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Introduction 
ye¢kaùu 

 

George Boole (1815-1864) 

 

 

 

 

 

 

 

 

 

 

 

 

 

George Boole, an English mathematician 

and logician, is known as the father of 

Boolean algebra, which is the mathematical 

framework used to describe the operation 

of logic gates. 
bx.%Sis .‚;{fhl= iy ;d¾lslfhl= jk 
fcda¾Ê nQ,a" ;d¾lsl oajdr l%shdldß;ajh 
úia;r lsÍug Ndú;d lrk .‚;uh rduqj 
jk nQ,Sh ùc .‚;fha mshd f,iska yeÈkafõ'  
 

 

Claude Shannon (1916-2001) 

 

Claude Shannon used Boolean algebra to 

design digital circuits, laying the 

foundation for modern computing. 

laf,daâ Iekka úiska ixLHdxl mßm: 
ks¾udKh lsÍu i|yd nQ,shka ùc .‚;h 
Ndú;d l< w;r" th kùk mß.KllrKh 
i|yd wä;d,u oeóh' 
 

What is a Boolean event? 
nQ,Sh isoaêhla hkq l=ulao@ 
 
An event that has only two possible 

outcomes, where one outcome is the 

opposite of the other is known as a Boolean 

event. 
tla m%;sM,hla wfkla m%;sM,hg m%;súreoaO 
jk m%;sM, folla muKla we;s isÿùula  nQ,Sh 
isoaêhla f,i yeÈkafõ' 
 

Only one of the following can result here. 
fuys m%ÓM, f,i meñ‚h yelafl my; 
tAjdhska tlla mu‚' 
 

• Positive / True / Yes – 1 
Ok$i;H$Tõ 
 

• Negative / False / No – 0 
iDK$wi;H$ke; 

 
 
What is a logic gate? 
;d¾lsl oajdrhla hkq l=ula o@ 
 
An electronic component which takes one 

or several inputs, processes them 

according to the relevant logic and gives a 

single output is known as a logic gate.  
wdodk tlla fyda lsysmhla ,nd.ksñka ;udg 
wdfõksl ;¾lh wkqj tAjd ilia lr tla 
m%;sodkhla ,nd fok bf,lafg%dksl 
ixrplhla ;d¾;sl oajdrhla f,i y÷kajhs' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INPUTS 
wdodk 

PROCESSING 
ieliSu 

OUTPUT 
m%;sodkh 
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NOTES 

 

• A logic gate can have any number of 

inputs. 
;d¾lsl oajdrhlg ´kE ;rï wdodk 
ixLHdjla ;sìh yelsh' 

 
• Every input depends on a Boolean 

event. 
iEu wdodkhlau nQ,Shdkq isoaêhla u; r|d 
mj;S' 

 

• A logic gate can have only one output. 

;d¾lsl oajdrhlg ;sìh yelafla tla 
m%;sodkhla mu‚' 

 

• There are several types of logic gates 

according to the performing logic.  

l%shdldÍ ;¾lkh wkqj ;d¾lsl oajdr j¾. 
lsysmhla ;sfí' 

 

• They also have different shapes 

according to the logic. 
tAjdg ;¾lkh wkqj úúO yev ;,o 
mj;S' 

 

Logic gates can be mainly divided into 

two types. 
;d¾lsl oajdr m%Odk jYfhka j¾. follg 
fnod oelaúh yel' 
 
1. Basic Logic Gates 
 uQ,sl ;d¾lsl oajdr 
 
2. Combinational Logic Gates 
 ixhqla; ;d¾lsl oajdr 
 
 

Input Combinations 
wdodk ixfhdack 
 

All possible combinations of unique binary 

values (0s and 1s) that can be applied to the 

inputs of a logic gate is known as input 

combinations. 
;d¾lsl oajdrhl wdodk j,g ,nd Èh yels 
oaúuh w.hka ^^0& iy ^1&& j, ish¨u 
tlsfklg fjkia ixfhdack wdodk ixfhdack 
f,i ye¢kafõ' 
 

The number of possible input combinations 

depends on the number of inputs, 

following the formula: 
mej;sh yels wdodk ixfhdack .Kk my; 
iQ;%h wkq.ukh lrk w;r th wdodk .Kk 
u; r|d mj;S( 
 
 
 
 
 
 
n is the number of input variables. 

n hkq wdodk úp,H ixLHdj fõ' 
 
 
For 1 input variable (A): 
tla wdodk úp,Hhla i|yd( 
 
Number of Input Combinations = 21 = 2 

wdodk ixfhdack .Kk  
 

 
 

 
 

For 2 input variables (AB): 
wdodk úp,Hh 2la i|yd( 
 

Number of Input Combinations = 22 = 4 

wdodk ixfhdack .Kk  
 

 

 

 

 
 

Number of Input Combinations = 2n 

wdodk ixfhdack .Kk 
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Basic Logic Gates 
uQ,sl ;d¾lsl oajdr 
 
Basic logic gates are the fundamental 

building blocks of digital circuits. They 

perform basic logical functions that are 

essential for digital computations. 
uQ,sl ;d¾lsl oajdr hkq wxls; mßm:j, 
uQ,sl ;ekqï tAll fõ' tAjd u.ska wxls; 
.Kkh lsÍï i|yd w;HjYH jk uQ,sl 
;d¾lsl ld¾hhka bgq lrhs' 
 
There are 3 basic logic gates. 
uQ,sl ;d¾lsl oajdr 3 la mj;S' 
 
 

 

 

NOT Gate 

 

 

 

 

AND Gate 

 

 

 

 

OR Gate 

 

 

NOTE: 

NOT gate is the only logic gate that has 

only one input.  

NOT oajdrh hkq tla wdodkhla muKla 
mj;sk tlu ;d¾lsl oajdrh fõ' 
 

All the other logic gates at least have two 

inputs. 
wfkl=;a ish¨u ;d¾lsl oajdrj, wju 
jYfhka wdodk follaj;a we;' 
 
 

Combinational logic gates 
ixhqla; ;d¾lsl oajdr 
 
Gates which are made up of two or more 

basic gates are known as Combinational 

logic gates. 
uQ,sl ;d¾lsl oajdr folla fyda lsysmhla 
ixfhdackh ùfuka iEoS we;s oajdr ixhqla; 
;d¾lsl oajdr f,i y÷kajhs' 
 

 

 

NOR Gate 

 

 
NAND Gate 

 

 

XOR Gate 

 

 

XNOR Gate 

 

 

What is a truth table? 
i;H;d j.=jla hkq l=ulao@ 
 

A truth table is a table that displays all 

possible input values and their 

corresponding output values for a logical 

expression or Boolean function. 
i;H;d j.=jla hkq ;d¾lsl m%ldYkhla fyda 
nQ,shka Y%s;hla i|yd mej;sh yels ish¨u 
wdodk w.hka iy tAjdfha wkqrEm m%;sodk 
w.hka fmkajk j.=jls' 
 

It helps visualize how a logic circuit or 

Boolean operation behaves under different 

conditions. 
th ;d¾lsl mßm:hla fyda nQ,shka fufyhqula 
úúO ;;ajhka hgf;a l%shd lrk wdldrh oel 
.ekSug WmldÍ fõ' 
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NOT Gate (Negation) 

NOT oajdrh ^kdia;H¾:h& 
 
 
 
 
Gives the output as the inverse of the input. 
wdodkfha m%;sf,dauh f,i m%;sodkh ,ndfoa' 
 

F is the inverse of A. 

F hkq A ys m%;sf,dauhhs' 
 

ICN Input (A) Output (F) 

1 False (0) True (1) 

2 True (1) False (0) 

 

 
 

AND Gate (Conjuction) 

AND oajdrh ^ixhq[ackh& 
 

Output becomes positive only if all the 

inputs are positive. 
wdodk ish,a, i;H jk úg muKla m%;sodkh 
i;H fõ' 
Output becomes negative when at least 

one input is negative. 
tla wdodkhla fyda wi;H jk úg m%;sodkh 
wi;H fõ' 
Should have two or more inputs. 
wdodk folla fyda lsysmhla mej;sh hq;=h' 
Output is always the product of the inputs. 
m%;sodkh hkq wdodkhkaf.a .=‚;hhs' 
 
2 input AND gate 

wdodk fofla AND oajdrh 
 

 

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 0 

3 1 0 0 

4 1 1 1 

 

Expression for F = A.B (A AND B) 
 

F becomes true when A and B is true. 

A iy B i;H jk úg F i;H fõ' 

3 input AND gate 

wdodk ;=fka AND oajdrh 
 
 

 

 

 

 

 

F becomes true when A AND B AND C is 

true. 

A iy B iy C i;H jk úg F i;H fõ' 
 

ICN A B C F 

1 0 0 0 0 

2 0 0 1 0 

3 0 1 0 0 

4 0 1 1 0 

5 1 0 0 0 

6 1 0 1 0 

7 1 1 0 0 

8 1 1 1 1 
 
F = A.B.C (A AND B AND C) 
 
 

 

 
OR Gate (Disjuction) 

OR oajdrh ^úhqxckh& 
 

Output becomes positive if at least one 

input is positive. 
tla wdodkhla fyda i;H jk úg m%;sodkh 
i;H fõ. 

 

Output becomes negative when all the 

inputs are negative. 
ish¨ wdodk wi;H jk úg m%;sodkh wi;H 
fõ' 
 
Should have two or more inputs. 
wdodk folla fyda lsysmhla mej;sh hq;=h' 
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2 input OR gate 

wdodk fofla OR oajdrh 
 

 

 

 

 
 

ICN A B F 

1 0 0 0 

2 0 1 1 

3 1 0 1 

4 1 1 1 

 

Expression for F = A + B (A OR B) 

 

F becomes true when A OR B is true. 

A  fyda B  i;H jk úg F i;H fõ' 
 
 
3 input OR gate 

wdodk ;=fka OR oajdrh 
 
 

 

 
 
  
 

F becomes true when A OR B OR C is true. 

A fyda B fyda C i;H jk úg F i;H fõ' 
 

Truth table 

 

ICN A B C F 

1 0 0 0 0 

2 0 0 1 1 

3 0 1 0 1 

4 0 1 1 1 

5 1 0 0 1 

6 1 0 1 1 

7 1 1 0 1 

8 1 1 1 1 
 
F = A + B + C (A OR B OR C) 
 
 

NAND gate 

NAND oajdrh 
 

This gate is made by providing the output 

of an AND gate as the input to a NOT gate. 

AND oajdrhl m%;sodkh NOT oajdrhlg 
iïnkaO lsÍu u.ska fuu oajdrh iEfoa' 
 

Output becomes the inverse of AND gate. 

m%;sodkh jkafka AND oajdrfhys m%;sodkfha 
m%;sf,dauhhs' 
 

Here, output becomes negative only when 

all the inputs are positive. Output becomes 

positive when at least one input is negative. 
fuys§ wdodk ish,a, i;H jk úg m%;sodkh 
wi;H jk w;r wdodk tlla fyda wi;H jk 
jsg m%;sodkh i;H fõ' 
 

 

2 input NAND gate 

wdodk fofla NAND oajdrh 
 

 

 

 

 

 

 

ICN A B K  K F 

1 0 0 0  0 1 

2 0 1 0  0 1 

3 1 0 0  0 1 

4 1 1 1  1 0 

 

 

 

 

 

 

 

ICN A B F 

1 0 0 1 

2 0 1 1 

3 1 0 1 

4 1 1 0 

 

F = A. B (A NAND B) 
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3 input NAND gate 

wdodk ;=fka NAND oajdrh 
 

 

 

 

 

 

 

ICN A B C F 

1 0 0 0 1 

2 0 0 1 1 

3 0 1 0 1 

4 0 1 1 1 

5 1 0 0 1 

6 1 0 1 1 

7 1 1 0 1 

8 1 1 1 0 

 

F = A. B. C  

 

 
 

NOR gate 

NOR oajdrh 
 

This gate is made by providing the output 

of an OR gate as the input to a NOT gate. 

