: TmHMA HAEKTPOAOrQN MHXANIKQN & MHXANIKQN YNOAOIIZTQN
ITANEINIZTHMIO

OEXXAAIAX

ECE119 Wnoplakn 2xediaon

EpyaoTtnpiakeég aoknoeig, Multisim - Verilog

Lab 5: Binary Conversion and Adders

Kapaptrepdmmoulog AnuAiteng 2eTTéEURpIog 2024




Required Tools and TeChNOIOQY ........uuuuiiiiieiieeee e 1

Lab 5: Binary Conversion and AAAErS.........ooooiiiiiiiiiiiiee e e e e e eeeeees 2
Learning ODJECHVES. ........ciiiiiiiiiiiiiiieeeee ettt 2
Expected DeliVerables............oooiiiiiiiiieeeeee e 2
5.1 Theory and BacKgrOUNG ..........ccooiiiiiiiiiiiiie e e e e e e e 3
5.2 Simulate: Building a Half-Adder CirCUIt............ooooiiiiieieee e 6
5.3 Simulate: Building a Full-Adder CirCUIt .........ooooeieeeeeeeee 8
S N o] o 113 o] o PSR 10
5.5 Exercise: HDL — Verilog, Haff adder.........ccoovveiiiiiiiiiecceen e 12
5.6 Exercise: HDL — Verilog, Full adder............ooovviiiiiiiii e 12
5.7 Exercise: HDL — Verilog, Ripple Carry 4-bit, Add-Sub...............ccooiriiiiiiiinnnnn. 13
5.8 Exercise: HDL - Verilog - TeSt CirCUIt .........covvviuiiiiiii e 14

Required Tools and Technology

Software: NI Multisim 14.0 or newer v Install Multisim:
http://www.ni.com/gate/gh/GB

ACADEMICEVALMULTISIM/
uUs
v View Help:
http://www.ni.com/multisim/tec
hnical-resources/

MultisimLive v https://www.multisim.com/
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http://www.ni.com/multisim/technical-resources/
https://www.multisim.com/

Lab 5: Binary Conversion and Adders

In the first lab, you explored truth tables with two inputs and learned how to design their
corresponding circuits. Two binary inputs, namely, 1 and O are the simplest of circuits.
More complex circuits have more combinations of binary numbers. This makes it
impractical to create truth tables for all of the possible combinations and permutations.
Instead of creating truth tables, you will look to a system that converts your binary
numbers to a binary-coded decimal (BCD). Depending on the sequence and each
number’s position in it, they are assigned a value. Adding up these values gives us the
BCD.

Learning Objectives
In this lab, students will:

1. Construct half and full adders with logic gates and create truth tables from them
2. Confirm the truth table for a full adder.

Expected Deliverables

In this lab, you will collect the following deliverables:

e Long answer questions regarding adders
e 3 Truth Tables
e Conclusion questions




5.1 Theory and Background

Binary-Coded Decimal

Each “bit” is assigned a
value

Multiply the value by
the bit

Add the results together

The sum is the binary-
coded decimal value

Figure 5-1 Video. View the video here: https://youtu.be/YYGAPRraclY

IE' Video Summary

e In larger circuits it is not practical to make truth tables so binary is converted into
a binary-coded decimal (BDC)

e Half adders can be represented in Multisim by a single component or by creating
them using an AND and an XOR gate

e Half adders have two inputs and two outputs

e Full adders can be represented in Multisim by a single component or two AND
gates, two XOR gates and one OR gate.

e Full adders have three inputs and two outputs

Binary-Coded Decimals

Let’s look at the following example of a 4-bit binary number (four binary numbers code
to one decimal number):

0101

The number furthest to the right is given the value of 1 (similar to the ones column in
regular addition). The position immediately to its left is given the value of 2 (similar to a



https://youtu.be/YYGAPRraclY

tens column). The value to the left of this is 4 (similar to the hundreds column). The
pattern you will notice is that the values assigned to the number on the left increase by
twice the value of the number before it.

