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Can | still use a Processor?

m YES!

m Three Altera Soft Processor Choices:
— Nios II/f Fast: Optimized for Performance
— Nios ll/s Standard: Faster and Smaller than Nios
— Nios ll/e Economy: Smallest FPGA Footprint

m Choose peripherals you want
m SOPC Builder software builds interfaces, arbitration etc.

Smaller Nios Il/f Faster

© 2010 Altera Corporation

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. AIE“EE{A
and Altera marks in and outside the U.S.

3




Altera Quartus Il CAD Tools

always @ (negedge wrbusy_int)
in

write0 <= 1°b0;

always @ (posedge write0_done)
begin

writel <= 1°b1;

B Cabl
CAD tools USB Cable

Host
Computer

QUARTUS II
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DEO

Power
Supply Input

Power
ON/OFF Switch

16 X2 LCD Interface

Altera EPCS 4
Configuration Device

USB Blaster Circuit
SDRAM (8 Mbytes)
7-Segment Display

RUN/PROG Switch for
JTAG/AS Modes
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USE Blaster  Triple 4-hit
Connector WVGA DAC

| I

.I UNMIVEREITY
B FROQ®AM
Sr-d 13 7

Switches X10 LEDs X10

PS/2 Port SD Card Socket

Push-buttons

MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off.

RS-232 Interface

50-MHz Oscillator

Expansion Headers (2)

Cyclone Il EP3C16F484

FLASH (4 Mbytes)



DEO

PushButton Switches (3)

Expansion Headers (2)

16X2 LCD Interface

SD Card Socket

MBS Triple 4-bit VGA DAC

Blaster
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DEO — Switches

Cyclone;@m

D2 E4 E3 H7 J7 G5 G4 H6 H5 J6

-~ -~ -~ -~

Logic "1™

o (o) || | | | (| (| ] |

SW9 SW8 SW7 SW6 SW5 SW4 SW3 SW2 SW1 SWO o) ogic 0™

Connections between the toggle switches and Cyclone I1I FPGA
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DEO — LEDs

Cyclnne:@m
M
J2
J3

H1

E1

c1
c2
B2

B1

LEDGO
LEDGO AAA . 1
LEDG1 AAA 'LE“‘“H
LEDG2 AAA 'LEDG;!
LEDG3 <2
LEDG4 ﬁ*
AMN— P
LEDGS AAA, ILEnss
LEDG6 AAA 'LEDG';,_,
LEDG7 AAA 'LE“G;,_,
LEDGS AN ﬁ?},
LEDGY AAA EDGO

Connections between the LEDs and Cyclone 111 FPGA
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DEO — 7-segment displays

HEXO0

HEX0_D5

HEX0_D4

HEX0_D3

HEX0_D0O

HEX0_D1
HEX0_D6

HEX0_D2

. HEX0_DP

A A A )

HEX0_DO

HEX0_D1

HEX0_D2

A A A A

HEX0_D3

A A A A
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HEX0_D4

A

HEX0_D5

HEX0_D6

A A

HEX0_DP

E11
F11
H12
H13

Cyclone;@}m

G12
F12
F12
D13

Connections between the 7-segment displays and Cyclone III FPGA
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Developing Digital Logic courses with
Altera Technology

Tutorial #1

© 2010 Altera Corporation



Outline

m Creating projects in Quartus Il

m Targeting a project for a DEO Board

m Downloading a circuit onto a DEO board
m Compiling and debugging
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Step 1: Start Quartus Il

@ Quartus I 64-Bit [ESREEE

Fle Edit View Project Assignments Processing Tools Window Help & Search altera.com .
DEEG S BB o o R s EVSe T > oD M

Project Navigator ¥F x|

By Hierarchy | B Files | d’DesgnUrIts|

==l ) JARTUS I1

Task i
° Version 12.
® View Quartus Il
Information
® Documentation
g X Y <<Search>> v
@ Type Message
Bl 4
ﬁ\ System /\_Processing /\_Extra Info /\_Info /\_Warning /\_Critical Warning /\_Error /\_Suppressed [\ _Flag /
E ‘Locaﬁon: v ‘ ‘ Locate
0% 00:00:00
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Step 2: Create a New Project

Edit View Project Assignments Proces

D New. ceisn m Click File Menu

& Open... Ctrl+0
@ NEW Project Wizard... o . S e I eCt N eW P r Oj eCt
= Ofnen frojed. . Ctrl+] Wi Z ar d

ave Project

m This will open a new

window where project
Information can be
———— . specified

Convert Programming Files...

