Introduction to Digital Systems — P5 2022-2023

Topics

e Introduction to schematic capture and behavioral simulation based on computer aided
design tools

e Familiarization with the design tools that will be used in the practical classes.

e  Capture of schematic diagrams (logic schemes) and behavioral simulation of elementary
components.

Summary

This practical work is divided into 2 parts. In Part I we intend to introduce the basic aspects of
the tools that will be used in the practical classes of Introduction to Digital Systems (ISD),
based on a simple project using schematic capture and behavioral simulation. Part II discusses
an example of a hierarchical project based on an equality comparator.

Summary of the Design Flow

Figure 1 illustrates the typical design flow of digital systems, based on reprogrammable logic
devices, such as Field Programmable Gate Arrays (FPGAs). In ISD only the initial steps are
covered. The rest will be the subject of study in the subsequent course “Digital Systems
Laboratory - LSD”.

The design entry stage consists of modeling, coding, or introducing the intended functionality.
For such purposes the designer may use hardware description languages, schematic diagrams,
state transition diagrams, or other methods. In the case of ISD, the capture of schematic
diagrams and/or state transition diagrams will be used, depending on which one is more
appropriate for each system. For convenience, the Integrated Development Environment
(IDE) “Quartus Prime” will be used, which has schematic and state diagram editors, as well
as other tools needed to perform all steps of the project flow.

Once the system has been modeled, the next step is its synthesis (logic), i.e. the compilation
of the model to create a netlist (i.e. a set of logic gates, flip-flops, multiplexers, other
components and their interconnections) that implements the desired functionality. This step is
performed by software tools commonly developed by the manufacturer of the implementation
technology used.

System validation can be performed at various stages of the project flow, either by simulation
or real hardware verification. Various tools for time analysis, energy analysis, logic resources
usage, etc. are also normally available from the manufacturer. In this practical work only
behavioral simulation will be performed.

Important Notes: Due to network speed limitations in accessing the personal directory on
arca.ua.pt, on classroom PCs it is recommended to use a USB stick to store your projects and
files. If this is not possible, save and access your work from a directory of drive Z :.

In either case do not use spaces or special characters (e.g. accents) in the project and file paths
as this will cause problems with the use of the tools (this means you should not save your
projects into sub directories of “Desktop” or “My Documents™).

Tip: In Windows create, for example in C:\Users\<User>, a directory structure to save your
ISD projects (e.g. C:\Users\<User>\ISD\P5\Part1\<Project Name>); on Linux you can do so
at /home/<user>/ISD/P5/Part1/<Project Name>).
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Figure 1 - Design flow for FPGA-based digital systems (source: www.xilinx.com).

Part 1
Demonstration of key steps in project flow based on schematic capture and behavioural
simulation

1. Open the "Quartus Prime" application and create a new project (menu "File—>New Project
Wizard") according to the following steps (Figures 2 to 9).

Quartus Prime.

Fie Edi View Project Assignments Processing Tools Window Hep @

OFHd<~0 D ¢

Project Navigator | iy Hierarchy -|l=ms =

Powerful Shift in FPGA Design

Drive change in your design methodology
with Quartus Prime v16.0

I {4 Compiation Hierarchy

Tasks| Compiation r|=m@e x

Tt ¢ Quartus‘Prime
4 P Compik Design I
b B Analysis & Synihesis Development Suite
b P> Fitter (Place & Route) sion 15.1 Lite Edition
b B Assembler (Generate programming
b P TimeQuest Timng Analysis
b P EDA Netlist Writer
W Edi Settings
 Program Device (Open Programmer)

i 3
B & W <<Fiters> B8 Find.. | |48 Find Next

Type ID  Message
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Figure 2 - Initial aspect of the “Quartus Prime” application (without any project opened).
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% New Project Wizard @

Introduction

The New Preject Wizard helps you create a new project and preliminary project settings, including the following:

Project name and directory

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

Target device family and device
EDA tool settings

(AR R R J

“'ou can change the settings for an existing project and specify additional project-wide settings with the Settings
command (&ssignments menu). You can use the various pages of the Settings dialog box to add functionality to the
project.