In our example, from left to right, the BCD value for the four-bit binary code above,
adding up the values is:

0+4+0+1=5

Conversions that result in a single digit number (0-9) are already in BCD format. In
order to output the decimal value of a binary number greater than 9 in circuitry, a
Binary-to-BCD converter such as a Shift-Add-3 algorithm must be used.

Adders
Half-Adders:

e A half-adder does binary addition on two inputs (A and B).
e The two outputs are labeled sum (S) and carry (C).
« Half adders can be built with:
o an XOR gate and an AND gate (shown on the left).
o acomponent in Multisim (shown on the right).

— UM
A o — “EY  p—
S
Be
) o C HALF_ADDER
Figure 5-2 Half Adder from Gates Figure 5-3 Half Adder Multisim

Full-Adders:

e A full-adder does binary addition on three inputs: A, B, and Cin.

o Full adders usually work in a cascade fashion where they are used to add binary
numbers with an increasing number of bits.

o The two outputs are sum (S) and carry (Cout).

e You will notice that full adders can also use logic gates or a component.




A o=t — A suM }—
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Cout FULL_ADDER

Figure 5-4 Full Adder from Gates Figure 5-5 Full Adder Multisim

5-1 What are the similarities and differences between half adders and full adders?
Select the right answers (multiple choices)

a) Tooo o half adder 6co kai o full adder givar ouvduaoTIK& KUKAwpaTa. Kai ol
duo TTpocBETouV dUO YWneia evog bit.

b) Toéoo o half adder 6o kai o full adder gival cuvduacoTikd KuKAwpaTa. QoTé00,
0 TIPWTOG TTPOCOETEl dUO Wneia evog bit, evw o deUTEPOG TTPOCBETEl TPia
yneia.

c) O half adder éxel dUo TINEG €106Dd0U a Kal b TTou avTITTpocwTTEUOUV Ta bits
oedopévwy. O full adder éxer pia emTAéov €icodo, TO KpaTtoUuevo atrd TNV
katwtepn Babuida (Cin).

d) Toéoo o half adder 6co kai o full adder £xouv duo TINEG €106Dd0U a Kal b TToU
QVTITTIPOOWTTEUOUV Ta bits dedopévwv.

e) O half adder £xel duo €€6doug. H pia gival To dBpoioua TnG €106d0u (S) Kal n
GAAn €ivar To kpatoupevo Tou abpoiopartog (C). O full adder €xel eriong duo
€€odoug (S; Cout).

f) O half adder éxel dUo €¢6doug. H pia gival To dBpoioua TnG €106d0u (S) Kal n
GAAN gival To kpaTouuevo Tou aBpoioparog (C). O full adder éxel Tpeig £66d0UG
(S; C1, C2).

g) ZTnv TrepiTTwon Tou half adder, To KpaTOUPEVO ATTO TNV KATWTEPN Paduida
TTpooTiBeTal. ZTNV TTEPiTTTWon Tou full adder, To TTPONyoUUEVO KPATOUPEVO OEV
aBpoileTal.

h) Ztnv mepimrrwon Tou half adder, 10 kpatoUpevo atmod TNV KaTwTePn Babuida dev
TpooTifeTal. ZTnv TrepimTwon Tou full adder, To TTPONYOUNEVO KPATOUNEVO
METAQEPETAI KAl aBPOIleTAl.

i) O half adder amroteAeital amd pia TTUAN XOR kai pia T0An AND. O full adder
atroteAeital TTpakTikKG at1rd 2 half adders cuvduaouévoug. AtroteAeital atrd dUo
TTUAeG XOR, dUo 1TUAeg AND kai pia TuAn OR.