B Page Setup...

E}_ Print Preview

& r Curl+P
Recent Files »
Recent Projects >
Exit Alt+F4
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Project Name and Directory

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

What is the working directory for this project?

D:\introtutorial
What is the name of this project?
light

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

ot (2] The project must have a

Uesos e senge. | name, which is usually the
same as the top-level design
entity that will be included in
the project.

<Back | [ Next> || Fnsh || cancel || rep |
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Add Source Files to Project

Add Files [page 2 of 5]

Selg-:ttme design fileg you want to indude in the project. Chds Add All to add all desgn fles in the praject directary to the

oroject,

Mote: you can swaye add decign files o the praject later.

Filz namre: E Add
RleMame Type Lbrary Desgn BnfryfSynthesis Toal HOL Versan m

o The wizard makes it easy
to specify which existing
files (if any) should be
Propertes included in the project.
Assuming that we do not
have any existing files, click
Next

Specfy the path mrames of any non-default liorariss, User Libraries... |

| < Back I Mext = H Firish ][ Carcel ] Help
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Specify FPGA Device

H Select th e F PGA d eV|Ce Family & Device Settings [page 3 of 5]

O n t h e b O a r d I Device family Show in 'Avallable devices' list

~ Cyclone Il Family i - =
® For DEO — EP3C16F484C6 oot device Speed grade: [pay
. (s vice sl e Fi me filter:
B CyCIOne II Famlly O :::i:dam:aiﬂ:‘ﬁ:;:ﬂadai:a‘ list Shov:eadvanceddevices HardCopy compatible only
® For DE1 — EP2C20F484C7
® For DE2 — EP2C35F672C6 oo
Name Core Voltage User 1/0s Memory Bits Embedded multipher 9 =+
EP2C35F484C6 1.2V 322 483840 70
EP2C35F484C7 1.2V 322 483840 70
EP2C35F484C8 1.2V 322 483840 70
Board Device Name gii:ﬁ:ﬁs ig ﬁ: ﬁiﬁ 2
DEO Cyclone 111 EP3C16F484C6 === s a0 ™
DEO-Nano | Cyclone IVE EP4CE22F17C6 M — -
DEI Cyclone IT EP2C20F484C7 Compenion device

HardCopy:

DE2 Cyclone II EP2C35F672C6
DE2-70 Cyclone II EP2CT70F896C06
DE2-115 | Cyclone IVE EP4CE115F29C7

Limit DSP & RAM to HardCopy device resources
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Additional EDA Tools

m Specify Tools, in
addition to

EDA Tool Settings [page 4 of 5]

Specify the ather EDA tools used with the Quartus I software fo develop your project,

EDA todls:

Tool Mame

Quartus I, that

Tool Typ=

iDesign Entry/Synthesis |_ <None=
Simulation

you will use

m These are ves o
unnecessary for B

small student
designs

— Leave all entries as
<None>

- | <Mene> bt
<Monex -

Format{z)

Aun this too

<Monge = .

l-:Nme:r ']

Run Tool Automaticaly
sutomatically to synthesi
Run gate-evel smulation automalical

Run ths too! automatizally after compilatinn

ze the currant desgn

y after compiation

— Press Next

<Back | [ mext> ||

Finigh

| [ coneel hep |
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€ New Project Wizard

Summary [page 5 of 5]

New Project Summary

When you dick Finish, the project wil be oeated with the folowing settings:

Project directory:

Project name:

Top-evel design entity:
Mumber of fies added:

Mumber of user libraries added:
Device assignments:

Family name:

Device:
EDA tools:

Desgn entryfaynthesis:

Simulation:

Timing analysis:
Operating conditions:

Core voltage:

Junction Eemperature range:

D:tintrotutoria
light

light

0

0

Cydone I1

EP2C35F672CH

<Hone> {<Maone =)
<MNone> (<MNone =)

<None> (<Mone =)

1.2y

085 =C

Finish J| Cancel H Help
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A summary of the
chosen settings
appears in the
screen shown in
Figure.

