  Window = Search altera.com @
= |[Groups e x sy Seimmere ACAT
Mamed: * -
E] Mode Mame Direction Locat =
> B kEV[1..0] Input Group
[I?_] - 2 Ep[3..0] Output Group -
3} 4 I l§
21 [report Bax
:i Report not available
[E X | Mamed: * - Edit: |Filter:[Pins: all b
=
2vzin Mode Name Direction Location I/0 Bank VREF Group 10 Standard Reserved
=i 'Qb_ CLOCK_S0 Inpuk 2.5V (default)
- " KEY[1] Input 2.5 Y (default)
#H in_ kEy[0] Tnput 2.5 ¥ (default)
= U ED[3] Oukput 2.5 Y {default)
Ut Ep[2] Oukput 2,5 ¥ {default)
iPi 24 LED[1] Cutput 2.5 ¥ (deFault)
22 15 LED(O] Oukput 2.5V (default)
Ell 2<new node=>
¥ o=« T 3
Attaches the window 0% 00:00:00

2.

Figure 3-32 Pin Planner Example

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 DE1-SoC board.
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Table 3-1 Pin Information Setting

Pin Name FPGA Pin Location
CLOCK_50 AF14

KEY[1] AA15

KEY[O0] AA14

LED[3] V18

LED[2] V17

LED[1] W16

LED[O0] V16

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 II software fills in the full PIN_F1 location name
for you. The software also keeps track of corresponding FPGA data such as the I/O 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.

9 e v i i - s O e

|| Fle Edit View Processing Tooks Window Help 5 Search altera.com ®

€] Tasks rex Top View - Wire Bond

= # (5 EaryPnplnning - Cyclone V- SCSEMASF31CE
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] Fin Finder....
4 [ Highlight Pins
B 1/0Banks
EH YREF Groups
= Edges
4 [ Clock Pins 28

Tasks Report

Groups e x|

Named: = -

)= 2 5 B ek d

I

Node Name Direction Location
<<new group>>

<5 =

Wb kaE

L] i »

l—| Named: = = [a)Edit[30 [ | Fiter:| pins: al -
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Figure 3-33 Completed Pin Planning Example

Now, you are finished creating your Quartus II 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 II 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 Il 84-Bit - C:/My_design/my_first_fpga/my_first_fpga - my_first fpga | o S
Fle Edit View Project Assignments Processng Tools Window Help 5 earch altera.com ®
DS HS % 2@ 9 o (myfistio Y L e P GO A e @
Project Navigator e x| [ 5 my_first_fpga.bdfFs | o) simple_counter.v ‘ & my_first_fpga.sdc B ‘
1 create clock -name "CLOCK 50" -period 20.000ns [get_ports {CLOCK 50}]
/Ay Cycone v: SCSEMASF31C5 Z derive pll clocks
3 derive clock uncertainty
5‘5 my_first_fpga % - -

< [ 3

Ay tierarchy | [l Fles | o DesianUnits | 4, 1P Comp 4|

Tasks 1Ex
Fiow: |Compilation -] [(customize... |
Task 0} &
4 I Ccompie =
>
> -
>
v e i %
1 m [3 4 m L3
; @ E] ¥ <<Search>> £
a

Type ID Meszage

Messages

q
\_system /' Processing /

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 II 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
Object 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 II 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 II software provides useful information about the

compilation (see Figure 4-1).
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Figure 4-1 Compilation Message for project

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

message box.

The Quartus II 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 I/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 - Fri Dec 12 13:29:23 2014
Quartus II 64-Bit Version 13.1.0 Build 162 10/23/2013 51 Full Version

Logic utilization {jin ALMs)
Total registers

Revision Mame my_first_fpga
Top-evel Entity Mame my_first_fpoa
Farnily Cydone ¥
Device SCSEMASF31CE
Timing Models Preliminary

16 /32,070 { < 1%)
27
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Total virtual pins 0

Total block memory bits 0 /4,065,230 (0 %)
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Total PLLs 1/6(17%)

Total DLLs 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 DEI1-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 DE1-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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&, Hardware Setup...| DE-SoC [USB-1]

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

Mode: |JTAG -

Progress:

File Device
il Start

b sion my_first_fpga.sof SCSEMASF31

{ Delete

[} Change File...

Checdksum

D0AF8727

Usercode Program/  Verify  Blank- Examine Security  Erase 1P
Configure Chedk Bit CLAMP

00AFB727

7l Save File

Thup
o1
Flnown —

5CSEMASF31

TDO

2. Click Hardware Setup.

Figure 4-3 Programmer Window

3. If it is not already turned on, turn on the DE1-SoC [USB-1] option under currently selected

hardware. See Figure 4-4.

Ak Hardware Setup

S5

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: [Nu Hardware

i

Available hardware items

Hardware
DE-SoC

Server Port

Local LISBE-1

Add Hardware. ..

Remove Hardware

Close

4. Click Close.

Figure 4-4 Hardware Setting

5. Click Auto Detect to detect all the devices on the JTAG chain.
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6. Select SCSEMAS and click OK.

7. Click Yes to match device list.

A Select Device - ——

-

. S
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@ 5CSEMAS
(") SCSTFDSDS
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Figure 4-5 Select FPGA Device
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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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4
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Figure 4-7 Programmer window

9. Select the my first fpga.sof file from the project directory (see Figure 4-8),select to
Program/Configure and click Start to program .sof file into FPGA.

Mode:

3' Hardware Setup...| DE-SoC [USB-1] Progress: 100% (Successful) l]

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

File Checksum ISP

CLAMP

Device Usercode Verify Erase

Blank- Examine Security
Check Bit

Program,

' Start Configure

SOCYHPS
SCSEMASF31

00000000
0DAFB727

<none
my_first_fpga.sof

<none
il Stof
220 00AF8727

G Auto Detect
I Delete

[ Add File...

:B Change File...

A Save File

[** Add Device. ..
1 up

41 Down

m

SCSEMASF31

SOCVHPS

4 |
+

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.

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]).
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3. If other LEDs emit faintness light, Choose Assignments > Device. Click Device and Pin

Options. See Figure 4-9.

r%; Device

Select the family and device you want to target for compilation.

‘fou can install additional device support with the Install Devices command on the Tools menu.
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Figure 4-9 Device and Options

Choose unused pins. Reserve all unused pins: Choose the As input tri-stated option. See Figure

4-10.
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o

%; Device and Pin Options - my_first_fpga

Category:

General
Configuration
Programming Files
Unused Pins
Dual-Purpose Pins
Capaditive Loading
Board Trace Model
1/ Timing

Voltage

Pin Placement

Error Detection CRC
CvP Settings

Partial Reconfiguration

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

X3

Specify device-wide options for reserving all unused pins on the device. To reserve individual dual-
purpose configuration pins, go to the Dual-Purpose Pins tab. To reserve other pins individually,
use the Assignment Editor.

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

Description:

Reserves all unused pins on 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-hold, or as input tri-stated with weak pull-up.

[ (0]'s H Cancel H Help ]

Figure 4-10 Setting unused pins

you could find the other LEDs are unlighted.
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Chapter 5
Appendix

5.1 Headquarter & Branches

o 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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