OR  oajdrhl m%;sodkh NOT oajdrhlg 
iïnkaO lsÍu u.ska fuu oajdrh iEfoa' 
 

Output becomes the inverse of OR gate. 

m%;sodkh OR oajdrfhys m%;sodkfha 
m%;sf,dauhhs' 
 

Here, output becomes positive only when 

all the inputs are negative. Output becomes 

negative when at least one input becomes 

positive. 
fuys§ wdodk ish,a, wi;H jk úg m%;sodkh 
i;H jk w;r wdodk tlla fyda  i;H jk úg 
m%;sodkh wi;H fõ' 
 

 

2 input NOR gate  

wdodk fofla NOR oajdrh 
 

 

 

 

 
 

ICN A B K  K F 

1 0 0 0  0 1 

2 0 1 1  1 0 

3 1 0 1  1 0 

4 1 1 1  1 0 

 
 
 
 
 
 
 
 

ICN A B F 

1 0 0 1 

2 0 1 0 

3 1 0 0 

4 1 1 0 

 

F = A + B 

 

3 input NOR gate 

wdodk ;=fka NOR oajdrh 
 

 

 

 

 

 

ICN A B C F 

1 0 0 0 1 

2 0 0 1 0 

3 0 1 0 0 

4 0 1 1 0 

5 1 0 0 0 

6 1 0 1 0 

7 1 1 0 0 

8 1 1 1 0 

 

F = A + B + C  
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XOR Gate 

XOR oajdrh 
 

2 input XOR gate 

wdodk fofla XOR oajdrh 
 

 

 

 

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 1 

3 1 0 1 

4 1 1 0 

 

F = A ⊕  B 

 

Output becomes positive when and only 

when one input is positive. 
tla wdodkhla i;H kï yd tla wdodkhla 
muKlau i;H kï m%;sodkh i;H fõ' 
 

F becomes true when ONLY A OR ONLY B 

is true. 

F  i;H jkafka A  muKla fyda B  muKla i;H 
jk úg§h' 
 

 

 

 

 

 

3 input XOR gate 

wdodk ;=fka XOR oajdrh 
 

 

 

 

 

 

Output becomes positive when the positive 

number of inputs is an odd number. 
i;H wdodk .Kk T;af;a ixnHdjla jk úg 
m%;sodkh i;H fõ' 
 

ICN A B C F 

1 0 0 0 0 

2 0 0 1 1 

3 0 1 0 1 

4 0 1 1 0 

5 1 0 0 1 

6 1 0 1 0 

7 1 1 0 0 

8 1 1 1 1 

 

F = A ⊕  B ⊕ C 

 

NOTE: (Basic Knowledge) 

 

 

 
 

NOTE: 

The definition of a 3-input XOR gate is also 

valid for a 2-input XOR gate. But the 

definition of a 2-input XOR gate is not valid 

for a 3-input XOR gate. 

wdodk ;=fkys XOR oajdrhl w¾: oelaùu 
wdodk foflys XOR oajdrhla i|yd o j,x.= 
fõ' kuq;a wdodk foflys XOR oajdrhl w¾: 
oelaùu wdodk ;=fkys XOR oajdrhla i|yd 
j,x.= fkdfõ' 

 
 
 
 
 
  

Even numbers brÜfÜ ixLHd: 

Divisible by 2 (Ex. 0, 2, 4, 6). 

2ka b;sß ke;sj fnÈh yel' 
 

Odd numbers T;af;a ixLHd: 

Not divisible by 2 (Ex. 1, 3, 5, 7). 

2ka b;sß ke;sj fnÈh fkdyel' 
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XNOR gate 

XNOR oajdrh 
 

This gate is made by connecting the output 

of an XOR gate to the input of a NOT gate. 

XOR oajdrhl m%;sodkh  NOT oajdrhlg 
iusnkaO lsÍu u.ska fuu oajdrh iEfoa' 
 
Output becomes the inverse of XOR gate. 

m%;sodkh XOR oajdrhys m%;sodkhys 
m%;sf,dauhhs' 
 
 
2 input XNOR gate 

wdodk fofla XNOR oajdrh 
 
Output becomes negative when and only 

one input is positive. 
tla wdodkhla i;H kï yd tla wdodkhla 
muKla i;H kï m%;sodkh wi;H fõ' 
 

F becomes false when ONLY A OR ONLY B 

is true. 
wi;H jkafka muKla fyda muKla i;H jk 
úg§h' 
 
 
 

 
 
 

ICN A B K  K F 

1 0 0 0  0 1 

2 0 1 1  1 0 

3 1 0 1  1 0 

4 1 1 0  0 1 

 
 

 

 

 

 

ICN A B F 

1 0 0 1 

2 0 1 0 

3 1 0 0 

4 1 1 1 

 

F = A ⊕  B 

3 input XNOR gate 
wdodk ;=fka XNOR oajdrh 
 

 

 

 

 

 

Output becomes negative when the 

positive number of inputs of an input 

combination is an odd number. 
i;H wdodk .Kk T;af;a ixLHdj,a jk úg 
m%;sodkh wi;H fõ' 
 
 

ICN A B C F 

1 0 0 0 1 

2 0 0 1 0 

3 0 1 0 0 

4 0 1 1 1 

5 1 0 0 0 

6 1 0 1 1 

7 1 1 0 1 

8 1 1 1 0 

 

F = A ⊕  B ⊕ C 
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Implementing XOR gate from basic logic 

gate 

uq,sl ;d¾lsl oajdr Ndú;fhka XOR oajdrh 
ia:dmkh lsrsu 
 
• Two input XOR gate  

 

 

 

 

 

A B K 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

 

KSOP = A. B + A. B 

 

KPOS = (A + B). (A + B) 

 

By using basic logic gates  
uq,sl ;d¾lsl oajdr Ndú;fhka f.dvke.Su' 
 

1. SOP 

 

 

 

 

 

 

 

A B A B AB AB F 

0 0 1 1 0 0 0 

0 1 1 0 1 0 1 

1 0 0 1 0 1 1 

1 1 0 0 0 0 0 

 

As we can see K = F 

wmg fmfkk mßÈ K = F fõ' 
 

Note:  A⨁ B = AB̅ + A̅B 

 
 

2. POS 

 

 

 

 

 

 

 

 

 

A B A B (A + B) (A + B) F 

0 0 1 1 0 1 0 

0 1 1 0 1 1 1 

1 0 0 1 1 1 1 

1 1 0 0 1 0 0 

 

Note:  A ⊕ B = (A + B). (A + B) 

 

 

 

• Three input XOR gate 

 

 

 

 

 

 

A B C K 

0 0 0 0 

0 0 1 1 

0 1 0 1 

0 1 1 0 

1 0 0 1 

1 0 1 0 

1 1 0 0 

1 1 1 1 

 

KSOP = A. B. C + A. B. C + A. B. C + A. B. C 

 

KPOS = (A + B + C). (A + B + C). (A + B + C). 

            (A + B + C) 
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By using basic logic gates  
uq,sl ;d¾lsl oajdr Ndú;fhka f.dvke.Su' 
 
1. SOP 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B C A B C A. B. C A. B. C A. B. C A. B. C F 

0 0 0 1 1 1 0 0 0 0 0 

0 0 1 1 1 0 1 0 0 0 1 

0 1 0 1 0 1 0 1 0 0 1 

0 1 1 1 0 0 0 0 0 0 0 

1 0 0 0 1 1 0 0 1 0 1 

1 0 1 0 1 0 0 0 0 0 0 

1 1 0 0 0 1 0 0 0 0 0 

1 1 1 0 0 0 0 0 0 1 1 

 

 

Note:  A ⊕ B ⊕ C = A. B. C + A. B. C + A. B. C + A. B. C 
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2. POS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B C A B C A + B + C A + B + C A + B + C A + B + C F 

0 0 0 1 1 1 0 1 1 1 0 

0 0 1 1 1 0 1 1 1 1 1 

0 1 0 1 0 1 1 1 1 1 1 

0 1 1 1 0 0 1 0 1 1 0 

1 0 0 0 1 1 1 1 1 1 1 

1 0 1 0 1 0 1 1 0 1 0 

1 1 0 0 0 1 1 1 1 0 0 

1 1 1 0 0 0 1 1 1 1 1 

 

 

Note:  A ⊕ B ⊕ C = (A + B + C). (A + B + C). (A + B + C). (A + B + C) 
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Logic gates and their relevant Ven diagram. 

;d¾lsl oajdr iy tAjdg wod< fjka rEm igyk' 

 

 

INPUT 

 

 

 

 

 

 

 

 

OUTPUT 
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Universal Gates 
id¾j;% ;d¾lsl oajdr 
 

A universal gate is a logic gate that can be 

used to implement any Boolean function 

and construct all other basic logic gates 

(AND, OR, NOT) using only NAND gates or 

only NOR gates, without needing any other 

gate type. 
id¾j;% oajdrhla hkq ´kEu nQ,Shdkq Y%s;hla 
l%shd;aul lsÍug" fjk;a lsisÿ oajdr j¾.hl 
wjYH;djlska f;drj NAND oajdr fyda NOR 
oajdr muKla Ndú;d lrñka wfkl=;a ish¨u 
uQ,sl ;d¾lsl oajdr (AND, OR, NOT) 
f.dvke.Sug Ndú;d l< yels ;d¾lsl 
oajdrhls' 
 
Reasons for using Universal gates 
id¾j;% oajdr Ndú;d lsÍug fya;= 
 

1. Lower Cost & Simpler Manufacturing 
wvq msßjeh iy ir, ksIamdokh 
 

Using only one type of gate (NAND or 

NOR) reduces manufacturing complexity 

and lowers cost in digital circuit design. 

tla j¾.hl oajdrhla ^NAND fyda NOR& 
muKla Ndú;d lsÍu ksIamdok ixlS¾K;dj 
wvq lrk w;r wxls; mßm: ks¾udKfha 
msßjeh wvq lrhs' 
 

2. Easier Standardization & Optimization 
myiq m%ñ;slrKh iy m%Yia;slrKh 
 

Standardizing circuits with only NAND or 

NOR gates simplifies design and 

troubleshooting. 

NAND fyda NOR oajdr muKla iys; mßm: 
u.ska m%ñ;slrKh lsÍu" ie,iqï lsÍu iy 
fodaY ksrdlrKh ir, lrhs' 
 

3. Flexibility in Logic Design 
;d¾lsl ks¾udKfha kuHYS,SNdjh 
 
Any Boolean function can be implemented 

using just NAND or NOR gates, making 

them highly versatile in circuit design. 

´kEu nQ,shdkq Y%s;hla NAND fyda NOR oajdr 
muKla Ndú;fhka l%shd;aul l< yels w;r" 
tAjd mßm: ks¾udKfha§ b;d nyqld¾h fõ' 
 

4. Reliability & Fault Tolerance 
úYajikSh;ajh iy fodaI wvq ùu 
 

NAND and NOR gates are less prone to 

electrical noise and delays, improving 

reliability in circuits. 

NAND iy NOR oajdr úÿ,s f>daIdj iy 
m%udohkag wvq m%jK;djla we;s w;r" tu.ska 
mßm:j, úYajikSh;ajh jeä ÈhqKq lrhs' 
 

Efficiency Concern 
ld¾hlaIu;dj ms<sno wjOdkh 
 

Implementing a circuit with only 

NAND/NOR might require more logic 

levels, increasing propagation delay 

compared to using dedicated AND, OR, 

and NOT gates. 