[]:Don't show me this introduction again

Figure 3 - Introductory initial step (can be disabled).

(@ New Project Wizard @

-

Directory, Name, Top-Level Entity

What is the working directory for this project?

C\Users\asroliveiralSDig\GP4\Parte1 &)
What is the name of this project?
GateDemo

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.

GateDemo

Use Existing Project Settings..

[ < Back ][ Mext = ][ Einish ][ Cancel ][ Help ]

Figure 4 - Step 1 - Identification and location of the project in the file system - adapt according to the directory
used, which cannot contain spaces or special characters, e.g. accents.
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% New Project Wizard

Project Type
Select the type of project to create.

@ {Empty proje

settings.

) Project template

Quartus Prime software, or design

Create new project by specifying project fies and libraries, target device famity and device, and ED&A tool

Create a project from an existing design template. You can choose from design templates installed with the
from the Design Store.

[ < Back ][ Next > ][

Finish

] [ Cancel

J

Help

Figure

5 - Step 2 - Select the type of project to create (empty project in this case).

(@ New Project Wizard

=

Add Files

to the project.

Mote: you can always add design files to the project later.

Select the design files you want to include in the project. Click Add All to add all design files in the project directory

File name: D Add
LY X Add Al
File Mame Type Library Design Entry/Synthesis Tool HDL Version Remove

Up

Down
Properties

Specify the path names of any non-default libraries.
[ < Back ] [ Mext = ] [ Einish ] [ Cancel ] [ Help ]

Figure 6 - Step 2 - Adding pre-existing files (not used in this project).
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\# New Project Wizard -

Family & Device Settings

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 Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family

Famiy: |Cyclone IV E -

Devices: | All

Target device
@ Aute device selected by the Fitter

| Specific device selected in "Available devices’ list

Show in ‘Available devices' list

Package: [Any - ]
Pin count: [Any - ]
Core Speed rade: [Any -]
Wame fiter:

Show advanced devices

Dther: nfa

Ayailable devices:

Name Core Voltage LEs Total I0s. GPIOs Memory Bits Embedded multiplier 9-b +
EPACESEZ2AT 12V 6272 @2 2 276430 30 [
EP4CEGE22CE 1.2V 6272 @2 2 276430 0
EP4CEGEZ2CT 1.2V B2 @2 -] 276480 30
EP4CEBE22CE 1.2V &2 @2 %2 276430 30
EP4CEGE22CEL 1.0V 6272 @ %2 276480 30
EP4CEBE22CSL 1.0V 672 @2 ®2 276480 30
EP4CEGEZZF 1.2V 6272 @2 2 276430 0
EP4CEGEZ2EL 1.0V 6272 @2 ] 276480 0 =
| mn | +

[ < Back ] hiexi > [ Finish ] [ Cancel ] [ Help ]

Figure 7 - Step 3 - Selection of the device (FPGA) used in the implementation (as the only behavioural
simulation is intended, the selection of a concrete device can be omitted).

(G New Project Wizard & =5
EDA Tool Settings
Specify the other EDA tools used with the Quartus Prime software to develop your project
EDA tools: I
Tool Type Tool Name Format(s) Run Teol Automatically
gDesign Entryfs‘,rnthesisé[<Nune= v] =None> Run this tool automatically to synthesize the current de
Simulation [MndelE,lrn—Altarﬁ - ][VHDL - ]D Run gate-level simulation automatically after compilation
Formal Verification <Hone=
Boundary Scan =None=
4 | 1 *
[ < Back ] [ Next > ] [ Finish ] [ Cancel ] [ Help ]

Figure 8 - Step 4 - Selection of the tools and languages used in the project flow (use default values).
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{34 New Project Wizard