Press Finish,
which returns to
the main Quartus
Il window, but
with light specified
as the new
project, in the
display title bar



Simple Project

H X1 A2
—1 )

=3

1
| 1 0 |
41‘2 -
LIBRARY ieee ;
USE ieee.std_logic_1164.all ;
ENTITY Ilight IS
PORT (x1,x2: IN STD_LOGIC ;

f : OUT STD_LOGIC ) ;
END light ;
ARCHITECTURE LogicFunction OF light IS
BEGIN

f <= (x1 AND NOT x2) OR (NOT x1 AND x2);
END LogicFunction ;
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Step 3a: Create Source File

« Select File > New to get
the window in Figure,
choose VHDL File, and
click OK. This opens the
Text Editor window.

e Specify a name for the
file that will be created
and select File > Save to
open a pop-up box and
In the box labeled Save
as type choose VHDL
File
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Mew Quartus II Project
4 Design Filzs
AHDL File
Block Diagram/Schematic File
EDIF File

Qeys System File
State Machine File
SystemVerilog HOL File
Td Siript File
WHOL File
Verilog HOL File
4 Memory Fles
Hexadeamal {Intel-Format) Fie
Memary Initializaton File
4 Verfication/Debugging Files

Logic Analyzer Interface File
SignaTap 11 Logic Analyzer Filz
4 (ther Files
AHDL Indude File
Block Symbuol File
Chain Desaiption File
Synopsys Cesign Constraints File
Text File

e =

In-Syatem Sources and Prabes File

ok || canal ||

Help
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Step 3b: Add Source File

Select:

*Assignments >

Settings and
looks for File
item or
*Project >
Add/Remove
Files in Project

© 2010 Altera Corporation

Category:

Y

Y

Y

Y

General

Files

Libraries

Operating Settngs and Conditions
Voltzge
Temperature

Compilation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthess Optimizations

EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verfication
Board-Lewvel

Analysizs & Synthesis Settings
WVHOL Input
Verilog HDL Input
Default Parameters

Fitier Settings

TimeQuest Timing Analyzer

Asgembler

Design Assistant

SignalTap II Logic Analyzer

Logic Analyzer Interface

PowerFlay Power Analyzer Settings

35N Analyzer

Select the design files you want to include in the project. Clide Add All to add al design filesin the project
directory to the project.
File name: [:] Ade
Flle ame Type Library  Design EntryfSynthesis Tool HDL vVersion Add All
light.vhd VHDL File <Mone= Default
Remove
Up
Down
Froperties
o ) Comat ] o

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off.
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Step 4: Assign Pins to connect switches/lights
to inputs and outputs of your circuit

m Click Assignments, then
Import Assignments...

= Import file
— DEO_pin_assignments.qsf

m Imports locations for
predefined port names,
such as SW, LEDG, KEY,
and others

— Can be done manually for
custom port names

Component DEO
SWo PIN_J6
SWh PIN_H5

LEDG, PIN_J1
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F‘ru:ujeu:t Mavigatar

“Hierarn::h_uj Files _E

&, Quartus Il - D:/Course/Digital Logic/simplefsimple - simple

File Edit “iew Project BEEER)=se

- = F-|

Processing Tools ‘Window  Help
= I 9 Device. .. .
'{? Pins

Eﬁ" Timing Analysis Settings. ..

Entity
Cpolone I: EP2C20F4 27 EDA Tool Settings...
Lo 2b0 simple 'E'EE | & Settings. ..

Ctrl+Shift+E

Classic Timing Analyzer Wizard, .,

(& Assigrment Editor  ChrH-Shift-+A
|52 Pin Planner Chrh-Shift-+h

Remove Assignments. ..

¢ | { i‘i'r Back-Annokate Assignments, ..

Impork Assignments. ..

Export Assignments. ..