NAND/NOR muKla iys; mßm:hla 
l%shd;aul lsÍu i|yd ;d¾lsl uÜgï jeä 
.Kkla wjYH úh yels w;r" thgu fjkajQ 
AND" OR" iy NOT oajdr Ndú;d lsÍug 
idfmalaIj fuys m%pdrK m%udoh jeä fõ' 
 

More gates mean more power usage, 

which may not be ideal for low-power 

applications. 
jeä oajdr ixLHdjla hkq jeä n, 
mßfNdackhla jk w;r" wvq n,Yla;s fhÿï 
i|yd iqÿiq fkdúh yelsh' 
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1. NOR GATE   

 

 

 

 

 

 

 

Implementing NOT gate from NOR gate 

(Inverter) 

NOR oajdrhlska  NOT oajdrhla ia:dmkh 
lsßu 
 

 

 

 

 

 

Proof: 

 

= A + A̅̅ ̅̅ ̅̅ ̅̅   

= A̅. A̅  De Morgan’s Law 

= A̅ Idempotent Law 

 

 

Implementing AND gate from NOR gate  

NOR oajdrhlska  AND  oajdrhla ia:dmkh 
lsßu 
 
 

 

 

 

 

 

 

 

 

Proof: 

 

= A̅ + B̅̅̅ ̅̅ ̅̅ ̅  

= A̿. B̿ De morgan’s Law 

= A. B Double inverse Law 

 

 

Implementing OR gate from NOR gate 

NOR oajdrhlska  OR  oajdrhla ia:dmkh 
lsßu 
 
 

 

 

  

 

Proof: 

 

= (A + B̅̅ ̅̅ ̅̅ ̅) + (A + B̅̅ ̅̅ ̅̅ ̅)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  

= (A + B)̿̿ ̿̿ ̿̿ ̿̿ ̿̿ . (A + B)̿̿ ̿̿ ̿̿ ̿̿ ̿̿  De Morgan’s Law 

= (A + B). (A + B) Double inverse Law 

= (A + B) Idempotent Law 

= (A + B)    

 

 

Implementing Buffer from NOR gate 

NOR oajdrhlska Buffer tlla ks¾udKh lsÍu 
 

 

 

 

 

 

Implementing NAND gate from NOR 

gate 

NOR oajdrhlska NAND oajdrhla ia:dmkh 
lsßu 
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Implementing Exclusive-OR (XOR) gate 

from NOR gate 

NOR oajdrhlska XOR oajdrhla ia:dmkh 
lsßu 
 

 

 

 

 
 

 

 

 

Proof: 

 

= (A + B)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ + (AB)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅   

= (A + B)̿̿ ̿̿ ̿̿ ̿̿ ̿̿  . (AB)̅̅ ̅̅ ̅̅  De Morgan’s Law 

= (A + B). (AB)̅̅ ̅̅ ̅̅  Double inverse Law 

= (A + B) . (A̅ + B̅) De Morgan’s Law 

= AA̅ + AB̅ + A̅B + BB̅ Distributive Law 

= 0 + AB̅ + A̅B + 0 Inverse Law 

= AB̅ + A̅B Identity Law 

 

Note 
 

AB̅ + A̅B = A ⊕ B 

Implementing Exclusive-NOR gate 

(XNOR) from NOR gate 

NOR oajdrhlska XNOR oajdrhla ia:dmkh 
lsßu 

 

 

 

 

 

 

 

 

 

Proof: 

 

 (AB̅) + (A̅B)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅   

 (AB̅̅̅ ̅̅ ). (A̅B̅̅ ̅̅ ) De Morgan’s Law 

 (A̅ + B̿). (A̿ + B̅) Double inverse Law 

 (A̅ + B). (A + B̅) Double inverse Law 

 AA̅ + A̅B̅ + AB + BB̅ Distributive Law 

 0 + A̅B̅ + AB + 0 Inverse Law 

 A̅B̅ + AB Identity Law 

 

Note 
 

AB + AB = A ⊕ B 
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2. NAND GATE  

 

 

 

 
 

Implementing NOT gate from NAND 

gate (Inverter) 

NAND oajdrhlska  NOT oajdrhla ia:dmkh 
lsßu 

 

 

 

 

Proof: 
 

=  A. A̅̅ ̅̅ ̅  

= A̅ + A̅ De Morgan’s Law 

= A̅ Idempotent Law 

 

Implementing AND gate from NAND 

gate 

NAND oajdrhlska  AND oajdrhla ia:dmkh 
lsßu 

 

 

 

 

Proof: 
 

= (A. B)̅̅ ̅̅ ̅̅ ̅̅ . (A. B)̅̅ ̅̅ ̅̅ ̅̅̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅   

= (A. B)̿̿ ̿̿ ̿̿ ̿̿ + (A. B)̿̿ ̿̿ ̿̿ ̿̿  De Morgan’s Law 

= (A. B) + (A. B) Double inverse Law 

= (A. B) Idempotent Law 

 

Implementing OR gate from NAND gate 

NAND oajdrhlska OR oajdrhla ia:dmkh 
lsßu 

 

 

 

 

 

 

Proof: 
 

= A̅. B̅̅̅ ̅̅ ̅  

= A̿ + B̿ De Morgan’s Law 

= A + B Double inverse Law 

 

Implementing buffer from NAND gate 

NAND oajdrhlska Buffer tlla ks¾udKh 
lsÍu 
 

 

 

 
 

Implementing Exclusive-OR gate (XOR) 

from NAND gate 

NAND oajdrhlska XOR oajdrhla ia:dmkh 
lsßu 

 

 

 

 

 

 
 

Implementing Exclusive - NOR gate 

(XNOR) from NAND gate 

NAND oajdrhlska XNOR oajdrhla ia:dmkh 
lsßu 

 

 

 

 

 

 

 

 

Proof: 

 

= (A. B)̅̅ ̅̅ ̅̅ ̅̅ . (A̅. B̅̅̅ ̅̅ ̅)
̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅

  

= (A. B) + (A. B) 
De Morgan’s Law 

= (A. B) + (A. B) Double inverse Law 

= (A. B) + (A. B) Associate law 
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Summary 

 

 NOR NAND 

NOT 

  

AND 

 

 
 

 

OR 
 

 

 

 

 

NAND 

 

NOR 

 

 

Buffer 
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Electric circuits to model the 

functionality of logic gates 
úoHq;a mßm: Ndú;fhka ;d¾lsl oajdrj, 
l%shdldÍ;ajh wdo¾Ykh lsÍu 
 

Circuits built using electronic components 

such as transistors, diodes, and resistors to 

replicate the behavior of basic logic gates 

(AND, OR, NOT, etc.) in digital systems. 
äðg,a moaO;s ;=< uQ,sl ;d¾lsl oajdrj, 
^AND, OR, NOT wdÈh& yeisÍu wkqlrKh 
lsÍu i|yd g%dkaisiagr" vfhdav iy m%;sfrdaOl 
jeks bf,lafg%dksl ixrpl Ndú;fhka 
f.dvk.d we;s mßm: fõ' 
 
 
Components Used 
Ndú;d jk ixrpl 
 

• Inputs → Switch 
wdodk → iaúph 

 

 

 

 

 

• Outputs → Bulbs 
m%;sodk → n,an 

 

 

 

 
 

• Connections → Wires 
iïnkaOl → jh¾ 

 
 

• Power Supply → Batteries 
n, iemhqu  → negß 

  
 
 

 

 
 
 

The convention used when drawing 

circuits. 
mßm: we£fï§ Ndú;d lrk iïuq;sh' 
 

 

• INPUT & OUTPUT 
wdodk iy m%;sodk 

 
 
 
 
 
 
 
 
 
 
 
 
• SWITCH 

iaúph 
 

 

 

 

 

 

 

 

 

• BULBS 
n,an 

  

i;H  

wi;H 
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Gate Implementations 
oajdr l%shd;aul lsÍu 
 

 

1. AND Gate 

AND oajdrh 
 
 

 
 
 
 
 
 
 

 

S1 S2 B 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

 

2. OR Gate 

OR oajdrh 

 

 

 

 

 

 

 

 

 

 

S1 S2 B 

0 0 0 

0 1 1 

1 0 1 

1 1 1 

3. NOT Gate (Inverter) 

NOT oajdrh 
 

 

 

 

 

 

 

 

 

S B 

0 1 

1 0 

 

4. NAND Gate 

NAND oajdrh 
 

 

 

 

 

 

 

 

S1 S2 B 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

 

5. NOR Gate 

NOR oajdrh 

 

 

 

 

 

 

S1 S2 B 

0 0 1 

0 1 0 

1 0 0 

1 1 0 

6. XOR Gate 

XOR oajdrh 

 

 

 

 

 

 

 
 

S1 S2 B 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

 

7. XNOR Gate 

XNOR oajdrh 

 

 

 

 

 

 

 

 

 

S1 S2 B 

0 0 1 

0 1 0 

1 0 0 

1 1 1 
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Boolean algebra 
nQ,shdkq ùc .‚;h 
 

Boolean algebra is a mathematical 

framework used to manipulate and simplify 

logical expressions, especially in the design 

of digital circuits and computer systems. 
nQ,shdkq ùc .‚;h hkq ;d¾lsl m%ldYk 
yeisrùug iy ir, lsÍug" úfYaIfhka 
äðg,a mßm: iy mß.Kl moaO;s ie,iqï 
lsÍfï§ Ndú;d lrk .‚;uh rduqjls' 
 

It operates with binary variables (0s and 1s) 

and is governed by a set of basic principles 

known as postulates or axioms. 
th oaúuh úp,Hhka ̂ 0 iy 1& iuÕ l%shd lrk 
w;r th md,kh jkafka postulates fyda 
axioms f,i y÷kajk uQ,sl uQ,O¾u 
iuQyhlsks' 
 

Postulates (Axioms) in Boolean Algebra 

nQ,shka ùc .‚;fha Postulates (Axioms) 
 

Postulates are the fundamental 

assumptions in Boolean algebra that are 

accepted as true without proof. 