5.2 Simulate: Building a Half-Adder Circuit

Half-Adder Circuits
Half-adder circuits can be built using a combination of logic gates.

e Launch Multisim.
e Open a new circuit.
o Select File>>New.
o In the menu that appears, select Blank and click Create.
e Connect the following circuit:
o Place an XOR gate and an AND gate from the Misc Digital group.
o Place two INTERACTIVE_DIGITAL_CONSTANTs from the Sources
group.
o Place two PROBE_DIG_REDs from the Indicators group.
o Wire them as shown:

2.5V
[o] :
Key = A
XOR2
2.5V
0
Key =B
AND2
Figure 5-6 A Half Adder Circuit
- Multisim: Ovopa apxeiou “5_half _adder.ms14”.
f0s1d MpoaBrikn oTo zip file pe évoua "Lab05_ovouaremwvupo AM.zip”

ﬁ i
h, - MultisimLive: Ovoua apxeiou “5_half _adder.png”.
Schematic image  [NpooBrikn oTo zip file ye 6voua "Lab05_ovopartemwvupo AM.zip”




e Click the Run button to begin simulating the circuit.

Figure 5-7 Run Button

e Using the A and B keys, vary the inputs into the circuit.

5-2 Fill out the truth table below.

A B XOR (SUM) AND (CARRY)
0 0
0 1
1 0
1 1

« Stop the simulation by clicking the Stop button.

Figure 5-8 Stop Button

Can you see how the XOR and AND gates represent the sum and carry of the numbers

A and B added together?

e« 0+0=0

e 1+0o0r0+1=1, with no carry.

e 1+1=2, but2isnota binary number. In binary, 2 is represented as 10. The 1 is
the carry and the 0 is the sum.




Multisim
.ms14

-~

5.3 Simulate: Building a Full-Adder Circuit

Full-Adder Circuits

Connect the following circuit:
e Place two XOR gates, two AND gates and one OR gate from the Misc Digital

group.
¢ Wire them as shown:

[0 ] B
ey =4 XOR2 )

¥
B XOR2
0 |—|
H;E"hf =B - Cout
O

Y -
n AND2
[0] ] >————————J

-

AND2

Figure 5-9 A Full Adder Circuit

- Multisim: Ovopa apxeiou “5_full _adder.ms14”.
MpooBnkn oTo zip file pe évopa "Lab05_ovouaremwvupo_ AM.zip”
n

- MultisimLive:  Ovopa apxeiou “5_full_adder.png”.
Schematic image  lNpooBrikn oTo zip file ye 6voua "Lab05_ovoparemwvupo AM.zip”

e Click the Run button to begin simulating the circuit.
e Using the A, B and C keys, vary the inputs into the circuit.




5-3 Fill out the truth table below.

A B Cin SUM Cout
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

Again, can you see how the truth table represents the sum and carry of the numbers A,

B, and C\y added together?

e 0+0+0=0

e 0+0+1=1, with no carry.

e 0+1+1=2, but2isnota binary number. In binary, 2 is represented as 10. The
1 is the carry and the 0O is the sum.

e« 1+1+1=3.Inbinary, 3is represented as 11. The first 1 is the carry and the
second 1 is the sum.




5.4 Conclusion

5-4 Under what conditions would you use a half adder? A full adder?
Select the right answers (multiple choices)

a) Half adder: Mmopei va tpooBéoel duo apiBuoug Tou evog bit, Aappavovrag
uTTOWnN TNV UTTAPEN TTPONYOUUEVOU KPATOUUEVOU

b) Half adder: Mtropei va 1TpooBéoel duo apiBuoug Tou evédg bit, xwpic OuwWs va
AauBavel uttéwn TRV UTTAPEN TTPONYOUUEVOU KPATOUUEVOU.

c) Full adder: MrTropei va TTpocBéoel dUo aplBuoUg Tou €vog bit, Aappdvovrag
uTTOWn TNV UTTAPEN TTPONYOUUEVOU KPATOUHEVOU.

d) Full adder: Mrtopei va TTpooBéoel dUO apIBPoUC Tou evog bit, xwpic dpwg va
AauBaver uttown TRV UTTAPEN TTPONYOUUEVOU KPATOUUEVOU.