Tasks Assignment (Time) Groups., ..
Floar: | Compilation

Tazk[& Impeort Assignments
'_iff" E Specify the source and categories of assignments to impart.
W File name: - Categores. ..
Vf Copy existing assignments into licht.qsf.bak before importing Advanced...
oK ’ Cancel ] [ Help ]

IAGIERAY



Step 4: Assign Pins to connect switches/lights
to inputs and outputs of your circuit

# Pin & Location Assignments

set_location_assignment PIN_B1 -to LEDGJ9]
set_location_assignment PIN_B2 -to LEDG[8]
set_location_assignment PIN_C2 -to LEDG[7]
set_location_assignment PIN_C1 -to LEDG[6]
set_location_assignment PIN_E1 -to LEDGI5]
set_location_assignment PIN_F2 -to LEDG[4]
set_location_assignment PIN_H1 -to LEDG[3]
set_location_assignment PIN_J3 -to LEDGJ[2]
set_location_assignment PIN_J2 -to LEDGJ[1]
set_location_assignment PIN_J1 -to LEDGJO]
set_location_assignment PIN_D2 -to SW[9]
set_location_assignment PIN_E4 -to SWI[8]
set_location_assignment PIN_E3 -to SW[7]
set_location_assignment PIN_H7 -to SWI[6]
set_location_assignment PIN_J7 -to SW[5]
set_location_assignment PIN_G5 -to SW[4]
set_location_assignment PIN_G4 -to SW[3]
set_location_assignment PIN_H6 -to SW[2]
set_location_assignment PIN_H5 -to SW[1]
set_location_assignment PIN_J6 -to SW[0]
set_location_assignment PIN_F1 -to KEY[2]
set_location_assignment PIN_G3 -to KEY[1]
set_location_assignment PIN_H2 -to KEY]O0]

© 2010 Altera Corporation
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# Pin & Location Assignments

set_location_assignment PIN_E11 -to HEXO[O]
set_location_assignment PIN_F11 -to HEXO[1]
set_location_assignment PIN_H12 -to HEXO0[2]
set_location_assignment PIN_H13 -to HEXO[3]
set_location_assignment PIN_G12 -to HEXO[4]
set_location_assignment PIN_F12 -to HEXO[5]
set_location_assignment PIN_F13 -to HEXO[6]
set_location_assignment PIN_D13 -to HEXO[7]
set_location_assignment PIN_A15 -to HEX1[6]
set_location_assignment PIN_E14 -to HEX1[5]
set_location_assignment PIN_B14 -to HEX1[4]
set_location_assignment PIN_A14 -to HEX1[3]
set_location_assignment PIN_C13 -to HEX1[2]
set_location_assignment PIN_B13 -to HEX1[1]
set_location_assignment PIN_A13 -to HEX1[0]
set_location_assignment PIN_B15 -to HEX1[7]

# Pin & Location Assignments
#
set_location_assignment PIN_F14 -to HEX2[6]
set_location_assignment PIN_B17 -to HEX2[5]
set_location_assignment PIN_A17 -to HEX2[4]
set_location_assignment PIN_E15 -to HEX2[3]
set_location_assignment PIN_B16 -to HEX2[2]
set_location_assignment PIN_A16 -to HEX2[1]
set_location_assignment PIN_D15 -to HEX2[O]
set_location_assignment PIN_A18 -to HEX2[7]
set_location_assignment PIN_G15 -to HEX3[6]
set_location_assignment PIN_D19 -to HEX3[5]
set_location_assignment PIN_C19 -to HEX3[4]
set_location_assignment PIN_B19 -to HEX3[3]
set_location_assignment PIN_A19 -to HEX3[2]
set_location_assignment PIN_F15 -to HEX3[1]
set_location_assignment PIN_B18 -to HEX3[0]
set_location_assignment PIN_G16 -to HEX3[7]

SW:IN STD_LOGIC_VECTOR(N DOWNTO 0);
LEDG: OUT STD_LOGIC_VECTOR(N DOWNTO 0);
HEXO: OUT STD_LOGIC_VECTOR(0 TO N)



Step 5: Compile Design

 Run the Compiler by selecting Processing > Start
Compilation, or by clicking on the toolbar icon that
looks like a purple triangle. »

» Successful (or unsuccessful) compilation is indicated in
a pop-up box; acknowledge it by clicking OK, which
leads to the report shown in next slide

Placement Timing &

& Routing Power
Analysis

Synthesis

Assembler
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Step 6: Examine Compilation Report