Postulates hkq nQ,shka ùc .‚;fha we;s 
uQ,sl Wml,amk jk w;r tAjd idlaIs 
fkdue;sj i;H f,i ms<s.kq ,efí' 
 

These postulates define the basic behavior 

of Boolean operations and form the 

starting point for all further reasoning 

within the algebraic system. 

fuu postulates nQ,shka fufyhqïj, uQ,sl 
yeisÍï ks¾jpkh lrk w;r ùÔh moaO;sh 
;=< jeäÿr ;¾l i|yd wdrïNl ,laIHh 
idohs' 
 

Importance of simplifying logic circuits 

using Boolean Laws 
nQ,shdkQ kS;s Ndú;fhka ;d¾lsl mßm: ir, 
lsÍfï jeo.;alu 
 
• Reduces Complexity – Fewer 

components make circuits easier to 

design and understand. 

ixlS¾K;dj wvq lrhs – wvq ixrpl 
ixLHdjla u.ska mßm: ie,iqï lsÍu iy 
f;areï .ekSu myiq lrhs' 
 

• Lowers Cost – Simplified circuits use 

fewer gates, reducing material and 

manufacturing costs. 
msßjeh wvq lrhs - ir, l< mßm: wvq 
oajdr .Kkla Ndú;d lrhs" uQ,øjH yd 
ksIamdok msßjeh wvq lrhs' 
 

• Improves Speed – Less processing 

delay leads to faster operations. 
fõ.h jeä ÈhqKq lrhs - wvq ieliqï 
m%udoh fõ.j;a fufyhqï j,g u. mdohs' 
 

• Saves Power – Fewer components 

consume less energy. 
n, Yla;sh b;sß lrhs - wvq ixrpl 
ixLHdjla ksid wvq Yla;shla jeh fõ' 

 

• Enhances Reliability – Simple circuits 

have fewer failure points, increasing 

durability. 
úYajikSh;ajh jeä lrhs - ir, 
mßm:j, we;s ìojegqï ,laIH wvq jk 
w;r tu.ska l,ameje;au jeä lrhs' 
 

• Optimizes Space – Requires less 

physical space on circuit boards. 
wjldYh m%Yia; lrhs - mßm: mqjre u; 
wvq fN!;sl bvla wjYH fõ' 
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Boolean Algebraic Laws  

  

1. Double complement law 
oaú;aj m%;sf,dau kHdh 
 

A = A  
  

2. Idempotent law  
;foajNdù kHdh  
 

A + A = A 

A . A = A 

  

3. Identity law  
i¾jiduH kHdh 
 

A . 0 = 0 
A . 1 = A 

A + 0 = A 
A + 1 = 1 

 

4. Inverse law / complement law 
m%;sf,dau kHdh 
 

A . A = 0 

A + A = 1 
 

5. Commutative law 
kHdfoaY kHdh 
 

A . B = B . A 
A + B = B + A 

 

6. Associative law 
ix>gk kHdh 

 

A . (B. C) = (A. B). C 

A + (B + C) = (A + B) + C 

 

7. Distributive law 
ú>gk kHdh 
 

A . (B + C) = A. B + A. C 
A + (B. C) = (A + B). (A + C) 

 

8. De Morgan’s Law 
o uqjd¾ m%fïh 
 

A. B = A + B 

A + B = A. B 

 

9. Redundancy law 
iu;sßla; kHdh 
 

A + A. B = A 

A + A. B = A + B 

Double inverse law/Double 

complement law 
oaú;aj m%;sf,dau kHdh 
  

Double inverse law states that inverting a 

variable twice will produce the same 

original variable again.   
oaú;aj m%;sf,dau kHdh mjikafka úp,Hhla 
fojrla m%;sf,dau lsÍfuka uq,a úp,Hh kej; 
,efnk njhs'  
  

Let’s take two NOT gates connected in 

series. 
tllg miq tlla iïnkO l, NOT oajdr 
folla i,luq  
  

  

 

 

 

 

A K  K F 

0 1  1 0 

1 0  0 1 

 

From the above Boolean expressions 
by; nQ,shka m%ldYk j,ska  
 

K = A (K is the inverse of A) 

F = K (F is the inverse of K) 

F = A (F is the double inverse of A) 

 

Looking at the truth tables for all 

instances,  
i;H;d j.= foi n,k úg iEu 
wjia:djl§u"  
  

F = A (F looks the same as A) 

 

Because L.H.S of both above equations are  

the same it proves the double inverse law 

by; iólrK foflau L.H.S iudk jk neúka 
th oaú;aj m%;sf,dau kHdh ;yjqre lrhs'  
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Idempotent law (type 1)  
;foajNdù kHdh ^m<uq wdldrh&  
  

Adding the same value again by it does not 

make any difference in Boolean algebra.  
nQ,Sh ùc .‚;fha§ hï w.hlg tu w.hu 
kej; tl;= lsÍu u.skaa fjkila isÿ fkdfõ  
  

Boolean addition (OR operation) is 

represented by the OR gate. 

nQ,shka tl;= lsÍu (OR fufyhqu) OR oajdrh 
u.ka ksrEmKh lrhs  
  
  

  

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 1 

3 1 0 1 

4 1 1 1 

 

Input combination 1 and 4 represent the 

addition of the same value.  
1 iy 4 wdodk ixfhdack u.ska tlu w.h  
tl;= lsÍu ksrEmKh lrhs'  
 

F = A + B  

F = A + A (When B = A at ICN 1 and 4) 

 

 

 

 

 
ICN A = B F 

1 0 0 

4 1 1 

 

But F = A from the truth table 

 

From the above simplified truth table, we 

can clearly see the output value is the same 

as the input. It proves the Idempotent law. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu wdodkhg iudk nj 
wmg meyeÈ,sj oel.; yelsh' tu.ska 
;foajNdù kHdh ;yjqre fõ'  

Idempotent law (type 2)  
;foajNdù kHdh ^ fojk wdldrh&  
  

Multiplying the same value again by it 

does not make any difference in Boolean 

algebra.  
nQ,Sh ùc .‚;fha§ hï w.hlska tu w.hu  
.=K lsÍu lsÍu u.ska fjkila isÿ fkdfõ   
  

Boolean multiplication (AND operation) is 

represented by the AND gate. 

nQ,shka .=K lsÍu (AND fufyhqu) AND  
oajdrh u.ska ksrEmKh lrhs  
  

  

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 0 

3 1 0 0 

4 1 1 1 

  

Input combination 1 and 4 represent the 

multiplication of the same value.  
1 iy 4 wdodk ixfhdack u.ska tlu w.h 
.=K lsÍu ksrEmKh lrhs'  
  

F = A. B  

F = A. A (When B = A at ICN 1 and 4) 

 

 

 

 

 

ICN A = B F 

1 0 0 

4 1 1 

 

But F = A from the truth table 

 

From the above simplified truth table, we 

can clearly see the output value is the same 

as the input. It proves the Idempotent law. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu wdodkhg iudk nj 
wmg meyeÈ,sj oel.; yelsh' tu.ska 
;foajNdù kHdh ;yjqre fõ' 
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Identity law (type 1) 
i¾jiduH kHdh ^m<uq wdldrh&  
  

Multiplying something by 0 in Boolean 

algebra always produces 0. 
nQ,shka ùc .‚;fha hula 0 ka .=K lsÍfuka 
iEu úgu 0 ,efí  
  

Boolean multiplication (AND operation) is 

represented by the AND gate. 

nQ,shka .=K lsÍu (AND fufyhqu) AND  
oajdrh u.ka ksrEmKh lrhs  
  

  

 

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 0 

3 1 0 0 

4 1 1 1 

  

Input combination 1 and 3 represent 

multiplication by zero. 
1 iy 3 wdodk ixfhdack u.ska 0 ka .=K 
lsÍu ksrEmKh lrhs'  
  

F = A. B  

F = A. 0 (When B = 0 at ICN 1 and 3) 

 

 

 

 

 

 

ICN A B = 0 F 

1 0 0 0 

3 1 0 0 

 

But F = 0 from the truth table 

 

From the above simplified truth table, we  

can clearly see the output is 0. It proves the 

Identity law. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu 0 nj fmfka  tu.ska 
i¾jiduH kHdh ;yjqre fõ' 

Identity law (type 2) 
i¾jiduH kHdh ^fojk wdldrh&  
  

Multiplying a value by 1 in Boolean algebra 

always produces the same value again  
nQ,shka ùc .‚;fha hula 1 ka .=K lsÍfuka 
iEu úgu kej; tu w.hu ,efí  

  
ICN A B F 

1 0 0 0 

2 0 1 0 

3 1 0 0 

4 1 1 1 

 

Input combination 2 and 4 represent 

multiplication by 1. 
2 iy 4 wdodk ixfhdack u.ka 1 ka .=K  
lsÍu ksrEmKh lrhs'  
  

F = A. B  

F = A. 1 (When B = 1 at ICN 2 and 4) 

 

 

 

 

 
 

ICN A B = 1 F 

2 0 1 0 

4 1 1 1 

 

But F = A from the truth table 

 

From the above simplified truth table, we  

can clearly see the output is A. It proves the 

Identity law. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu A nj fmfka 
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Identity law (type 3) 
i¾jiduH kHdh ^;=kajk wdldrh&  
  

Adding 0 to something in Boolean algebra 

doesn’t change it 
nQ,shka ùc .‚;fha § hulg 0 tl;= l, úg 
th fjkia fkdfõ   
  

Boolean addition (OR operation) is 

represented by the OR gate. 

nQ,shka tl;= lsÍu (OR fufyhqu) OR oajdrh 
u.ka ksrEmKh lrhs  
  

  

  

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 1 

3 1 0 1 

4 1 1 1 

 

Input combination 1 and 3 represent 

adding zero.  
1 iy 3 wdodk ixfhdack u.ska 0 la tl;= lsÍu 
ksrEmKh lrhs  
 

F = A + B  

F = A + 0 (When B = 0 at ICN 1 and 3) 

 

 

 

 

 

ICN A B = 0 F 

1 0 0 0 

3 1 0 1 

 

But F = A from the truth table 

 

From the above simplified truth table, we  

can clearly see the output is A. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu A nj fmfka 
 
It proves the Identity law. 
tu.ka i¾jiduH kHdh ;yjqre fõ' 

Identity law (type 4) 
i¾jiduH kHdh ^y;rjk wdldrh&  
  

This law states that adding 1 to something 

in Boolean algebra always gives 1 
nQ,shka ùc .‚;fha hulg 1 tl;= l, úg 
iEuúgu 1 ,efí  
  

  

  

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 1 

3 1 0 1 

4 1 1 1 

 

Input combination 2 and 4 represent 

addition of 1.  
2 iy 4 wdodk ixfhdack u.ka 1 la tl;=  
lsÍu ksrEmKh lrhs'  
 

F = A + B  

F = A + 1 (When B = 1 at ICN 2 and 4) 

 

 

 

 

 

ICN A B = 0 F 

1 0 1 1 

3 1 1 1 

 

But F = A from the truth table 

 

From the above simplified truth table, we  

can clearly see the output is 1. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu 1 nj fmfka  
 

It proves the Identity law. 
tu.ka i¾jiduH kHdh ;yjqre fõ' 
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Inverse law (type 1) 
m%;sf,dau kHdh ^m<uq wdldrh&  
  

Adding its own complement to a variable 

always sums to 1 in Boolean algebra. 
nQ,shdkq ùc .‚;fhaÈ úp,Hhlg ;ukf.au 
wkqmQrlh tl;= lsÍu u.ska ieuúgu 1 ,ndfoa  
  
  

  

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 1 

3 1 0 1 

4 1 1 1 

   

Input combination 2 and 3 represent 

adding its complement. 
2 iy 3 wdodk ixfhdack u.ska wkqmQrlh 
tl;= lsÍu ksrEmKh lrhs  
  

F = A + B  

F = A + A (When B = A at ICN 2 and 3) 

 

 

 

 

 

ICN A B = A F 

2 0 1 1 

3 1 0 1 

 

But F = 1 from the truth table 

 

From the above simplified truth table, we  

can clearly see the output is 1 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu 1 nj fmfka  
 
It proves the Inverse law. 
tu.ka m%;sf,dau kHdh ;yjqre fõ' 

Inverse law (type 2) 
m%;sf,dau kHdh ^fojk wdldrh&  
  

Multiplying its own complement from a 

variable always produces 0 in Boolean 

algebra. 
nQ,shdkq ùc .‚;fhaÈ úp,Hla ;ukf.au 
wkqmQrlh u.ka .=K lsÍfï§ ieuúgu 0 
,ndfoa  
 

  

 

 

 

ICN A B F 

1 0 0 0 

2 0 1 0 

3 1 0 0 

4 1 1 1 

 

Input combination 2 and 3 represent 

multiplication from its complement.  
2 iy 3 wdodk ixfhdack u.ska wkqmQrlfhka 
.=K lsÍu ksrEmKh lrhs  
  