Summary

Project directory:
Project name:
Top-level design entity:
Number of files added:
Number of user libraries added:
Device assignments:
Design template:
Family name:
Device:
EDA tools:

Design entry/synthesis:

When you click Finish, the project will be created with the following settings:

C:\Users\asroliveira\ISDig\GP4\Parte1
BateDemo

BateDemo

o

o

n/a
Cyclone M E

AUTO

<Nones (<None=)

Simulation: ModelSim-Altera (VHOL)
Timing analysis: 0
Operating conditions:
Core voltage: n/a
Junction temperature range: n/a
[ <Back | nee= | [ Finen Help

Figure 9 - Step 5 - Final summary of project creation.

2. After pressing “Finish” the “Quartus Prime” IDE should look like Figure 10.

(& Quartus Prime Lite Edition - C:/Users/asroliveira/1SDig/GP4/Parte1/GateDemo - GateDemao

» ] (=] 8 ot

File  Edit

R = I e ==

View Project Assignments Processing

Tools Window

Project Navigator [ 4% Hierarchy

v]Emﬂ x

4 Cyclone IV E: AUTO
» GateDemo 78

Entity:Instance

<

m ] 3

Tasks| Compilation

v]Emﬁl x

4 = Compile Design
> P Analysis & Synthesis
> = Fitter (Place & Route)
> P Assembler (Generate programming
[» P TimeQuest Timing Analysis
> P EDA Netist Writer
B Edit Settings.
“ Program Device (Open Programmer)

m

Task

b

Powerful Shift in FPGA Design

Drive change in your design methadology
with Quartus Prime v16.0

)/ SSOD>+» 59O LOHE

Search altera.com (]

A= B EE T <o 8 e

g Type b)) Message

i

2« v
b

2| System PTDDE:ismgl

0% 00:00:00

Figure 10 - Aspect of the “Quartus Prime” IDE after project creation.

3. Create a new file for a schematic diagram (“File—>New” menu) according to Figure 11.




Introduction to Digital Systems — P5

2022-2023

I New

.

New Quartus Prime Project
4 Design Files

AHDL File

Block Diagram/Schematic File
EDIF File

Qsys System File

State Machine File
SystemVerilog HOL File

Tcl Script File

Werilog HOL File

WHOL File

4 Memory Files

Hexadecimal (Intel-Format) File
Memory Initialization File

4 Verification/Debugging Files

In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program VWF

4 Other Files

AHDL Include File
Block Symbol File
Chain Description File

m

(

oK l[ Cancel ][ Help

)

Figure 11 - Selection ofkthe file type to create (Block Diégram / Schematic File).

4. Add a 2-input AND logic gate using the “Symbol Tool” toolbar button (Figure 12 a)) and
choosing the component according to Figure 12 c).

5. Add two input ports and one output port using the “Pin Tool” toolbar button (Figure 12 b)).
=

) inm-
:[.J‘ =
Symbol Tool

_‘3“.‘ Output
|ig  Bidi

o)

5 symbol

Libraries:

7

4 [ claltera_ite/5. 1iquartusfibraries/ =
> £ megafunctions E

> £ others N

4 [ primtives

> €1 buffer

4 5 logic

£ andiz
B andz

£ an
£ an

d3
d4 ke

Name:

andz

Repeat-insert mode

Insert symbol as block

¢)

Figure 12 - “Tool Tool” and “Pin Tool” toolbar buttons and AND logic port selection in the Quartus Prime

component library.

