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Meplexopeva Epyaotnplakol Madnpatocg

*  Ewoaywyn

* Lab 1: Multisim Circuit Simulation and Basic Gates
e Lab 2: Truth Tables and Basic Logic Gates

 Lab 3: Logic Gates Explored and Boolean Algebra
* Lab 4: Karnaugh Maps

* Lab 5: Binary Conversion and Adders

* Lab 6: Encoders and Decoders

* Lab 7: Multiplexers and Demultiplexers

* Lab 8: Latches and Sequential Logic Circuits
 Lab 9: Flip-Flops

* Lab 10: Sequential Circuits - FSM
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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 0 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.
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Learning Objectives

In this lab, students will:
» Construct half and full adders with logic gates and create truth tables from them

> Confirm the truth table for a full adder.
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Expected Deliverables

In this lab, you will collect the following deliverables:
> Long answer questions regarding adders

> 3 Truth Tables

» Conclusion questions
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Binary-Coded Decimals

> Avadika kwdikomotinpevol dekadikol - BCD
> H kadBe opada twv 4 bit avtiotoyel og eva dekadiko Pnaoio
> TuX. O dekabkog (396),, avanapiotatal og BCD pe 12 bit wg (0011 1001 0110),,

> OLdvadikoi cuvduaopol 1010 we 1111 dev xpnopomotovvtol oto cuotnuo BCD Kol EMOUEVWC,
dev €xouv vonuo oTov KwoLKA aUTO.

> (185),, = (0001 10000101),, = (10111001),
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Half-Adder
> A half-adder does binary addition on two inputs (A and B). Half Adder
» The two outputs are labeled sum (S) and carry (C). - 14 ¢ s
» Half adders can be built with: 8 [1] g ?
» an XOR gate and an AND gate (shown on the left). 1 0 0 |
1 1 1 0

» acomponent in Multisim (shown on the right).

A —— S SUN SO
Bo_®—os — ""‘:;:!s - —

C

HALF_ADDER
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Half-Adder

> To KUKAWpO Ttou Tpaypatomolel tnv mpocBeon Sdvo Yndilwv ywpic va AapBavel vmoyn tuyov
nponyouuevo KpatoUpevo ovopaletal Hutabpolotic.

»> O HpwbBpolotic €xet dvo eloodouc x kot y (ta bit mou mpootiBevtal) kot dvo e€&6douc
C (kpatoupevo-carry) kal S (dBpolopa-sum).

A —

Al B S C ‘SAB+AB B~ DD  —
S
0000‘—)5%3 —) >—»
ol 1110 =48 | . —
1 lol1]o A ) S i S
B v/
HEEEREE s
— C 7
J

ZUHPBOAKO KUKAW A

HUIaBpoIoTHS XPNOIHOTTOIWVTOG
XOR ka1 AND 1T10AeC
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Half-Adder - 2" YAomoinon

A B| s |c

0 0| 0 |oO o

0 1 1 @Byl 0 S=4B+A4B, C=A-B

1 0 1 B)| O

| 1 ° 1 45 HutaBpototric pe NOR mUAEC

XPNOIMOTTOIWVTAC VI TO S TN OeUTEPN HOPPN YIVOUEVOU TTPOKUTITEL

) >—

W >

S=(A4+B)(A+B)=A4A+B+ A+ B (De Morgan)

emiong: C=A-B= A+ B

By

2UVETTWC N S pTTopEi va dnuioupynBei xpnoipotroiwvtag povo TTuAec NOR, n de C
TTPOKUTITEI ATTO JIA €C AUTWYV TWYV TTUAWV:
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Full-Adder

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

> Full adders usually work in a cascade fashion where they are used to add binary numbers with

an increasing number of bits.

Full Adder
> The two outputs are sum (S) and carry (Cout). x y z | € S
: : : o 0 0 | 0 0
> You will notice that full adders can also use logic gates or a component. 0 0 | 0 |
0 1 0 | 0 1
0 1 1 1 0
A o= — A SUM  p— 1 0 0 0 1
B —D\ .S — B  CARRY |— T o0 111 o
Cn — 11 0 | 1 0
1 1 1 1 1

L}\_D_
Cour FULL_ADDER
[
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Full-Adder

> Otav npooBetouvpe Vo bits pe tov nuuaBpolotn, naipvoupe duo €€6douc: Eva aBpolopa Kot
£V KPOTOULEVO

> AUTO TO KPOATOULEVO TIPETEL Vo TIPOOTEDel otV €mMOpevVn OTAAN amo tTa aplotepd (otov
UAoTtoloUE TIPOoBeon aplBuwv pe moAAd dvadika Yndia)

> JUVETWC Xpelalopaote eva Pndlako KUKAwpa tou va tpooBetel tpla bits pall (bvo Pndia ko
TUXOV T{PONYOULEVO KPATOUEVO)

> Apa, o mARPeNG abpolotng £XEL TPELC EL0O0d0oUC Kol duo e€odouc.
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Full-Adder

> To KUKAWpO TtOU Tpaypatormolel thv mpoobeon duvo Yndiwv Aapfavovtac uvmoyn tuxov
nponyoupevo kpatoupevo, ovopaletol MAnpng ABpototnc. O MARPNC ABPOLOTNC EXEL TPELC
geloodouc A, B (ta bit mou mpootiBevtal) kot Ci (kpatovpevo ewoodou) kat duo e€ddouc C
(kpatoupevo €€66ou - carryout) kot S (aBpolopa-sum).