F = A. B  

F = A. A (When B = A at ICN 2 and 3) 

 

 

 

 

 

ICN A B = A F 

2 0 1 0 

3 1 0 0 

 

But F = 0 from the truth table 

 

From the above simplified truth table, we  

can clearly see the output is always 0. It 

proves the Inverse law. 
by; iq¿ lrk ,o i;H;d j.=fjka 
m%;sodkfha w.h iEuúgu 0 nj fmfka tu.ska 
m%;sf,dau kHdh ;yjqre fõ'  
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Associative law (type 1) 
ix>gk kHdh ^m<uq wdldrh&  
  

This law states that the order of multiplying 

Boolean variables does not affect the 

outcome. 
nQ,Sh úp,H .=K lrk wkqms<sfj< wjidk 
m%;sodkhg n,mdkafka ke;s nj fuu kS;sfhka 
lshefõ  
 

Left Hand Side Expression  

 

 

 

 

 

 

 

ICN A B C B.C P=A.(B.C) 

1 0 0 0 0 0 

2 0 0 1 0 0 

3 0 1 0 0 0 

4 0 1 1 1 0 

5 1 0 0 0 0 

6 1 0 1 0 0 

7 1 1 0 0 0 

8 1 1 1 1 1 

 

Right Hand Side Expression  

  

 

 

 

 

 

 

ICN A B C A.B Q=(A.B).C 

1 0 0 0 0 0 

2 0 0 1 0 0 

3 0 1 0 0 0 

4 0 1 1 0 0 

5 1 0 0 0 0 

6 1 0 1 0 0 

7 1 1 0 1 0 

8 1 1 1 1 1 
 

P=Q, so A.(B.C)=(A.B).C 

Associative law (type 2) 
ix>gk kHdh ^fojk wdldrh&  
  

This law states that the order of adding 

Boolean variables does not affect the 

outcome 
nQ,Sh úp,H tl;= lrk wkqms<sfj< wjidk 
m%;sodkhg n,mdkafka ke;s nj fuu kS;sfhka 
lshefõ  
 

Left Hand Side Expression  

  

  

 

 

 

 

 
ICN A B C B+C P=A+(B+C) 

1 0 0 0 0 0 

2 0 0 1 1 1 

3 0 1 0 1 1 

4 0 1 1 1 1 

5 1 0 0 0 1 

6 1 0 1 1 1 

7 1 1 0 1 1 

8 1 1 1 1 1 

 
Right Hand Side Expression  

  

 

 

 

 

 

 

ICN A B C A+B Q=(A+B)+C 

1 0 0 0 0 0 

2 0 0 1 0 1 

3 0 1 0 1 1 

4 0 1 1 1 1 

5 1 0 0 1 1 

6 1 0 1 1 1 

7 1 1 0 1 1 

8 1 1 1 1 1 
 

P=Q, so A+(B+C)=(A+B)+C   
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Distributive law 
ú>gk kHdh 
A.(B+C) = A.B + A.C 

 

 

Left Hand Side Expression  

 

 

 

 

 

 

 

 

ICN A B C (B+C) P=A.(B+C) 

1 0 0 0 0 0 

2 0 0 1 1 0 

3 0 1 0 1 0 

4 0 1 1 1 0 

5 1 0 0 0 0 

6 1 0 1 1 1 

7 1 1 0 1 1 

8 1 1 1 1 1 

 

 

Right Hand Side Expression 

 

 

 

 

 

 

 

 

 
 

 

ICN A B C (B+C) Q=(A+B)+C 

1 0 0 0 0 0 

2 0 0 1 1 0 

3 0 1 0 1 0 

4 0 1 1 1 0 

5 1 0 0 0 0 

6 1 0 1 1 1 

7 1 1 0 1 1 

8 1 1 1 1 1 

Distributive law 
ú>gk kHdh 
A+(B.C) = (A+B).(A+C)  

  

  

Left Hand Side Expression  

 

 

 

 

 

 

 

  

ICN A B C B.C P=A+B.C 

1 0 0 0 0 0 

2 0 0 1 0 0 

3 0 1 0 0 0 

4 0 1 1 1 1 

5 1 0 0 0 1 

6 1 0 1 0 1 

7 1 1 0 0 1 

8 1 1 1 1 1 

  

 

Right Hand Side Expression  

  
  

 

 

 

 

 

 

 

 
 

ICN A B C A+B A+C Q=(A+B).(A+C) 

1 0 0 0 0 0 0 

2 0 0 1 0 1 0 

3 0 1 0 1 0 0 

4 0 1 1 1 1 1 

5 1 0 0 1 1 1 

6 1 0 1 1 1 1 

7 1 1 0 1 1 1 

8 1 1 1 1 1 1 
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De Morgan’s Law 
o uqjd¾ m%fïh  

𝐀. 𝐁 = 𝐀 + 𝐁 

 

Left Hand Side Expression  

  

 

 

 

 

 

ICN A B A.B A. B 

1 0 0 0 1 

2 0 1 0 1 

3 1 0 0 1 

4 1 1 1 0 

 
 

Right Hand Side Expression 

 

 

 

 

 

 

 

 

ICN A B A B A + B 

1 0 0 1 1 1 

2 0 1 1 0 1 

3 1 0 0 1 1 

4 1 1 0 0 0 

 

De Morgan’s Law 
o uqjd¾ m%fïh 

𝐀 + 𝐁 = 𝐀. 𝐁 
 

Left Hand Side Expression  
 
 
 
 
 
 
 

ICN A B A+B A + B 

1 0 0 0 1 

2 0 1 1 0 

3 1 0 1 0 

4 1 1 1 0 

 
 
Right Hand Side Expression 
 
 
 
 
 
 
 
 
 

 
ICN A B A B A. B 

1 0 0 1 1 1 

2 0 1 1 0 0 

3 1 0 0 1 0 

4 1 1 0 0 0 

 

 

  

 
 

A 

B 

A + B 

A 

B 

A. B 

SUMMARY 

Postulates Wml,amk 
Fundamental assumptions defining Boolean algebra operations. 
nQ,shka ùc .‚; fufyhqï ks¾jpkh lrk uQ,sl Wml,amkhs' 
 
Axioms m%;HlaI$iajhx isoaê 
Self-evident truths forming the basis of Boolean algebra. 
nQ,shka ùc .‚;fha moku idok iajhx-meyeÈ,s i;Hhkah' 
 

Laws/Theorems kS;s$m%fïh 
Derived rules used to simplify and manipulate Boolean expressions. 
nQ,shka m%ldYk ir, lsÍug iy yeisrùug Ndú;d lrk jHq;amkak kS;s fõ' 
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Karnaugh Maps 
ldfkda is;shï 
 

Maurice Karnaugh developed Karnaugh 

Maps (K-maps) in 1953. 
fudßia ldfkda úiska 1953 § ldfkda is;shï 
^K-is;shï& ks¾udKh lf<ah' 
 

 

 

 

 

 

 

 

 

 

 

 

 

He worked at Bell Labs, a leading research 

center in telecommunications and digital 

systems. 
Tyq úÿ,s ixfoaY iy äðg,a moaO;s ms<sn| 
m%uqL m¾fhaIK uOHia:dkhla jk fn,a 
,eíia ys fiajh lf<ah' 
 

K-maps were primarily designed to 

simplify the logic behind digital circuits 

used in circuit switching. 

Circuit switching j,§ Ndú;d lrk wxls; 
mßm: msgqmi we;s ;¾lkh ir, lsÍu i|yd 
ldfkda is;shï uQ,sl jYfhka ks¾udKh lr 
we;' 
 

Circuit switching is a communication 

method where a dedicated path is 

established between two endpoints 

before data transmission and remains 

reserved for the entire session. 

Circuit switching hkq o;a; iïfm%aIKhg 
fmr wka; ,laIH folla w;r lemjQ 
ud¾.hla ia:dms; lr uq¿ ieish mqrdu th 
fjka lr mj;sk ikaksfõok l%uhls' 
 
K-maps simplified complex expressions by 

grouping terms efficiently, reducing the 

number of required logic gates. 
ldfkd is;shï uÕska m%ldYk ld¾hlaIuj 
ldKav.; lsÍfuka ixlS¾K m%ldYk ir, 
lrñka mßm: iE§ug wjYH ;d¾lsl oajdr 
.Kk wvq lf<ah' 
 

Over time, K-maps became the standard 

for simplifying Boolean expressions in  

digital electronics. 
ld,h;a iuÕ" wxls; bf,lafg%dksl 
;dlaIKfha§ nQ,shka m%ldYk ir, lsÍu 
i|yd ldfkda is;shï m%ñ;sh njg m;aúh' 

 

K-Maps vs. Boolean Laws 

 

Aspect Karnaugh Map (K-Map) Boolean Algebra Laws 

Complexity 
ixlS¾K;ajh 

Simple for up to 5 variables; harder 

beyond that 
úp,H 5la olajd ir, fõ¦ bka miq 
wmyiqh  

Can be complex but scales better for 

large expressions 
ixlS¾K úh yels kuq;a úYd, m%ldYk 
i|yd jvd fyd| mßudKhls 

Speed 
fõ.h 

Faster for small expressions (2-5 

variables) 
l=vd m%ldYk i|yd fõ.j;ah  

Can be time-consuming without 

practice 
mqyqKq ùulska f;drj ld,h .; úh yelsh 

Ease of Use 
Ndú; lsÍfï 
myiqj 

Intuitive and visual 
nqoaêuh iy oDYH fõ  

Requires understanding of Boolean 

theorems 
nQ,Shdkq ks;S ms<sn| wjfndaOhla wjYH fõ 

Best For 
jvd;au 
.e,fmkafka 

Circuit optimization and logic design 
mßm: m%Yia;slrKh iy ;d¾lsl 
ks¾udKh 

Theoretical proofs and mathematical 

simplifications 
kHdhd;aul idOkhka iy .‚;uh ir, 
lsÍï 
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2 input variable k maps 
wdodk fofla ldfkda is;shï 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GREY CODE 

(REFLECTED BINARY CODE) 

 

Frank Gray, a researcher at Bell Labs, 

patented the concept of Grey code in 1953. 
1953 § fn,a úoHd.dr ;=, m¾fhaIlfhl= jQ 
*%Ekala f.%a úiska Grey fla; ixl,amhg 
fmagkaÜ n,m;%h ,nd .;af;ah' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This is a way of ordering binary numbers 

where only one-bit changes between any 

two  consecutive values. 
fuh ´kEu wLKav w.hka folla w;r tla-
ìÜ tlla muKla fjkia jk mßÈ oaúuh 
ixLHd fm,.eiaùfï l%uhls' 
 

According to Grey code, only one 

variable is allowed to change when 

shifting between two nearby cells 

horizontally or vertically in  a K-map. 
ldfkda is;shul wkqhd; fldaY folla w;r 
;sriaj fyda isriaj .uka lsÍfï§ fjkia ùug 
wjldYh we;af;a tla úp,Hhlg muKla hehs 
f.%a fla;fhka lshefõ' 
 

 

 

 

 

 

 

 

 

 

 

 

  

Frank Gray  
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3 input variable k maps 
wdodk ;=fka ldfkda is;shï 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 input variable k maps 
wdodk y;fra ldfkda is;shï 
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K-map grouping rules. 
ldfkda is;shï j, ldkav iE§u iïnkao kS;s 
 
 
1. All outputs of a truth table, 1s and 0s, 

should be represented in the k map. 
i;H;d j.=fõ mj;sk 1 iy 0 ish¨u    i;H;d 
j.=fõ mj;sk 1 iy 0 ish¨u m%;sodkldfkda 
is;shula ;=, ,l=Kq  lr.; hq;=h' 
 
 
2. Only one type of element can be 

used to make groups. 1s or 0s. groups 

cannot be made using different types of 

elements. 
ldKav iE§u i|yd Ndú;d l, yelafla tla 
j¾.hl wjhj mu‚' fjkia j¾. j, 
wjhj ldKav l, fkdyel' 1s or 0s 

 

 

 

 

 

 

 

 

 

 

 

 

3. The number of elements in a group 

should always be a power of 2. 
ldKavhl mj;sk wjhj .Kk iEuúgu 2 ys 
n,hlg iudk úh hq;=h' 
 

 

 

 

 

  
 

 

 

 

 

4. All elements of the selected type 

should be contained in a group. 
ldKav iE§u i|yd f;dard.kakd j¾.fha 
wjhj ish,a, ldKav iE§u wjidkfha hï 
ldKavhlg whs;s úh hq;=h' 
 
 
 
 
 
 
 
 
 
 
 
 

5. A group should be as large as possible, 

and the number of groups should be 

minimum. 
ldKavhla yels;dla úYd, úh hq;= w;r 
ldKav .Kk yels;dla wju úh hq;=h' 
 

 

 
 

 

 

 
 

6. Elements which are already in one 

group can be shared with another group 

if needed. 
ldKavhla ;=, oekgu;a mj;sk wjhj 
fjk;a ldKavhla iu. fnodyod.ekSu isÿ 
l, yelsh. 