6. Link the input, output, and logical ports according to Figure 13. Identify each of the
elements according to the names shown in Figure 13.
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(b Quartus Prime Lite Edition - C:/Users/asroliveira/ISDig/GP4/Partel/GateDemo - GateDema

=] ol

Or~H [N

File Edt View Project Assignments Processing Tools Window Help @

RS ——— Yo X

Project Navigator | ., Hierarchy

TJ=me -]

Entity- Instance
A Cyclone IV E: AUTO
* GateDemo £y

e |

Block?.bdf*

D e-0"17170

> rhOOLEOHE

Search attera.com @

b

=]
EklawA

a |
“NNNYOONNFFEL <A H

Tasks| Compiation v|=me = || P 7
= — /=18 -
inPort0
4 P Compie Design VCC ‘ ~ OUTPUT  — outPort E
> B Analysis & Synthesis inPort1 — \%E%T i
> W Fitter (Place & Route) AND2 1 B o
> B Assembler (Generate programming u
> B TmeQuestTimng Analysis || . . . . ...
> B EDA Netlst Writer
W et Settings
4 ProgramDevice (Open Programmer) || . .
<] i ] SIE I '
=
Im oee ® v
? Type ID Message
H
&l [
i
£ | system [ Procsssing |

301,178 0%  00:00:00

Figure 13 - Interconnection of AND logic port and input and output ports and identification of the various circuit
elements (to rename a component or port, double click on the current name).

7. Save the file, whose name should be “GateDemo.bdf” (Figure 14).

Save As

[S==)

() [)7 «1sDig » GPa + pariet »

~ [ 44| search parte1

-

Organize ¥ New folder
¢ Favorites Name
Bl Desktop | db

4 Downloads E
% Recent Places

| CloudsStation
23 Dropbox

& Google Drive
£ MEOCloud

! ownCloud
& OneDrivefor Bus
& OneDrive

Date modified

17-10-2016 03:43

= -
Type
File folder

<[

.

r

File name: GateDemo.bdf

Save as type: | Block Diagram/Schematic Files (*.bdf)

)

# Hide Folders

[#] Add file to current

project

o] [Com ]

Figure 14 - Dialog for saving the GateDemo.bdf file.

8. Now the behaviour of the logic gate used will be validated by simulation. However, before
performing the simulation, execute the ‘“Analysis & Synthesis” option to analyse the
structural correction of the project. After running Analysis & Synthesis the IDE should look

like Figure 15.
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Quartus Prime Lite Edition - C/Users/asroliveira/ISDig/GP4/Partel/GateDemo - GateDemo =3 P
'
Fie Edi View Project Assignments Processing Tools Window Help @ Search atera.com =)
, , . ; .
= T 4 2
(R < > > B
Project Navigator [,, Hierarchy v]E@a = || £ GateDemo.bdf x] | (=3 Compiation Report - GateDemo []
Entty:nstance Table of Contents m=
2 Gyoione VE AUTO B Flow Summary Flow Status Successful - Mon Oct 17 23:31:04 2016
Quartus Prime Version 15.1.1 Buid 189 12/02/2015 SJ Lite Edition
E3 GateDemo EE Flow Settings
Eo S5 Fiow Hon-Defau Gbbal St Revision Name GateDemo
iow Hon-Default Global settngs Top-level Entity Hame GateDemo
Rl F—— ' B Flow Elspsed Time Fami Cycione VE
B Flow 0S Summary Top-level Entity Name
Tasks| Compiation rl=me = 1
E Flow Log Total combinational functions 1
Task b Analysis & Synthesis Dedicated logic registers []
4 P Compile Design © Flow Wessages Total registers. ]
> P Analysis & Synthesis © Flow Suppressed Messages Total pins 3
> W Fiter (Place & Route) Total virtual pins ] 1
» P Assembler (Generate programming W=t D 0
Embedded Multiplier 9-bit elements 0
> P TimeQuest Timing Analysis
Total PLLs 0
> > EDA Netiist Writer
I Edit Settings
& Program Device (Open Programmer) I
<[ (0 ] ’
x
@ eEm® Broires
[E Type ID M
Fy *
> @ Running Quartus Prime analysis & synthesis
[ ] command: quartus_map --read_settings_files=on --write_sertings_files=off GateDemo -c GateDemo
@ 20030 Parallel compilation is enabled and will use 2 of the 2 processors detected
» @ 12021 Found 1 design units, including 1 entities, in source file gatedemo.bdf
@ 12127 Elaborating entity "GateDemo" for the top level hierarchy
@ 286030 Timing-Driven Synthesis is running
» @ 16010 Generating hard_block partition "hard_block:auto_generated_inst”
» @ 21057 Implemented 4 device resources after synthesis - the final resource count might be different
P N ) quartus prime analysis & synthesis was successful. 0 errors, 0 warnings
g, g
8
2 || system | Processing (10)
49,195 100%  00:00:25

Figure 15 - “Quartus Prime” IDE after running “Analysis & Synthesis”.

