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[bookmark: _Toc71239466]Abstract
The aim of this experiment is to get more experience in using QuartusII and the Verilog HDL language, also, getting to know more about coding some digital circuits such as 4-bit full adder, 4-bit comparator, etc.































[bookmark: _Toc71239467]Theory
A. [bookmark: _Toc71239468]QuartusII Software
Is a software that provide user with ability to design and simulate different programmable chip designs.

B. [bookmark: _Toc71239469]Verilog HDL
Hardware description language, it describes the hardware of digital systems in a textual form, it also can represent logic diagrams, expressions and complex circuits.

C. [bookmark: _Toc71239470]Logic Simulation and Synthesis
Logic simulation mainly produce timing diagrams that predicts how the hardware will behave before it is fabricated and allows the detection of functional errors in a design before physically implementing the circuit.


































[bookmark: _Toc71239471]Procedure and Discussion
A. [bookmark: _Toc71239472][image: ]4-bit Full adder[bookmark: _Toc71239415]Figure 1: 4-bit Full Adder HDL Verilog code
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[bookmark: _Toc71239416]Figure 2: 4-bit Full Adder waveform
B. [bookmark: _Toc71239473]4-bit Comparator 
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[bookmark: _Toc71239417]Figure 3: 4-bit Comparator HDL Verilog code
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[bookmark: _Toc71239418]Figure 4: 4-bit Comparator waveform

C. [bookmark: _Toc71239474]2 x 1 Multiplexer
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[bookmark: _Toc71239419]Figure 5: 2x1 multiplexer HDL Verilog code
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[bookmark: _Toc71239420]Figure 6: 2x1 multiplexer waveform
[bookmark: _Toc71239475]Final Block Diagram
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All the three circuits mentioned before, were connected together to mage the block diagram above, and it represents the adder-comparator system depending on the selection bit added to the circuit, if it was 0 then the addition of the inputs A and B will be the output, but if the selection bit was 1 then the result will be comparison between A and B.


[bookmark: _Toc71239476]Conclusion
In this experiment every circuit mentioned before was tested and simulated, all of them worked successfully and gave results as expected, so in conclusion this experiment helped us to build a digital system using different and separated modules.
2

image2.png
Q Quartus Il - D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXP8/EXP8/EXPS - EXP8 - [FA_4Bit.v]
& File Edit View Project Assignments Processing Tools Window Help -

D@ & B | o |[exps S|SB T > WD |2 P W00

Projectavigetor 2 X = 1 =module FA 4Bit (S, Cout, A, B, Cin);
3 Files £ 2
3¢ FA_4Bt.] [y 3 output [3:0] S;
3¢ COMP_4Btv | a7 4 output Cout:
59 MUXy Ty B input [3:0] A, B:
0 € input Cin:
7
8
s 9 assign {Cout, S} = A + B + Cin;
10
11 endmodule
12

FEEIETEES

261
26

!

=1

=1 >

Type Message

1) R L
& y Info: Running Quartus II Classic Timing Analyzer
i Info: Command: quartus_tan --read settings_files=off --write_settings files=off EXPS -c EXPS --timing_analysis_only
& y Info: Longest tpd from source pin "I1" to destination pin "Q" is 8.495 ns
& ,y Info: Quartus II Classic Timing Analyzer was successful. 0 errors, 0 warnings
j/ Info: Quartus II Full Compilation was successful. 0 errors, 5 warnings
v
&\ System (5] )\ Processing (52) { Estialnfo }, Info(47) }, Waring (5] ), CilicalWaming }\ Ertor ), Suppressed (] J\ Flag /
£ [Message:0 el 110 2| ¥ [Cocation 2
For Help, press F1 Ln 12, Col 1 Gl Idle NUM

L Type here to search 06/05/2021




image3.png
@ Quartus Il - D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXPS/EXPS - EXPS - [Simulation Report - Simulation Waveforms] - X