e) Half adder: NMpocBétel duo apiBuoug Tou evég bit

f) Half adder: NpooBétel TpeIg apiBuoug Tou evég bit

g) Full adder: lNpooBétel duo apiBuoug Tou evdg bit

h) Full adder: MpoacBétel TpeIg apiBuoUg Tou evog bit

5-5 When converting binary numbers to BCD:

A. Numbers are given specific values depending on their position in the sequence

B. The value of the number on the left increases by twice the value of the number
on the right

C. Single digit numbers are already in BCD format

D. All of the above

5-6 Half-adders do binary addition on two inputs using two logic gates. What is the
correct combination of these logic gates?

XOR and OR
XOR and AND
XNOR and AND
NOT and OR

o0 Wy

5-7 The outputs of a half adder are:
A. Carry and Cin

B. Sum and Carry
C. Sum and Cin




D. Carry and Cout
5-8 Which is a feature of full-adders?

A. They have two inputs

B. They have three outputs

C. They work in a cascading fashion
D. All of the above

5-9 When connecting full-adders together in Multisim, the Carry of one is connect to
input of the next.

A
B
C

in

. None of the above
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5.5 Exercise: HDL — Verilog, Haff adder

O HuiaBpoioTthg (Half Adder — H/A) eival éva Aoyikd KUKAwUaA TO OTToio oTnVv €icod0 Tou
0éxeTal 2 duadikad yneia A kal B kalr otnv £€£0d6 Tou divel TO ABpoicua Toug Z Kal To
Kpatoupevo K 1ng TpdoBeon g Toug.

pawTe TNV TTEPIYPa@r) HDL O€ €TTITTESO TTUAWYV TOU TTAPATTAVW KUKAWMATOG.

OvopdoTte To module: “half_adder”.

- Verilog: Ovopa apxeiou “half _adder.v ”.

MpoaBnkn oTo zip file pe dvopa "Lab05_ovopatemwvupo_AM.zip”

5.6 Exercise: HDL — Verilog, Full adder

Katdtmiv, oKe@TeEiTE TTWG PTTOPEITE VA UAoTTOINOETE €vav [ARpn ABpoioth (Full Adder —
MM/A) o otroio¢ oxnuariel To apiBunTIkG dBpoicua 3 bits €106dou. AnAadn, €xer 3
€10000uG Kal 2 e€6doug. Auo atrd Ta bits eiI06dou cival Ta 2 bits Ta oTToia TTPOCOETOUE.
H T1pitn €ic0do¢ avatrapioTd TO KPATOUUEVO TNG QPECWG TTPONYOUMEVNG AIYOTEPO
onPavTikng B€ong. ZupPBoAioTe pe S 10 dBpoioua kal C TOo KPATOUNEVO.

‘Exete NON ypdwel Tov Trivaka aAnBeciag kal oxedidoaTte TNV TEAIKA TOU HOPO®N

xpnoigotrolwvTtag 2 H/A kai pia TuAn OR oto Multisim.

MpawTe TWpa TNV TTEPIYypa® HDL o€ eTTiTTed0 TTUAWY TOU TTAPATTAVW KUKAWPATOG.

Oa TTPETTEI VO XPNOIUOTTOINCETE 2 OTIYMIOTUTTA aTTd TOV NUIABPOoIoTr TG doknong 5.5

Oa mrpétel va dwaoeTe TNV odnyia (directive): ~include "half_adder.v"

Oa TrpéTTel va TNV ypaweTe akpIBwg Tpiv atrd 1o module (6w atmd auTto).

Me auTlv ToVv TPOTTO CUMTTEPIAAUPBAVETE TO TTEPIEXOPEVO VOGS AANOU apxEiou, OTO onuEio
otTou Bpiokete n odnyia “include.

OvopdoTte To module: “full_adder”.