@ Quartus I 64-Bit - Dy/introtutorial/light - light

e

File Edit View Project Assignments Processing  Tools  Window Help & Zezrch altera.com L+ ]
DEEHE & % 2R o o [ight EY s, S T W D E EE 5 0>
|Project Navigator se x| & light.vhd 0| & Compilation Report B
Entity " |Tnb|c of Contents o |
|—| B Flow Summary Flow Status Successful - Tue May 08 12:07:57 2012
& cydone 11: EP2C35FS72Ce = ) Guartus II 64-BIt Version 12,0Bulld 173 05/02/2012 51 Full Yersion
She ikt AT T Flow Settings Revision Name light
1 L BB Flow Mon-Default Global Setting °
T Top-evel Entity Name light
ER Flow Elapsed Time :
Ay Hierarchy | B Files | o Design irike ? i Lo
— BH Flow 05 Summary Device EP2C35F672C6
|Tﬂ5k5 | x | B Flow Log Tming Models Final
) ) 4 Total logic elements 1/33,216(<1%)
. ik : | Analysis & Syrthesis d
R [Cmmlah"” '] [C“Eh“'“'m"' ] b (3 Fite Total combinational functions 1/33,216(< 1%)
_ 0 e Dedicated logic registers 033,216 (0 %)
—| | » (3 Assembler Total registers 0
w 4 P Conpile Cesign 3 [ | TimeQuest Timing Analyzer Total pins 3/475(<1%)
o b W Analysis & Synthesis Total virtual pins 0
o l: W Fitter (Flace & Route) Total memory bits 0 f 433,840 (0 %)
o I M Assembler [Generate pr = Embedded Multiplier 9-bitelements 0/ 70 (0%
‘ = : - . _ . Total PLLS 0/4(0%)
; Type M==sage o
@ &) Info (332102): Design 1s not fully constrained for hold reguirements

[» j__}Infcn: fuartus II 64-Bit TimeQuest Timing Analyzer was successful. 0 errors, 3 warnings

jl_}Infr:u (293026&) : Skipped module PowerFlay Power RAnalyzer due co the assignment FLOW ENAELE POWER ANATYZER _|
Ai)Info (293000} : Quartus II Full Compilation wasz successful. 0 errorz, 8 warnings %

|« [ 1 | ;

EE System /% Processing (83) J/\_Extra Info_/\_Info (81) /\_Warning (5) J\_Critcal Warning {3) /\_Eror_/\_Suppressed (6) /\_Flag

w

E Location: v Locate

100% 00:00:53
. g
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Step 7a: Program the DEO Board

FPGA JTAG mode: it will retain its configuration as long as the power

remains turned on.

Active Serial (AS) mode: a configuration device that includes some flash
memory is used to store the configuration data

FPGA JTAG mode: flip the RUN/PROG switch into the RUN position and
select Tools > Programmer

Observe that the
configuration file
light.sof is listed in
the programmer
window. If the file
IS not already
listed, then click
Add File and
select it
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! @ Programmer - Cufintrotutonalflight - light - [ight.cdf]

Ale Edit Wew PFrocessing Toaols  Window  Hep =

USE-Bacter [USE-] Mode: [ITeG

=

[ Enabie real-tme ISP to llw badaground programming (for MEX 11 and MAX ¥ devices)

| Y- ] File Device Checksum

T light. sof EPECISFE72 ODZFEIED

ol Auto Detect

}(. DekEt=

2 Adc Fle..,

Us=rcode

FFFFFFFF

Progreez:

Frooram/
Configure

Fi

verify  Blark- Examine
Chedk

m' Sawve Fil=
& add Device.. .

i e

$omn ||| iy




Step 7a: Program the DEO Board

USB Blaster Circuit
Pi‘;::;:'er PROGRUN . _
@ JTAG Config Signals || CYclor eI
QUARTUS 11 "RU N"
The JTAG configuration scheme
Quartus |l USB Blaster Circuit
Programmer PROG/RUN Auto Power-on
AS Mode Config =
o > Cyclone™ Il
JUARTUS 11 'PROG'
AS Mode
Config
EPCS4
Serial
Configuration
Device
The AS configuration scheme
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The RUN/PROG switch (SW2) is set in JTAG mode



Step 7b: Program the DEO Board

* Here it is also necessary to specify the programming hardware and the mode
that should be used. If not already chosen by default, select JTAG in the

Mode box.