A B C| s| g apa

SRR B S = 4BC, + ABC, + ABC,+ ABC,

1. 0 0of 1 O S = C,(AB+ AB)+ C,(AB + AB)

g] g] ? ? g] = C.(A®B)+C,(ADB) = 4D B)DC,
o 1 1 d 1

] ? ] ? ] Co=AB+(A& B)Ci
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Full-Adder

S=(A®B)®Ci
C=AB+ (A® B) Ci

| HuiaBpoloTég
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Full-Adder

> XpNOLUOTIOLWVTAC TO CUMPBOALKO KUKAWMO TOU NULOBPOLOTA:

AD

B

AB

S=(4®B)&C,

(A®B)C,

KapaumnepomouAog AnUATENG

e

\

HuaBpoloTég

aut
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Full-Adder =7

> H abpowon aplOpwv pe meploootepa tou evog duadikd Pndla yivetal e tTo KUKAWUA TOU
napaAAnAov aBporotn we eENC:

B, A, B, A, B, A, B, A
| NS |
B A C C, B A C B A C
Co > Co S
I
S S Se
6émou A S | 710 aUpBoAo Tou TTAfiPOUS aBPOITTH. Carry Propagation
—B
—C, o
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Full-Adder, Napadewypa npocOeonc 4 bit

> O nopaAAnAoc dSvadlkoc aBpoloTAC TOPAYEL TO apLlOUNTIKO dBpolopa Suo dSuadikwv aplBuwv
nopAaAAnAa.

> Armnoteleital oo mMANPeLS aBpoLoTEC TTOU CUVOEOVTOL OE OELPA KOl OTIOU TO KPATOUMEVO €060V
ToU £vOc TpododoTel TO KPATOUUEVO EL0OSOU TOU ETIOUEVOU.

> Moapddetypa ntpooBeonc

> [pocBetoupe 6 + 3 o€ umoloyLoth pe URKoG Ag€nc 4 bit:
> inputx=6 = 0110
> inputy=3 = 0011

> (apxko) kpatoupevo cin =0
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Full-Adder, Napadewypa npoocOeonc 4 bit

x=0110 kat y=0011

X; Vs X, Vs X Vi Xo Yo

o Jo ] Jo ] [noo] B

C, | Full _C | Full _ G Full _C | Full c
adder adder adder adder "
S, S, S, S,
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Full-Adder, Napadewypa npoocOeonc 4 bit

Amo tov mtivaka aAnBetag BAemoupe 0t Sy=1 kat C,=0

Xs Vs Xz Vo X: Vi Xo .VQ
of 4t 9
Co " Ful LG Ful || G| Ful |G| Full 0c
adder adder adder o | adder ;
l l l |
S, S, S, S,
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Full-Adder, Napadewypa npoocOeonc 4 bit

Ao tov mivaka oAnBeiag BAenoupe ot S,=0 kat C,=1

X3 Vs X Y X Yy X, y.:}
of b {9
C. | Full G| Ful | C | Full _C, | Full 0n
adder adder 1 adder 0 | adder in
| | P
S; S, S, S,
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Full-Adder, Napadewypa npoocOeonc 4 bit

Amo tov mtivaka aAnBetag BAemoupe ot S,=0 kat C;=1 .

Xs Vs Xz Vo X: Vi Xo .VQ
of ool v 9
C, | Full G Full _C | Ful | G | Full 00
adder I | adder 1 | adder | O | adder "
! . l, |,
S, S, S, S,
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Full-Adder, Napadewypa npocOeonc 4 bit

Ao tov riivaka aAnBetag BAemoupe ot S;=1 kat C,=0

To amotéAeopa eival: ABpowoua =[1,0,0,1] =9
Kpatoupevo C,=0

Kapaumepomoulog AnuAteNng

Xs Vs Xz Vo X: Vi Xo Yo
of oo A v O]
Full | Full | Full |, Full 0 C
adder adder adder adder "
R P P
S, S, S, S,
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4-bit adder

Cg, Cz Cl
FA B — FA B — FA B — FA
Voo i i l
Cy S, S, S, S,
FIGURE 4.9

Four-bit adder

Kapapumnepodmouhog AnuAtpng
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4-bit adder-subtractor - Auadikoc a@poroTtiC Kot adalpPETNG

> H adaipeon Svadlkwv aplOuwv pmopel va yivel €UKoAa HE TN XPNON TWV CUUMANPWUATWY. 2€
avarnapaotoon aplOpuwyv cupmAnPpwWHATOC wWe tpog 2 n adaipeon A-B yivetal npooBetovtac oto A T0

CUMTANpWHO TOu B w¢ tpoc 1, ouv 1. By A B, A, B, A B, A,
M=0 mpdcBeon
> OL mpaelc t™ng mpocBsong KoL TNG M=1 agaipeon
M

adaipeonc pmopouv va cuvduaotouv o€

£VOL KOWVO KUKAWLOL

> Eav A, B pun mpoonpacpévol, Tote 1o bit c, c c, ¢, Gy
C SeilyvelL tnv UTtapén KPATOUEVOU. « kA= kA= kA= kA=

> Eav A, B nmpoonpacpévol, tote to bit V i i i i
Oeixvel v €xel yivel unepxeilon (V=1), S5 s, s, S,
A €avV OXL KOL TO QATOTEAECHA TNG TPAENC v ﬂ
elvat cwoto (V=0). FIGURE 4.13

Four-bit adder—subtractor (with overflow detection)
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Euxoplotw yia tTnv npocoxn oac!

10 Bz

> P
TO BE

> Epwtnoelg / Anopieg ;

Ertikowvwvia: ece119.uth@gmail.com
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