& File Edit View Project Assignments Processing Tools Window Help

- & x
DSLHP & 2@ o M s @@S[T(>Wr |00 %00 B0
Project Navigator = ~ x  [Z4=3 Simulation Rep
Q Fies &8 Legal Notic | Smuiation mode: Functional
{59 FA_4BLy &S Flow Summ
329 COMP_4Bit.v &R Flow Setting
¢ MUX2bylv =& Simulator
LB [FA2Bt_wave &SEE Summa | | Master Time Bar: 24525 ns Intervak -988ns Start: Ops End Ops
&R settings
SO Simulati 800ns 110,0ns 1200ns
&0 Simulati
o e LD EIID SEDEED SLDEED G D EID G- DS G0N E0H G0 B
b 9 U EIBEIBSFBSEREEDEENE 0 X2 B @ (Bl 16T T T L
11 1 1 1 1 1 1 —
| —
X XX T X E 1 X0 X B
< >
NE < >
%[ Type [Message ~
f v Info: Using vector source file "D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXPS8/FA_4Bit_wave.vwf™
Info: Option to preserve fewer signal transitions to reduce memory requirements is enabled

g
§
5

Y Tafn: Gimmlarinn masrisicmed Snen 1 ewh_eimnlasione v

<
System (33) ), Processing (9) { Exralnfo ), Info(3) ), Wamning ), Citical Waming J\ Enior ), Suppressed ) Flag /

& [Message: 0ol 16 2| ¥ [Cocation

For Help, press F1 oWl & | Ide

L Type here to search




image4.png
Q ‘Quartus Il - D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXP8/EXP8/EXPS - EXP8 - [COMP_4Bit.v]
& File Edit View Project Assignments Processing Tools Window Help -

Deda@ & B | v o ||exps Sl es@@ s |Q|» ¥ > e % W e
ProjectNavigator =~ X " 1 =module COMP_4Bit (A, B, out);
3 Files = 2
309 FA_4Btv [y 3 input [3:0] A;
¢ COMP_2Bt] [ a» 4 input [3:0] B;
55 MUXzby 1y 5 output [3:0] out;
B FA4Bowave| U _5; reg [2:0] out;
B COMP_462_w 8  always @(A or B)
B MUX2byl_wa 5 begin
10 if(A > B) begin //check if A >
1 out [0] = 0; // less than
12 out [1] = 0; // equal
13 out [2] = 1; // greater than
14 end
15 = else if (A == B) begin //Check if A = B
16 out [0] = 0;
17 out [1] = 1;
18 out [2] = 0; end
195 = else begin //Otherwise - check for A < B.
20 out [0] = 1:
— 21 out [1]
E44 22 out [2]
o 23 end
24 end
25
— 26  endmodule
27
o
< >| =
EIF < >

Type Message
Warning: Found 3 oUTPUT pins without output pin load capacitance assignment

Info: Delay annotation completed successfully

Warning: The Reserve All Unused Pins setting has not been specified, and will default to 'As output driving ground'.
Info: Quartus IT Fitter was successful. 0 errors, S warnings

Info: Running Quartus II Assembler
Info: Command: quartus_asm --read_settings_files=off --write_settings_files=off EXPS -c EXPE v
< >
[\ System (8] ) Processing (43) /{ Extralnfo J\ Info(38) , Warming(5) ), Cilical Waming )\ Evor ), Suppressed (5], Flag /
£[Message: 00 % 2| ¥ [Cocation 2
For Help, press F1

P Type here to search B ENG 052021





image5.png
@ Quartus Il - D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXPS/EXPS - EXPS - [Simulation Report - Simulation Waveforms] - X

& File Edit View Project Assignments Processing Tools Window Help & x
DEWH@ &) B@|o o |[ors X @RS T oD (0|8
Project Navigator = ~ x  [Z4Z3 Simulation Report
3 Fies &B Legal Notice ‘Simulation mode: Functional
1§59 FA 4Bty &SP Flow Summary
o COMP_4Bty] | | ~&HER Flow Settings
¢ MUX2bylv =& Simulator
B FA_4Bt_wave & Summary Iy Master Time Bar 24525ns || Pointer 30 ps Interval: 2417ns Start: Ops End| Ops
Sett
| g m’:;;::f ;: gigmﬂﬂimw,,,,m A . ps 100ns 200ns 300ns 400ns 500ns 600ns 700ns 800ns 900ns 1000ns 1100ns
&1 Simulation Coverage | ¢ — 205%5ns
S N Ueage ST YT EREs X JEUB SN SV SIS S B EIEN SIB LD EU) X I o] YauN
&8 Messages By (1 A3 | |
pry ] A2 - _ _ -+t 1 O
= Alll 1 | | 1 1 1 |
N (e A0l 1 1 1 1 1 1 1 1 1 1 1 —
-5 | @8 0] X I G I G ) o] [ G v I S I G ) 0] ]
o, (6 B[3
8%
A 127 B[2) - 1
8 8 B[1]
[ 80} 1 1 1 1 1 —
D10 | EHot X 0] X ]
w11 out[2]
012 out(1]
|13 | outf0] —_—
< >
EF | < > < >