» Also, if the USB-Blaster is not chosen by default, press the Hardware Setup...
button and select the USB-Blaster in the window that pops up

© 2010 Altera Corporation

| {","F Hardware Setup

Hardwars Settings JTAG Settngs
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Step 7c: Program the DEO Board

e Click on the Program/Configure check box
e Press Start in the Programmer window; an LED on the board will light up
when the configuration data has been downloaded successfully

@ Programmer - Cefintrotutonalflight - ight - [ight.cdf] =TI
Rle Edt ‘iew Processng Toals  ‘Window Help = search dtera.com .
LEE-Blaster [USE-O] Mode: [IITAE 1-] Progress: ]
[T Enable rea-tme T5F to allow backoround programming (far MaX T1 and MAX Y devices)
Fll= Device Checksum Lesrcods Frogram | venfy Bl=rk- Examire
P Strt Configure Chedk

oo | | [ sxswen e e QU
aef 2uito Detect

7 Dektz

[E Change Filke... ]

& saveFie

|Wﬂ-dd D:'.rio:...]
IFIl AmnnmEE |

fup | B TSz
o1 H H
& Do S Ei _I
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Step 8: See your design work on the board

m Having downloaded the configuration data into
the FPGA device, you can now test the
Implemented circuit.

m Flip the RUN/PROG switch to RUN position.

m Try all four valuations of the input variables x1
and x2, by setting the corresponding states of the
switches SW1 and SWO.
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Step 9a: Simulate your design

Select Start > All Programs > Altera > University Program >
Simulation Tools > QSim to open the Qsim tools.

Select File > Open Project to display a popup window in which you
can browse your directories and choose a project file (.qpf file).

Select the project you wish to simulate and click OK.

Generate the node finder files by selecting Processing > Generate
Node Finder Files

From QSim, open the Waveform Editor window by selecting File >
New Simulation Input File.

[dle Wersion 12.0 Build 173 05/02/2002 S) Full Version
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Step 9b: Simulate your design

m Save the file under the name light.vwf; note that this changes the
name in the displayed window.

m Set the desired simulation to run from O to 200 ns by selecting Edit >
Set End Time and entering 200 ns in the dialog box that pops up.

m Select View > Fit in Window

€% Simulation Waveform Editor - [Waveformowf

Fie Edt tew Hep & rarch attera,com o
e, = o 0z

faster Tme Bar: 0 ps ] : Imterval: 552 56ns Skort: End:

JED.IEI ns ‘HBl:I.II:I ns -E‘IEI.IEI ns EII):I;I:I -] BEIJ.IEI st

Value atb
dps

Hama
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Step 9c: Simulate your design

Include the input and output nodes of the circuit to be simulated.

[ |
m Click Edit > Insert > Insert Node or Bus: it is possible to type the
name of a signal (pin) into the Name box, or use the Node Finder to
search your project for the signals.
[meuT
Vol bype: |34
Raadie: |Elnur'|r
|::n: ] ::'le
= i [T v
[T i f
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Step 9d: Simulate your design

m We will now specify the logic values to be used for the input signals
x1 and x2 during simulation

m Click on the waveform for the x1 node and using the Edit > Value
command, or via the toolbar, draw the desired waveforms.

m Commands are available for setting a selected signal to O, 1,
unknown (X), high impedance (Z), weak low (L), weak high (H), a
count value (C), an arbitrary value, a random value (R), inverting its
existing value (INV), or defining a clock waveform.

Y Simulation Waveform Editar - [iglmmﬂ‘ ‘_ =8 =
| =] Search altera.co a
e X e 4 D E B OEE T 6 (EE
Macter Tine Bar: 0 ps :4 || + | ponter: 3250 Intenval: 3,75 ne Start: s0.0ns End: 100,01
Dps a0.0ns 30,0 ng 120.0na 160.0n8 200.dns *
= i 0ps ' ' ' '
[T S ga [
[ B0 | | |
B
==
0% [0:00:00

© 2010 Altera Corporation

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. AIE“EE{A
]

and Altera marks in and outside the U.S.
34



Step 9e: Simulate your design

m E.g.setx2to1linthe time interval 50 to 100 ns . Do this by pressing
the mouse at the start of the interval and dragging it to its end, which
highlights the selected interval, and choosing the logic value 1 in the
toolbar.

m Observe that the output f is displayed as having an unknown value at
this time, which is indicated by a hashed pattern; its value will be
determined during simulation.

m Save the file.