- Verilog: Ovopa apxeiou “full _adder.v”.
MpooBnkn oTo zip file pe dvopa "Lab05_ovouaremwvupo_ AM.zip”




5.7 Exercise: HDL — Verilog, Ripple Carry 4-bit, Add-Sub

MpawTte TNV Trepiypa®ry HDL oe emimedo TUAWV €vog 4-bit aBpoloTh-apaipéTn TTou
OEXETAl WG €10000UG PN TTPOCNPOCUEVOUG aplBuoug. To KUKAwMa TTPETTEN va €ival
TTAPOMOIO PE auTO Tou OXNpaTog 4.13 (BIBAio Morris Mano), aAAG Xwpig Tnv £€€0d0 V.

@ Oa TTPETTEI VA XPNOIUOTTOINCETE 4 OTIYMIOTUTTA TOU TTAPOUG aBpoloTA TNG doknong 5.6

Oa mpétrel va dwaoete TNV odnyia (directive): ~include "full_adder.v"

@ Oa TIPETTEN Va TNV YPAWETE akpIBWS TTPIV atrd To module (£€w atrd auTo).
Me auTdv Tov TPOTTO CUMTTEPIAAUPBAVETE TO TTEPIEXOPEVO £VOG AAAOU apXeiou, OTO anuEio
oTToU BpiokeTe N odnyia “include.

OvopdoTte To module: “add_sub_4 bit”.

- Verilog: Ovoua apxeiou “add_sub_4 bit.v”.
Verilo
v . MpooBnkn aTo zip file pe dvopa "Lab05_ovouartemwvupo_ AM.zip”
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FIGURE 4.13
Four-bit adder-subtractor (with overflow detection)
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5.8 Exercise: HDL - Verilog - Test Circuit

AnpioupynioTe pia uttopovada diEyepong (test bench) yia Tnv avaAuon Tou KUKAWUATOG
TTOU Kataokeudoate otnv Exercise 5.7 (Module: add_sub_4_bit).

MNa va doKIaooupe TO0 KUKAwUA, oTnv apxn 8a ¢nTAoouuE va PJag KAvel pia Tpoobeon
OUo 4-bit apiBuwyv 11.%. 8+4 Kai Ba eAEyEoupe OTI Pag divel £60do Tnv Tiun 12.

‘Emreira Ba {ntriooupe pia agaipeon 1.X. 12-8 kai 8a eAéyEoupe OTI pag divel £0d0 TNV

TIuA 4.

Mo ouykekpipéva:
» 210 10 nsec: A =1000, B=0100, M =0 (yia Tnv Tpd¢n 8+4)
» 2710 50 nsec: A =1100, B =1000, M =1 (yia Tnv Tpden 12-8)

EAEYETE TIC KUPATOPOPYEG VIO TRV CWOTA TIUA ££0d0U.

Na xpnoigoTroifjoeTe TNV evioAl $monitor yia va eAEyEETE TIG £10000UG - ££0DO0UG.

Na xpnoiyotroifoete TIG evioAég $dumpfile kan $dumpvars woTe va Tmapayei 1o
apxeio “vcd” pE TIC KUMATOUOP®YEG Twv onudtwy. ETeira va avoigete autd 1o
apxeio pe 1o VSCode yia va O€iTe TIG KUPMATOPOPQPEG KAl va EAEYEETE OTITIKA TOV
TPOTTO TToU  PETaBAAAeTal n  €€0060¢ OTOUG Ouvduaopoug TN €10000u.

Oa tmpétrel va dwoeTe TNV odnyia (directive): ~include "add_sub_4_bit.v"

Oa mpétrel va TNV ypdwete akpIiBwg TTpIv atrd To module (€€w atrd auTo).

Me auTlv Tov TPOTTO CUMTTEPIAAUPBAVETE TO TTEPIEXOUEVO VOGS AANOU apxEiou, OTO OnuEio
otTou Bpiokete n odnyia “include.

OvoudoTe To module: “t_add_sub_4 bit”.

- Verilog: Ovopa apxeiou “t_add_sub_4 bit.v .
MpooBrkn oTo zip file pe dvopa "Lab05_ovouaremwvupo_ AM.zip”