9. Simulate the behaviour of the logical port by creating a VWF file (“File—>New” menu)
according to the steps described in the following points (described in Figures 16 to 18).

-
o New

=)

4

New Quartus Prime Project
Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
QOsys System File
State Machine File
SystemVVerilog HOL File
Tcl Script File
Verilog HDL File
WHDL File
Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program WVWF
Other Files
AHDL Include File
Block Symbol File
Chain Description File

[

m

(

0K ][ Cancel H Help

)

Figure 16 - Selection of file type to create (“University Program VWE”).

10. After pressing “OK” the next window should open, where the signals to be used in the
simulation should be indicated (Figure 17).

11. Through the “Edit—Insert—Insert Node or Bus” menu, then pressing the “Node Finder”
and “List” buttons, select all input and output ports of the circuit (Figures 17 and 18).
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15 Simulation Waveform Editor - /L D fl 2] olb e
Fie Edt Vew Smuaton ftep @ Search akera.com ) ~
(e % & A Z)EE B EEIZ)E 2 a8/ e =2
Master Time Bar: 0 ps E E] Fointer: 0 ps Interval 0 ps Start Eng Name
0ps  800ns  1600ns 2400ns  3200ns  4000ns 4800ns  S600ns  640.0ns  7200ns  8000ns  880.0ns  960.0ns .
T Vﬁn\uEM . ! i i i i i i i i i i v Type: INPUT -
ps s
. Node Finder...
Radix: Binary N
X Dekete Del .
Insert Node or Bus. .
Startindex: 0
Grouping »
Reverse Group or Bus Bit Order Display gray code count as binary count
Radix »
i il
&' Properties
Insert a new node or GO 0% 00:00:00

Figure 17 - Simulator window before specifying the input and output signals to be used in the simulation.

- 3
T Node Finder [ {3 Node Finder [
Named: * Fiter: | Pins: all [ ok ] Named: * Fiter: Pins: al [ ok ]
Lo o o =

Nodes Found: Selected Nodes: Nodes Found: Selected Nodes:
Name Type Name Type Name Type Na‘me Type
& inPortd Input & inPortd Input & inPortd Input
iﬂ_ inPort1 Input L Input a_ inPort1 Input
@ outPort Output 4 outPort | Output @ outPort Output
4 M | » 4| . | » 4| 1 3 < | m | »

Figure 18 - Specification of input and output signals to be used in the simulation.

12. After pressing “OK” you can specify the desired values for the circuit inputs over time -
the output value (s) will be determined during the simulation. Use the mouse to select the
time-frame sections of the desired signal with the logical value you want it to assume (Figure

19).

-
(% Simulation Waveform Editor - C:/Users/asroliveira/ISDig/GP4/Partel/GateDemo - GateDemo - [GateDemo.vwf] L‘:"J [ =HC éj
File Edit Wiew Simulaion Help @ Search altera.com G
(e = o & 2 00)E B )EE 2R 2wk 2 E)H
Master Time Bar: 0 ps E E] Pointer: 9%2.02 ns Interval: 992.02 ns Start: Ops End: Ops
0ps 160.0 ng 3200 ns 420.0 ne 640.0 ng 200.0 n= 9600ns *
Name Value at ' ' ' ' ' '
0ps 0ps
i, inPortd B O
&  imPortl  BO L
- outPort BX
4 K (1 | |-
0% 00:00:00
L=

Figure 19 - Simulator window after specifying the input signal waveforms (vectors).