€ Simulation Waveform Editor - [ight.m - =& &2
| = Search altzra.com @
A A e E 0 E W OCE R (@R
Macter Tine Bar: 0 ps :4 || + | ponter: 3250 Intenval: 3,75 ne Start: s0.0ns End: 100,01
. value at Il'.'|:|a 4:I.F'n5 aﬂ.'I:I ng lal.ll'.'ns laﬂ.ll:-nn 200na “
ame = -
[ x1 g0 |
[ B0 | | |
-
=1
L 0% [ L0
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Step 9f: Simulate your design

m  To perform the functional simulation, return to the QSim Window and
select Assign > Simulation Settings...

Click the Browse button and select the light.vwf file you created.
Choose Functional as the simulation type, and click OK.

Select Processing > Generate Simulation Netlist.

A simulation run is started by Processing > Start Simulation,

Simulation Settings

Simulation Settings
Specify VWWF File
|D Jintrotutonal /lightaned Browse.., |
simulation Type
¥ Functional " Timing

QK I Cancel |
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Step 9g: Simulate your design

To perform timing simulation choose Select Assign > Simulation
Settings...

Choose Timing as the simulation type, and click OK.
Run the simulator

Observe that there is a delay in producing a change in the signal f
from the time when the input signals, x1 and x2, change their values.

This delay is due to the propagation delays in the logic element and
the wires in the FPGA device

r T = A
& Simulation Wawaform Editor - [light.sim.anw] (Read-Only) =nmey X
File Edit Vew Hep S cearch alters con @
D& % & 4 Z 6 E W e 8 2 5 =)
Master Time Bar: 0 ps 4 | [ v | Pointer: 27,06 Intervals 27,06 1= Start; Erds
. =] 4.0 ns 80.0rs 120.0ns 160,02 ns .0rs -
Wal 1 | 1 1 |
Mame 0 I:;e 2 ] P
B a BU |
P o« B | [ [
=] B | | |
4 r
[ 00800200
b F
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FSM Viewer

m Open the FSM
Viewer

Click Tools

Expand Netlist
Viewers

Click State
Machine Viewer
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Examine State Machine

¥, Quartus |l - D:/Course/Migital Logic/stopper/stopper - stopper - [State Machine Viewer | pulse FSM:FSM|y_Q]
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See the Circuit In RTL Viewer

m Startthe RTL
Viewer

— Click Tools

— Expand the
Netlist Viewers
list

— Click RTL
Viewer
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Examine the Circuit
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SignalTap Il Embedded Logic Analyzer

m A soft logic analyzer

— Instantiate as a module in your
design

m Connects to the board on
which a design is running

m Collects data when a
trigger event occurs

m Displays data on your
computer

m How does it work?
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SignalTap Il Operation
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Altera U. P. Teaching Materials for Digital Logic

m Available for download:

m Tutorials
— Teach students how to use Quartus I, etc.

m Lab Exercises

— 10 digital logic exercises
— Complete with documentation and solutions (both in Verilog and VHDL)

m |P Cores for DE boards
— VGA, Audio I/0O, and others
— Great for projects

© 2010 Altera Corporation

ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. Alm
and Altera marks in and outside the U.S.

44



Altera U.P. Web Site

/AYOTS RYAN, University Program

Educational Materials Announcements dembers Support

Altera Horme = University Prograrm

Altera® University Program provides complete support for introducing students to digital technology. The support includes
hardware, software, and teaching materials. Hardware suppaort is in the form of Development and Education boards ({DEL,
DEZ, and DE3), specially desianed for use in teaching and research laboratories. Software support consists of the
Quartus® II Cormputer Aided-Design software, Mios II soft processor, and simulation tools, Teaching materials comprise
tutorials and ready-to-teach laboratory exercises for use in digital logic and computer organization courses,

The DE boards provide a high-guality, vet low-caost platform, To mitigate the cost of equiping teaching and research
laboratories, Altera University Program boards are provided at a price which is at, or below, the manufacturing cost, Altera
also offers a hardware donation program for qualified schools, Professors and lecturers can request support under this
program through the Members section of this University Program wehbsite,

Also, Altera sponsors design contests for students around the world, These contests have been highly popular and have
resulted in many innovative designs.