[Message ~
nfo: Command: quartus_sim —-read_sscttings files-on —-write_settings_files=off EXPE —c EXPE

Info: Using vector source file "D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXPS/COMP_4Bit_wave.vwe"

Info: Option to preserve fewer signal transitions to reduce memory requirements is enabled

®

eeeeees

Info: Simulation partitioned into 1 sub-simulations
Info: Simulation coverage is 100.00 &
Info: Number of transitions in simulation is 1871
Info: Quartus II Simulator was successful. 0 errors, 0 warnings v
< >
g System (33) ), Processing (9) { Exralnfo ), Info(3) ), Wamning ), Citical Waming J\ Enior ), Suppressed ) Flag /
H{==r5s 2| #|[Toion =
Locati
For Help, press F1 ocaton: [GwB & |

L Type here to search





image6.png
Q Quartus Il - D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXP8/EXP8/EXPS - EXP8 - [MUX2by1.v] -
& File Edit View Project Assignments Processing Tools Window Help -

DEL@ & 2 | o o |[exrs M s @G D > 0D k(S0 &0

Project Navigator — ~ x

e = 1 =module MUXPbyl (Q, 10, II, S):
3 Files = 2
§55 FA 4Bty 'y 3 output O;
39 COMP_4Bitv | 4 4  regQ:
¢ MUX2by1y] e 5 input IO, I1, S;
B FA 4Bt wave| U :
B COMP_462_w 8  always @ (I0, I1, S)
B MUXByiwal o Bl moein
10 if (5 ==0)
A 11 Q = 10;
% 12 else
13 Q=11
* 14 end
% 15 endmodule
16
0
ad
[as1
B4
,
2
>
< >
%[ Type [Message ~

|| & Warning: Waveform settings file D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXP:/EXPS/db/wed.wsf at (1ine:252, col:3l) has warning : no such channel in waveform file, ignore display line settings for this sig
&\ Warning: Waveform sectings file D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXPS/db/wed.wsf at (line:2€0, col:28) has warning : no such chamnel in waveform file, ignore display line settings for this sig

< >
System (166) 4 Processing (3] A Estialnfo J Info(3)  Waming ) Ciical Waming ) Enior ) Suppressed A Flag /

g
§[Message 0or 166 4| ®|[Tocstion 2
For Help, press F1 Ln1,Col1l_[G®B & ide NUM

P Type here to search 3 d) ENG

06/05/2021




image7.png
@ Quartus Il - D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXPS/EXPS - EXPS - [Simulation Report - Simulation Waveforms] -

X
@ File Edit View Project Assignments Processing Tools Window Help -8 x
DEWH@ &) B@|o o |[ors X @RS T oD (0|8
Simulation mode: Functional
Iy Master Time Bar 45ns «|»| Pointer 477 ns Intervat 968ns Start End:
A n N 400ns 500ns 60ns 709ns { 900ns 1000ns 1100ns 1200ns 1300ns
* 2%, 2448508
& @0 0 i 1 1 1 1 1 1 1 1 1 1 1 1 1 —
i [ 1 1 1 1 1 1 1 1 1 1 1 1 1 —
P ! 1 1 1 1 I 1 —
w23 0 ' I S e e S D T S | L L1 1 L 1
N
2l
<
E <> < > |< >

%[ Type [Message
f A\ Warning: Waveform settings file D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXF9/db/wed.wsf at (1ine:252, col:31) has warning : no such channel in waveform file, ignore display line settings for this sig
Warning: Waveform settings file D:/OneDrive/Desktop/ENCS2110-EXPERIMENTS/EXPS/EXP8/db/wed.wsf at (line:260, col:28) has warning : no such channel in waveform file, ignore display line settings for this !lgv

~

I g8 >
&I\ system 1166) Processing 8] J Evaio ) Ino[8) ), Warring }_CilcalWaiing ] Evor J Suppiessed ) Flag 7

& [Message: 0ol 166 4| ®|[Tocstion

For Help, press F1 Gl & [ Idie

L Type here to search




image8.emf
A[3..0]

B[3..0]

Cin

S[3..0]

Cout

FA_4Bit

inst

A[3..0]

B[3..0]

out[2..0]

COMP_4Bit

inst1

I0

I1

S

Q

MUX2by1

inst2

VCC

Cin INPUT

VCC

A INPUT

VCC

B INPUT Output OUTPUT


image9.emf

image1.png
BIRZEIT UNIVERSITY