13. After specifying the simulation values (vectors), save the file with the name

“GateDemo.vwf” (Figure 20).

10
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Save Vector Waveform File

Cloudstation

UE Jo| |« ISDig » GP4 ¥ Partel » 2|
Organize ~ New folder (7]
S + Mame : Date modified Type

X
B Deskiop db 17-10-2016 09552 File foldel
18 Downloads = incremental_db 17-10-2016 09552 File foldel
] Recent Places sutput files 17-10-2016 09552 File folde

4% Dropbox

& Google Drive

= MEOCloud
ownCloud

& OneDrive for Bus

@& OneDrive

- 1 i

*

File name: | GateDemo.vwf

Save as type: | University Program VWF (vwf)

]

' Hide Folders project

[@] Add file to current

Save Cancel

L Figure 20 - Dialog for saving the file “GateDemo.vwf”.

14. Run the simulation through the “Simulation—Run Functional Simulation” menu, which

should open a window similar to Figure 21. After

the simulation you should get the value of

the logic gate output corresponding to the inputs you specified (Figure 22).

(G Simulation Flow Progress

Completed successfully.

x= Generating the ModelSim .do script =

c do generated
Completed successfully.
== Running the ModelSim simulation ***

cilaltera_lite/15. im ¢ -do GateDemo.d

Reading C:/altera_lite/15.1/modelsim_aseftclvsimipre icl

#10.4p

#do GateDemo.do

# Model Technology ModelSim ALTERA viog 10.4b Compiler 2015.05 May 27 2015
# Start time: 09:57:13 on Oct 17,2016

#viog -work work GateDemo.vo

#— Compilng module GateDeme

#

#Top level modules:

# GateDemo

# End fime: 09:57:13 on Oct 17,2016, Elapsed time: 0:00:00

# Errors: 0, Warnings: 0

# Model Technology ModelSim ALTERA viog 10.4k Compiler 2015.05 May 27 2015
# Start time: 09:57:13 on Oct 17,2016

#viog -work work GateDemo.vw1.vt

# — Compiing module GateDemo_vig_vec_tst

#

#Top level modules:
# GateDemo_vlg_vec_ist

#End time: 09:57-14 on Oct 17 2016, Elapsed time: 0:00:01
#Erors: 0, Warnings: 0

Figure 21 - Circuit simulation compilation and execution window with the specified input vectors.

Figure 22 - Simulator window with

circuit behaviour.

output signal waveform as a functi

- ,
{3 Simulation Waveform Editor - C/Users/asroliveira/ISDig/GPA/Parte1/GateDemo - GateDemo - [GateDemo_20161017095714.sim. mis... -] {51 [ o)
File Edit View Simulation Help @ Search attera.com Q

(D& & o A & )E)E B )EE 2 )E o xt 2
Master Time Bar: 0 ps E] E] Pointer. 968.07 ns Interval: 968.07 ns Start: End:
0 ps 160.0 ne 320.0 ne 480.0 ns 540.0 ns 800.0 ns 9650.0ns *
Name Value at i i i i i i
Ops 0 ps
& inPort0 BOD
&  nPortt B0 L
- outPort B O
4 » 4 n L[ £
|
0%  00:00:00
L = = S =

on of the specified input vectors and
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15. Add to the “GateDemo.bdf” file the instantiation of an inverter to construct a NAND
logical port (instantiating a component from a library means using it in the context of a
project). Perform the behavioral simulation of the set.

Part I1
Hierarchical Design Demonstration

1. Create a new project by replicating the steps in part 1 of this guide. Designate the new
project and its top-level entity as “EqCmpDemo”.