 

  

 

 

ictfromabc.com



33 

7. Groups cannot be diagonal. 
úl¾K Èf.a ldKav mej;sh fkdyel' 
 

 

 

  
 

 

NOTE 

A K-map is a torus 
ldfkda is;shula hkq fgdaria tlls 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Groups can be wrapped around.  
ldKavhla ldfkda is;shula jgd t;S 
mej;sh yel 
 

 

 
 

 

 

9. A group should always be horizontal or 

vertical. Its shape should be square or 

rectangular. 
ldKavhla iEuúgu ;sriaj fyda isriaj 
mej;sh hq;= w;r tys yevh iup;=ri%dldr 
fyda iDcqfldaKdi%dldr úh hq;=h' 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

NOTE: Subgroups (groups where all their 

elements belong to one other group) may 

be created during grouping. They should 

be removed as it increases the number of 

groups and makes the simplified Boolean 

expression bigger. 
ldKav iE§fï§ ;udf.a wjhj ish,a, fjk;a 
ldKav tllg fyda whs;s jk wkq ldKav 
ks¾udKh úh yelsh' fuu.ska ldKav .Kk 
jeäù iq̈  lrk ,o nQ,Sh m%ldYh ixlS¾K jk 
neúka tAjd fidhd uld oeñh hq;=h' 

 

 

 

 

 

 

NOT IN SYLLABUS 

Don’t care conditions (where we don’t care 

whether the output of that input 

combination is 1 or 0) can be grouped or 

neglected considering either 1s or 0s as 

necessary for the instance. 
hï wdodk ixfhdackhlg wod, m%;sodkh 
i;Ho wi;Ho fkdi,lk wjia;d fyj;a 
Don’t care wjia:d mj;sk úg ldKav iE§fï§ 
tAjd wjYH mßÈ ldKav i|yd 1 fyda 0 f,i 
ie,lsh yelsh' 
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Designs simple digital circuits using 

logic gates 
;d¾lsl oajdr Ndú;fhka ir, wxls; mßm: 
ks¾udKh lrhs' 
 

According to the syllabus, the steps 

involved in designing a logic circuit for a 

given scenario is usually as follows. 
úIh ks¾foaYhg wkqj" § we;s wjia:djla 
i|yd ;d¾lsl mßm:hla ks¾udKh lsÍfï§ 
wkq.ukh l< hq;= mshjr idudkHfhka my; 
mßÈ fõ' 
 
 
 

  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
However, you should be able to, 
flfia fj;;a Tng" 
 
1. Obtain the truth table for a given logic 

circuit and a Boolean expression. 
§ we;s ;d¾lsl mßm:hla iy nQ,Shdkq 
m%ldYkhla i|yd i;H;d j.=j ,nd .ekSug 
yels úh hq;=h' 
 
2. Draw the logic circuit for a given Boolean 

expression. 
§ we;s nQ,shdkq m%ldYkhla i|yd ;d¾lsl 
mßm:h we§ug yels úh hq;=h' 
 
3. Derive the Boolean expression from a 

given Logic circuit. 
§ we;s ;d¾lsl mßm:hla Ndú;fhka nQ,Shdkq 
m%ldYkh jHq;amkak l< yels úh hq;=h' 
 
 

Designing a Boolean expression for a 

given logic circuit. 
§ we;s ;d¾lsl mßm:hla i|yd nQ,shdkq 
m%ldYkhla ks¾udKh lsÍu' 
 
 
 
 
 
 
 
 
 
 
 
Let’s derive a Boolean expression for the 

output F. 

F m%;sodkh i|yd nQ,shdkq m%ldYkhla jHq;amkak 
lruq' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

isoaêh 

i;H;d j.=j 

nQ,Shdkq m%ldYkh 

iq¿ lsÍu 

;d¾lsl mßm:h 

ictfromabc.com



35 

Designing a logic circuit for a given 

Boolean expression. 
§ we;s nQ,Shdkq m%ldYkhla i|yd ;d¾lsl 
mßm:hla ks¾udKh lsÍu' 
 
A logic circuit is derived from a Boolean 

expression by methodically “peeling away” its 

operators according to a fixed hierarchy. 
nQ,Shdkq m%ldYkhlska ;d¾lsl mßm:hla 
jHq;amkak lr .kq ,nkafk ksh; OQrdj,shlg 
wkqj tys we;s fufyhjk l%udkql+,j —bj;a 
lsÍu˜ u.sks' 
 

In this approach, the operators are handled 

one level at a time, always treating the 

remaining expression as a fresh entity once 

an operator is removed. 
fuu m%fõYfha§" fufyhjk tla uÜgulska 
yiqrejkq ,nk w;r" hï fufyhjkhla bj;a 
l< miq b;sß jk m%ldYkh iEuúgu kj 
m%ldYhla f,i i,lkq ,nhs' 
 

The operator precedence is defined as 

follows: 
fufyhjk m%uqL;djh my; mßÈ w¾: oelafõ( 
 

Bar (NOT): 

When a bar is seen over an entire expression 

or subexpression, a NOT gate is drawn to 

represent the inversion. 
iïmQ¾K m%ldYkhla fyda Wm m%ldYkhla u; 
bar tlla fmfkk úg" m%;sf,dauh ksrEmKh 
lsÍu i|yd NOT oajdrhla w¢kq ,efí' 
 

It is important that any variables or 

subexpressions under a bar are not modified 

until that bar is removed. 

Bar tlla hgf;a we;s ´kEu úp,Hhla fyda Wm 
m%ldYkhla tu bar tl bj;a lrk f;la fjkia 
fkdlsÍu b;d jeo.;a fõ' 
 

Plus (OR): 

After all full bars have been processed, the 

expression is scanned for plus signs. 

ish¨u full bars ieliSug ,la l< miq" 
m%ldYkfha we;s Ok ,l=Kq fidhd .kq ,efí' 
 

An OR gate is used for any plus operation 

that is not hidden inside brackets or under 

another bar. 

jryka ;=< fyda fjk;a bar tlla hgf;a ieÕù 
fkdue;s ´kEu Ok fufyhqula i|yd OR 
oajdrhla Ndú;d flfra' 

Expressions within brackets are treated as 

atomic until they are isolated; nothing inside 

the bracket is “touched” until the rest of the 

expression has been derived. 
jryka ;=< we;s m%ldYk yqol,d jk f;la tAjd 
;ks m%ldYhla f,i i,lkq ,efí¦ m%ldYkfha 
b;sß fldgi jHq;amkak jk f;la jryk ;=< 
we;s lsisjla —iam¾Y˜ fkdfõ' 
 

Dot (AND): 

Finally, the dot (AND) operations are handled. 

wjidk jYfhka" ;s;a  (AND) fufyhqï 
yiqrejkq ,efí' 
 

Again, only operators that are at the outer 

level (i.e., not nested inside brackets or under 

a bar) are processed. 
kej; j;djla" ndysr uÜgfï ̂ tkï" jryka ;=< 
fyda bar tlla hgf;a ;nd fkdue;s& fufyhjk 
muKla ilikq ,efí' 
 

 

The process is iterative: 
fuu l%shdj,sh mqkrdj¾;kh fõ( 
 

The entire expression is examined for the 

highest-priority operator (NOT). 

by<u m%uqL;d fufyhjkh (NOT) i|yd 
iïmQ¾K m%ldYkhu mÍlaId lrkq ,efí' 
 

Once a NOT operation is extracted (by 

drawing a NOT gate), the modified 

expression is re-evaluated as a new 

expression. 

NOT fufyhqula Wmqgd .;a miq ^NOT oajdrhla 
we£fuka&" fjkia l< m%ldYkh kj m%ldYkhla 
f,i kej; we.hSug ,la flfra' 
 

This same procedure is applied next to OR 

operators, and then to AND operators, until 

the full expression is converted into a 

network of logic gates. 
iïmQ¾K m%ldYkh ;d¾lsl oajdr cd,hla njg 
mßj¾;kh jk f;la ó,.g OR fufyhjk 
fj;g;a bka miqj AND fufyhjkh fj;g;a 
fuu l%shd ms<sfj,u isÿ lrkq ,efí' 
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((A + B) . C) 

((A + B) . C) 

For instance, consider the expression: 
WodyrKhla f,i" my; m%ldYkh i,ld 
n,kak( 
 

((A + B) . C) 

 

The derivation proceeds as follows: 
jHq;amkak l%shdj,sh my; mßÈ fõ( 
 

The outermost operator is a bar over the 

entire expression 
msg;u fufyhjkh hkq iïmQ¾K m%ldYkh 
u; we;s bar tlhs' 
 

 A NOT gate is drawn for the whole 

expression. 

tneúka iïmQ¾K m%ldYkh i|ydu NOT 
oajdrhla wÈkq ,efí' 
 
 

 

 

 

 

The expression                          is now treated 

as a new expression. 
 
\ 
                 hk m%ldYkh oeka kj 
m%ldYkhla f,i i,lkq ,efí' 
 

The expression (A+B).C shows an AND (dot) 

operation connecting the entire bracketed 

(A+B) and C. 

(A+B).C m%ldYkh uÕska iïmQ¾K jryka ;=< 
we;s (A+B) iy C iïnkaO lrk AND (dot) 
fufyhqula fmkajkq ,nhs' 
 

An AND gate is drawn that takes the 

isolated expression (A+B) and C as its 

inputs. 

yqol,d m%ldYkh jk  (A+B) iy C wdodk 
f,i .kq ,nk AND oajdrhla w¢kq ,efí' 
 

 

 

 

 

Notice that the bracketed (A+B) is treated 

as a single entity until it is isolated by the 

AND operation. 

jryka ;=< w;s (A+B) m%ldYh AND fufyhqu 
u.ska yqol,d jk f;la ;ks jia;=jla f,i 
i,ld we;s nj fydÈka ksÍlaIKh lrkak' 
 

Now that (A+B) has been isolated as one of 

the inputs for the AND gate, it is processed 

internally. 

oeka (A+B) hk m%ldYh AND oajdrh i|yd 
jk wdodk j,ska tlla f,i yqol,d lr we;s 
neúka" th wNHka;rj ilikq ,efí' 
 

The plus sign inside (A+B) is then 

recognized as an OR operation, and an OR 

gate is drawn to complete the internal logic 

of that expression. 