For rore information about the Altera University Program and its offerings, click on the links below or read the Altera
University Program Overview document,

Educational Materials
University Program Members
Innovate Design Contests
Support

[ R.ate This Page
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Tutorials

i Introduction to Quartus |1
m Tutorials N

— Getting Started with Altera’s DEO Lab Board

— Introduction to Quartus Il
® With Verilog, or VHDL, or Schematic

— Using library modules (LPMs)
® \With Verilog or VHDL

— Quartus Il Simulation
® \With Verilog or VHDL

—  Timing Considerations
® With Verilog or VHDL

~ Signal Tap Il ﬁ
— Hardware Debugging
— Debugging with ModelSim

Acrobat Document
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Digital Logic Lab Exercises

m Ten lab exercises released
— From basic logic gates to simple processors:

® Lab 1: Switches, Lights, and Multiplexers
® Lab 2: Numbers and Displays

® Lab 3: Latches, Flip-flops, and Registers

® Lab 4: Counters

® Lab 5: Real-time Clock and Timers

® Lab 6: Adders, Subtractors, and Multipliers
® Lab 7: Finite State Machines

® Lab 8: Memory Blocks

® Lab 9: A Simple Processor

® Lab 10: An Enhanced Processor
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Lab 1: Switches and Lights

[* connect switches to lights through FPGA */
LEDG(9) <= SW(9);
LEDG(8) <= SW(8);

[* build a 2-to-1 multiplexer */

X

LEDG <= SW;

m
5
_1-"
a) Circuit
k.4
5 m
0 . x 0 m
1 ¥ ¥ 1
b) Truth table c) Symbol
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... Lab 1

m <= (NOT(s) AND x) OR (s AND y);

Make 3 copies for 3-bit wide 2-to-1 multiplexers,
then connect to 3 LEDs

Build a more complex multiplexer:
2-bit wide 3-to-1 multiplexer

51
S0
2
U—t—0o
2
V —* 00 5
2 01 - M
W—+4 10
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... Lab 1
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00
01
10
11




... Lab 1

© 2010 Altera Corporation

Select and display one of three characters

SW,

SW,

SW ’
5—47‘—|_ 00

SW;_, 01

10
SWy g—d ]

b

AN

8]

Rotate the word dEO on three displays

7-segment
decoder

SWy SWg | Character pattern
00 |d E O
01 |E 0 d
10 |0 d E
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.Lab 1

Extend your design from Part V so that is uses all

Part 6 four 7-segment displays on the DEO board

SWo SWy

Character pattern

00
01
10
11
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Lab 7

m FSM — Sequence Part 1

recognizer

— There is an input w and an Reset
output z.

— Wheneverw =1 or w =0 for
four consecutive clock pulses
the value of z has to be 1;
otherwise, z = 0.

— Overlapping sequences are
allowed, so that if w = 1 for
five consecutive clock pulses
the output z will be equal to 1
after the fourth and fifth pulses
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Lab 7 [Re

Current State Next state Current State Next state

A:
B:
C:

T & M m O

000000001
000000010
000000100

> 000001000
> 000010000
> 000100000
> 001000000
> 010000000
- 100000000

o O O O o o o o

@ W W W m m O O

000000010

> 000000100
> 000001000
> 000010000
> 000010000
> 000000010
> 000000010
> 000000010
- 000000010

A:
B:

Next state

Next state
Logic
r (Combinatorial)

Synchronous State Machine

State
Memory

Current state

o o

P »> Output Logic
g (Combinatorial)
clr

000000001
000000010
000000100

> 000001000

000010000

> 000100000

001000000

> 010000000

100000000
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1

1
1
1
1
1
1
1
1

F:
F:
F:
F:
F:

000100000
000100000
000100000
000100000
000100000

> 001000000

010000000

> 100000000

100000000

Y_D(1) <= (y_Q(0) OR
y_Q(5) ORy_Q(6) OR

y Q(7) ORy Q(8)) AND
NOT (w);

HOOOI—‘OOOOH

/AVO[S RYA,



Lab 7

m FSM — Sequence

recognizer

— Describe the state table for the
FSM by using a VHDL CASE
statement in a PROCESS
block, and use another
PROCESS block to instantiate
the state flip-flops.

ARCHITECTURE Behavior OF part2 1S
SIGNAL Clock, Resetn, w, z : STD LOGIC;
TYPE State type IS (A, B, C, D, E, F, G, H, 1);
SIGNAL y Q, Y_D : State_type;
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Part 2

Reset