2. Create a new file for a schematic diagram called “EqCmp4.bdf” to implement a 4-bit word
equality comparator (Figure 23). At the end of editing the logic scheme, the circuit should
look similar to Figure 24. Use the “xnor” and “and4” components of the Quartus Prime
library accessible through the Symbol Tool.

nput0[0 nputl[0

nputO[1 nputl[l

nput0[2 nputl[2

4 nput0[3 nputl[3
—/» input0

p— cmpOut >
4
—/» inputl
cmpOut

Figure 23 - Logical diagram of the 4-bit word equality comparator.

( Gk Quartus Prime Lite Edition - C:/Users/asroliveira/ISDig/GP4/Parte2/EqCmpDeme - EqCmpDeme =) o ]
File Edt View Project Assignments Processing Tools Window Hep @ oo — ®
OfF=Hd T Fr=—— ¥ X% 0] R RN
project Navigator [ [ Fies v|=@s x ‘ I EqCmp4 b ‘
! | pu 7
EFDIJI,CSEqumw _.[EQWAI’; '"-"D'T.'_J.DT'\\NEIC)\\»U”
w.\fl.‘l‘ <] input0[3..0] :

P inputi[3.0]

Tasks| Compilation c|=m@e x

Inputa]3] -
Inputt3]
inputo] 2]
inputt{2]
Inputo] 1]
Input 1]
inputo] 0]
input1{0]

Task

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

{

X Nor
i
NGR.

XNor
NOR.

XNor
al
NOR

XNor_|
{
NOR

> P Assembler (Generate programming

» P TimeQuest Timing Analysis Lo =
> B EDA Netlist Writer R Co : R NG
I Edit Settings . e A
4 Program Device (Open Programmer}
}% e podi
©and_1
- - e — R -
© & @) “efier> 88 Find Next

Il [ m x

Type ID Message

Messages

System | Processing |

408,173 0% 00:00:00

Figure 24 - Logical diagram of the 4-bit word equality comparator with interconnection and identification of the
various circuit elements.

3. Create a symbol for the “EqCmp4” module so that it can be used in a schematic diagram as
shown in Figure 25 and write it with the name “EqCmp4.bsf” (Figure 26).
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(S Quartus Prime Lite Edition - Ci/Users/asroliveira/ISDig/GP4/Parte2/EqCmpDemo - EqCmpDemo = el
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o Er— - 35 o) 28 S R TR 3
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Figure 25 - Creation of a symbol for the “EqCmp4” module.

Il Create Symbol File

==

Lookin: [ | CUserslasroliveiraVSDig\GP4\Parte2 -0 © O LM
.‘! My Computer Name = Size Type Date Wodified
) | db FiL..der 17-10-20..23
R. asroliveira
4| 1] | 3
File name: EqCmp4.bsf Save
Files of type: Symbol File (%.bsf) <] [ cancel |

Figure 26 - Recording of file “EqCmp4.bsf” relative to module symbol “EqCmp4”.

4. Create a new file for a schematic diagram called “EqCmpDemo.bdf” to instantiate the
equality comparator built in the previous point (Figure 27) and link its ports as illustrated in

Figure 28.
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Pﬂ Symbol

=)

Libraries:

4 & FProject
B EqCmps.

]

» £ cJakera_ite/15.1/quartus/ibraries/

Name:

Repeat-insert mode:

[7] Insert symbol as block

EqCmpd

* {EqCmpd

- =t input0f3..0]
- =—tinput1[3..0]

cmpOut [ -

Cinkr

Figure 27 - Instantiation in a schematic diagram of the module “EqCmp4”.

(G Quartus Prime Lite Edition - C:/Users/asroliveira/ISDig/GP4/Parte2/EqCmpDemo - EqCmpDemo & 2] O )
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Tasks] Compiation rl=me =
Task EgCmp4
4 - Compie Design L
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Figure 28 - Interconnection of the “EqCmp4” module and the input and output ports and identification of the
various circuit elements in the “EqCmpDemo” module.

5. Perform the behavioural simulation of the comparator.

6. Build and simulate a 16-bit comparator from the instantiation of 4-bit comparators and in
as few elementary logic gates as possible.
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