(A+B) we;=<; we;s Ok ,l=K ó,.g OR 
fufyhqula f,i y÷kd .kakd w;r" tu 
m%ldYkfha wNHka;r ;¾lkh iïmQ¾K lsÍu 
i|yd OR oajdrhla w¢kq ,efí' 
 
 
 
 
 
 
 
 
 
 
 
 

  

((A + B) . C) ((A + B) . C) 

((A + B) . C) ((A + B) . C) (A + B)  

C  

((A + B) . C) 

((A + B) . C) (A + B)  

C  

B  

A  
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Creating a truth table for a given logic circuit 
§ we;s ;d¾lsl mßm:hla i|yd i;H;d j.=jla ks¾udKh lsÍu 
 

 
 
 
 
 
 
 
 
 
 
 
 

ICN – Input Combination Number 

 

ICN A B C (A + B) (A + B) F = C . (A + B) 

1 0 0 0 0 1 0 

2 0 0 1 0 1 1 

3 0 1 0 1 0 0 

4 0 1 1 1 0 0 

5 1 0 0 1 0 0 

6 1 0 1 1 0 0 

7 1 1 0 1 0 0 

8 1 1 1 1 0 0 

 

 

EX. 
 
 

 

 

 

 

 
 

ICN X Y Z Z (X + Y) F = (X + Y). Z 

1 0 0 0 1 0 0 

2 0 0 1 0 0 0 

3 0 1 0 1 1 1 

4 0 1 1 0 1 0 

5 1 0 0 1 1 1 

6 1 0 1 0 1 0 

7 1 1 0 1 1 1 

8 1 1 1 0 1 0 

wdodk 

w;rueÈ m%;sodk 

wjidk m%;sodkh 
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Minterms and Maxterms 
.=‚; mo iy tl;= mo 
 

Why do we need Minterms and 

Maxterms? 
wmg .=‚; mo iy tl;= mo wjYH jkafka 
wehs@ 
 

Minterms and maxterms ensure that any 

Boolean function can be expressed in a 

systematic and unambiguous way. 
.=‚; mo iy tl;= mo uÕska ´kEu nQ,shka 
Y%s;hla l%udkql+,j iy meyeÈ,s wdldrhlska 
m%ldY l< yels nj iy;sl lrhs' 

 

Helps in Simplification and Optimization 

ir, lsÍu iy m%Yia;slrKh i|yd WmldÍ 
fõ 

 

Boolean expressions often need 

simplification to reduce the number of 

logic gates in a circuit. 

mßm:hl ;d¾lsl oajdr .Kk wvq lsÍu 
i|yd nQ,shka m%ldYk j,g fndfyda úg ir, 
lsÍu wjYH fõ' 

 

Using minterms and maxterms, techniques 

like Karnaugh Maps (K-maps) can be 

applied for efficient simplification. 

.=‚; mo iy tl;= mo Ndú;d lrñka" 
ld¾hlaIuj ir, lsÍï isÿ lsÍu i|yd ldfkda 

is;shï ^K-is;shï& jeks Ys,amSh l%u fhdod .; 
yelsh' 

 

This results in faster, cheaper, and less 

power-consuming digital circuits. 

fuh fõ.j;a" ,dNodhS iy wvq n,hla 
mßfNdackh lrk wxls; mßm:j, ksmoùug 
fya;= fõ' 

 

Design of Combinational Circuits 

ixhqla; mßm: ks¾udKh 

 

They help in designing combinational logic 

circuits (e.g., adders, multiplexers, 

decoders) by providing a clear relationship 

between input combinations and output 

states. 

fïjd u.ska wdodk ixfhdack iy m%;sodk 
;;ajhka w;r meyeÈ,s iïnkaO;djhla ,nd 
§fuka ixhqla; ;d¾lsl mßm: ^Wod( wdl,l" 

multiplexers" úfla;l& ks¾udKh lsÍug 
WmldÍ fõ' 

 

Analysis and Verification 

úYaf,aIKh iy i;Hdmkh 

 

They make it easier to analyze and verify 

the correctness of a Boolean function. 

fïjd nQ,shdkq Y%s;hl ksrjoH nj úYaf,aIKh 
lr i;Hdmkh lsÍu myiq lrhs' 

 

By examining the minterms or maxterms, 

you can determine whether the function 

covers all possible input combinations and 

whether it meets the design requirements. 

.=‚; mo fyda tl;= mo mÍlaId lsÍfuka" 
Y%s;h u.ska mej;sh yels ish¨u wdodk 
ixfhdack wdjrKh lrkafkao iy th ie,iqï 
wjYH;d imqrd,kafkao hkak ;SrKh lsÍug 
Tng yelsh' 

 

Conversion Between SOP and POS 

SOP iy POS w;r mßj¾;kh 

 

Allow easy conversion between SOP and 

POS forms, which is useful depending on 

the type of logic gates available or the 

design constraints. 

SOP iy POS wdlD;s w;r myiq 
mßj¾;khlg bv ,nd fok w;r th Ndú;d 
lsÍug we;s ;d¾lsl oajdr j¾.h fyda ie,iqï 
iSudjka u; mokïj m%fhdackj;a fõ' 
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Minterms 
.=‚; mo 
 

In a truth table, minterms represent how 

inputs must be multiplied to obtain the 

output 1 corresponding to a given input. 
i;H;d j.=jl hï wdodkhlg wod, m%;sodkh 
1 ,eîu ioyd wdodk .=K l, hq;= wdldrh 
.=‚;mo u.ska ksrEmkh lrhs' 
 
Minterms are used to represent a Boolean 

function in its Sum of Products (SOP) form.  
nQ,shdkq Y%s;hla tys .=‚;hkaf.a tl;=j 
(SOP) wdldrfhka ksrEmKh lsÍug Minterms 
Ndú;d fõ' 
 

Each minterm corresponds to a single row 

in the truth table where the function is true 

(1). 

iEu minterm tllau i;H;d j.=fõ Y%s;h 
true (1) jk ;ks fma<shlg wkqrEm fõ' 
 
 
Minterms of 2 inputs 
wdodk 2 .=‚;mo 

 

ICN A B F 

1 0 0 m0 = A̅. B̅ 

2 0 1 m1 = A̅. B 

3 1 0 m2 = A. B̅ 

4 1 1 m3 = A. B 

 
 
Minterms of 3 inputs 
wdodk 3 .=‚;mo 
 

ICN A B C F 

1 0 0 0 m0 = A̅. B̅. C̅ 

2 0 0 1 m1 = A̅. B̅. C 

3 0 1 0 m2 = A̅. B. C̅ 

4 0 1 1 m3 = A̅. B. C 

5 1 0 0 m4 = A. B̅. C̅ 

6 1 0 1 m5 = A. B̅. C 

7 1 1 0 m6 = A. B. C̅ 

8 1 1 1 m7 = A. B. C 

 
 
 

Maxterms 
tl;= mo 
 
In a truth table, Maxterms represent how 

the inputs must be added to get the output 

0 for a given input. 
i;H;d j.=jl hï wdodkhlg wod, m%;sodkh 
0 ,eîu ioyd wdodk tl;= l, hq;= wdldrh 
tl;= mo u.ska ksrEmkh lrhs' 
 
Maxterms are used to represent a Boolean 

function in its Product of Sums (POS) form. 

Maxterms Ndú;d lrkqfha nQ,shdkQ Y%s;hla 
tys tl;+kaf.a .=‚; m%ldYkhla (POS) 
wdldrfhka ksfhdackh lsÍugh' 
 

Each maxterm corresponds to a single row 

in the truth table where the function is false 

(0). 
iEu Wmßu jdrhlau i;H;d j.=fõ Y%s;h 
false (0) jk ;ks fma<shlg wkqrEm fõ' 
 
 
Maxterms of 2 inputs  
wdodk 2 tl;=mo 

 
ICN A B F 

1 0 0 M0 = A + B 

2 0 1 M1 = A + B̅ 

3 1 0 M2 = A̅ + B 

4 1 1 M3 = A̅ + B̅ 

 
 

Maxterms of 3 inputs  
wdodk 3 tl;=mo 
 

ICN A B C F 

1 0 0 0 M0 = A + B + C 

2 0 0 1 M1 = A + B + C̅ 

3 0 1 0 M2 = A + B̅ + C 

4 0 1 1 M3 = A + B̅ + C̅ 

5 1 0 0 M4 = A̅ + B + C 

6 1 0 1 M5 = A̅ + B + C̅ 

7 1 1 0 M6 = A̅ + B̅ + C 

8 1 1 1 M7 = A̅ + B̅ + C̅ 
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Minterms & Maxterms 

 

ICN A B C F Minterms Maxterms 

1 0 0 0 0  M0 = A + B + C 

2 0 0 1 0  M1 = A + B + C̅ 

3 0 1 0 0  M2 = A + B̅ + C 

4 0 1 1 1 m3 = A̅. B. C  

5 1 0 0 0  M4 = A̅ + B + C 

6 1 0 1 1 m5 = A. B̅. C  

7 1 1 0 1 m6 = A. B. C̅  

8 1 1 1 1 m7 = A. B. C  

 

 

For Minterms 

 

Fssop = m3 OR m5 OR m6 OR m7 

       = m3 + m5 + m6 + m7 

       = A̅. B. C + A. B̅. C + A. B. C̅ + A. B. C 

 

For Maxterms 

 

Fspos  = M0 AND M1 AND M2 AND M4 

       = M0 . M1 . M2 . M4 

        = (A + B + C) . (A + B + C̅) .   

            (A + B̅ + C) . (A̅ + B + C) 

 

 

 

Logic circuit based on SOP 

SOP u; mokï jQ ;d¾lsl mßm:h 
 
 

 

Logic circuit based on POS 

POS u; mokï jQ ;d¾lsl mßm:h 
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Converting SOP to POS 

SOP isg POS njg mßj¾:kh lsÍu 
 
The logic behind converting SOP to POS is 

that minterms (SOP) and maxterms (POS) 

are complements of each other, so we use 

De Morgan’s Theorem to switch between 

AND-OR (SOP) by taking the function’s 

complement twice, ensuring the logic 

remains unchanged. 

SOP" POS  njg mßj¾;kh lsÍu msgqmi we;s 
;¾lh jkafka .=‚; mo  (POS) iy tl;= mo 

(SOP) tlsfklg wkqmQrl ùuhs" tneúka wm 
úiska Y%s;fha ;¾lkh fkdfjkia jk nj 
iy;sl lrñka AND-OR (SOP) w;r udre 
ùug" Y%s;fha wkqmQrlh fojrla ,nd 
.ekSfuka" o fuda.kaf.a m%fïhh Ndú;d lrkq 
,nhs' 
 
These conversions are important because 

they help design circuits in different forms, 

making them easier to simplify, optimize, 

and implement using different types of 

logic gates. 
fuu mßj¾;k jeo.;a jkafka tAjd u.ska 
mßm: ir, lsÍug" m%Yia; lsÍug" iy úúo 
j¾.fha ;d¾lsl oajdr Ndú;fhka tAjd 
l%shd;aul lsÍug bv i,iñka úúO 
wdldrhkaf.ka mßm: ks¾udKhg bv i,ik 
neúks' 
 
Steps to convert SOP into POS 
SOP" POS njg mßj¾;kh lsÍfï mshjr  
 

• Find the complement (F) of the given 

function. 

§ we;s Y%s;fha wkqmQrlh (F) fidhd.kak' 
Apply De Morgan’s Theorem: Convert 

AND operations (•) to OR (+)  

o fuda.kaf.a m%fïhh fhdokak( AND 
fufyhqï (•) OR (+) njg mßj¾;kh 
lrkak' 
 

• Simplify the obtained expression 
,nd .;a m%ldYkh iq¿ lrkak' 
 

• Take the complement of F again (F =F) 

to get the original function in POS form. 

POS wdldrfhka uq,a Y%s;h ,nd .ekSug F 

ys wkqmQrlh (F =F) kej; kej; ,nd 
.kak' 

Converting POS to SOP 

POS isg SOP njg mßj¾:kh lsÍu 
 
To transform a POS expression into SOP, we 

apply the distributive law to expand the 

product of sums into a sum of products. 

POS m%ldYkhla SOP njg mßj¾;kh lsÍu 
i|yd" tl;= j, .=‚; mo .=‚; j, tl;= 
mo njg m%idrKh lsÍug ú>gk kHdh 
fhdokq ,efí' 
 

If necessary, Boolean simplifications can be 

applied to simplify the resulting expression. 
wjYH kï" m%;sM,hla f,i ,efnk m%ldYkh 
ir, lsÍu i|yd nQ,shdkq ir, lsÍï fhÈh 
yelsh' 
 

 

Steps to convert POS into SOP 

POS, SOP njg mßj¾;kh lsÍfï mshjr 

 

• Apply the Distributive Law 
ú>gk kHdh fhdokak 

 

Apply this expansion to all sum terms in 

the given POS expression. 

§ we;s POS m%ldYkfha ish¨u tl;= mo 
i|yd fuu m%idrKh fhdokak' 

 

• Expand Until No Parentheses Remain 
jryka b;sß fkdjk f;la m%idrKh 
lrkak 

  
• Simplify If Necessary 

wjYH kï ir, lrkak 
 

Apply Boolean simplifications such as 

Idempotent Law, Absorption Law, and 

Complement Law if needed. 
wjYH kï ;foajNdù kHdh" ix>gk 
kHdh iy m%;sf,dau kHdh jeks nQ,shdkq 
ir, lsÍï fhdokak' 
 

 

 

 

 
  

ictfromabc.com



42 

SOP to POS conversions 

 

Example 1. 

 

1. Find the complement (𝐅) of the given function. 

§ we;s Y%s;fha wkqmQrlh (𝐅) fidhd.kak' 
 

Fsop = A. B +  A. C +  A. B. C   

F = A. B +  A. C +  A. B. C   
 
2. Simplify the obtained expression 

,nd .;a m%ldYkh iq¿ lrkak' 
 

       = A. B̅̅ ̅̅ ̅  .  A. C̅̅ ̅̅ ̅  .  A. B. C̅̅ ̅̅ ̅̅ ̅̅     De Morgan’s law 

       = (A̅ + B)  .  (A + C)  .  (A + B + C)   De Morgan’s law 

       = (A̅ + B. C) .  (A + B + C̅)    Redundancy law 

       = A. A + A. B + A. C + B. C. A + B. B. C + C. B. C Distributive law 

       = A + A. B + A. C + B. C. A + B. C + B. C  Idempotent law 

       = A + B. C + B. C     Redundancy law 

       = A + B. C      Idempotent law 

 

3. Take the complement of 𝐅 again (𝐅 =𝐅) to get the original function in POS form. 

POS wdldrfhka uq,a Y%s;h ,nd .ekSug 𝐅 ys wkqmQrlh (𝐅 =𝐅) kej; kej; ,nd .kak' 
 

F    = A + B. C  

F = A + B. C   Double complement 

F = A. B. C    De Morgan’s 

F = A. (B + C)   De Morgan’s 

Fpos = A. (B + C)   De Morgan’s 

 

 

Therefore, [A. B +  A. C +  A. B. C]sop = [A. (B + C)]pos 

tneúka  [A. B +  A. C +  A. B. C]sop = [A. (B + C)]pos fõ' 
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Example 2. 

 

1. Find the complement (𝐅) of the given function. 

§ we;s Y%s;fha wkqmQrlh (𝐅) fidhd.kak' 
 

Fsop = X. Y. Z + X. Y + Y. Z + X. Y. Z 

 

F = X. Y. Z + X. Y + Y. Z + X. Y. Z 

 

2. Simplify the obtained expression 
,nd .;a m%ldYkh iq¿ lrkak' 

 

= X. Y. Z . X. Y. Y. Z. X. Y. Z      De Morgan’s law 

= (X + Y + Z) . (X + Y) . (Y + Z). (X + Y + Z)   De Morgan’s law 

= (X + Y + Z). (X + Y). (Y + Z). (X + Y + Z)   Double inverse law 

= (X. X + X. Y + Y. X + Y. Y + Z. X + Z. Y). (Y + Z). (X + Y + Z) Distributive law 

= (X + Z. Y). (Y + Z). (X + Y + Z)     Redundancy law 

= (X + Z. Y). (Y. X + Y. Y + Y. Z + Z. X + Z. Y + Z. Z)   Redundancy law 

= (X + Z. Y). (Y. X + Z)      Redundancy law 

= (X + Z. Y). (Z + Y. X)      Associative law 

= (X. Z + X. Y. X + Z. Y. Z + Z. Y. Y. X)    Distributive law 

= (X. Z + 0 + 0 + 0)      Inverse law 

= (X. Z)        Identity law 

F = (X. Z)        Identity law 

 

3. Take the complement of 𝐅 again (𝐅 =𝐅) to get the original function in POS form. 

POS wdldrfhka uq,a Y%s;h ,nd .ekSug 𝐅 ys wkqmQrlh (𝐅 =𝐅) kej; kej; ,nd .kak' 
 

F = (X. Z)         

Fpos = (X + Z)         

 

[𝐗. 𝐘. 𝐙 + 𝐗. 𝐘 + 𝐘. 𝐙 + 𝐗. 𝐘. 𝐙]sop = [(𝐗 + 𝐙)]pos 
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Example 3. 

 

1. Find the complement (𝐅) of the given function. 

§ we;s Y%s;fha wkqmQrlh (𝐅) fidhd.kak' 
 

Fsop = X. Y + X. Z + Y. Z 

 

F = X. Y + X. Z + Y. Z 

 

 

2. Simplify the obtained expression 
,nd .;a m%ldYkh iq¿ lrkak' 

 

= (X. Y̅̅ ̅̅̅) . ( X. Z̅̅ ̅̅̅ ) . (Y. Z̅̅ ̅̅̅)      De Morgan’s law 

      = (X̅ + Y̅) . (X̿ + Z̅ ). ( Y̅ + Z̅)     De Morgan’s law 

      = (X̅ + Y̅) . (X + Z̅ ). ( Y̅ + Z̅)     Double Inverse law 

       = (X̅. X + X̅. Z̅ + Y̅. X + Y. Z). ( Y̅ + Z̅)    Distributive law 

      = (0 + X̅. Z̅ + Y̅. X + Y. Z). ( Y̅ + Z̅)     Inverse law 

      = (X̅. Z̅. Y̅ + Y̅. X. Y̅ + Y. Z. Y̅ + X̅. Z̅. Z̅ + Y̅. X. Z̅ + Y. Z. Z̅)  Distributive law 

      = (X̅. Z̅. Y̅ + Y̅. X. Y̅ +  X̅. Z̅. Z̅ + Y̅. X. Z̅)               Inverse law 

      = X̅. Z̅. Y̅ + Y̅. X +  X̅. Z̅ + Y̅. X. Z̅     Idempotent law 

 

 

3. Take the complement of 𝐅 again (𝐅 =𝐅) to get the original function in POS form. 

POS wdldrfhka uq,a Y%s;h ,nd .ekSug 𝐅 ys wkqmQrlh (𝐅 =𝐅) kej; kej; ,nd .kak' 
 

F = (X̅. Z̅. Y̅ + Y̅. X +  X̅. Z̅ + Y̅. X. Z̅)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅          

Fpos = (X̅. Z̅. Y̅̅̅ ̅̅ ̅̅ ̅). (Y̅. X̅̅ ̅̅̅). (X̅. Z̅̅̅ ̅̅̅). (Y̅. X. Z̅̅̅ ̅̅ ̅̅ ̅)    De Morgan’s law        

           = (X̅̅ + Z̿ + Y̅ ̅). (Y̿ + X̅). (X̿ + Z̿). (Y̿ + X̅ + Z̿)    De Morgan’s law  

    = (X + Z + Y). (Y + X̅). (X + Z). (Y + X̅ + Z)   Double Inverse law 

 

 

[𝐗. 𝐘 + 𝐗. 𝐙 + 𝐘. 𝐙] sop = [(𝐗 + 𝐙 + 𝐘). (𝐘 + 𝐗̅). (𝐗 + 𝐙). (𝐘 + 𝐗̅ + 𝐙)]pos 
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POS to SOP conversions 

 

Example 1. 

 

1. Apply the Distributive Law 
ú>gk kHdh fhdokak 
 
FPOS  = (X + Z)(Y + Z) 

   = (X. Y + X. Z + Z. Y +  Z. Z) 

 

2. Apply Boolean simplifications. 
nQ,shka ir, lsÍï fhdokak' 
 
= (X. Y + Z. Y + X. Z +  Z. Z) 

= (X. Y + Z. Y + X. Z +  Z)   Idempotent Law 

= X. Y + Z     Redundancy Law 
 

[(𝐗 + 𝐙)(𝐘 + 𝐙)]pos = [𝐙 + 𝐗. 𝐘]sop 

 

Example 2. 

 

FPOS  = (X + Y + Z)(X̅ + Y) 

         = (X. X̅ + Y. X̅  + Z. X̅  +  X. Y + Y. Y + Z. Y) 
 

= (X. X̅ + Y. X̅  + Z. X̅  +  X. Y + Y. Y + Z. Y) 

= (X. X̅ + Y. X̅  + Z. X̅  +  X. Y + Y + Z. Y)  Idempotent Law 

= (0 + Y. X̅  + Z. X̅  +  X. Y + Y + Z. Y)  Inverse Law 

= (Y. X̅  + Z. X̅  +  X. Y + Y)    Redundancy Law 

= (Y. X̅  + Z. X̅  +  Y)    Redundancy Law 

= (Z. X̅  +  Y)     Redundancy Law 

= Y + X̅. Z      Commutative Law 
 

[(𝐗 + 𝐘 + 𝐙)(𝐗̅ + 𝐘)]pos = [𝐘 + 𝐗̅. 𝐙]sop 

 

Example 3. 

 

FPOS  = (X + Y)(X̅ + Z)(Y + Z) 

         = (X. X̅  +  X̅. Y + Z. X + Y. Z )(Y + Z) 

         = (X. X̅. Y + X̅. Y. Y + Z. X. Y + Y. Z. Y + X. X̅. Z +  X̅. Y. Z + Z. X. Z + Y. Z. Z ) 

 

= (X. X̅. Y + X̅. Y. Y + Z. X. Y + Y. Z. Y + X. X̅. Z +  X̅. Y. Z + Z. X. Z + Y. Z. Z ) 
= (X. X̅. Y + X̅. Y + Z. X. Y + Y. Z + X. X̅. Z + X̅. Y. Z + Z. X + Y. Z )     Idempotent Law 

= (0. Y + X̅. Y + Z. X. Y + Y. Z + 0. Z +  X̅. Y. Z + Z. X + Y. Z )       Inverse Law 

= (X̅. Y + Z. X. Y + Y. Z +  X̅. Y. Z + Z. X)                  Idempotent Law 

= X̅. Y + Y. Z + X. Z             Redundancy Law 
 

[(𝐗 + 𝐘). (𝐗̅ + 𝐙). (𝐘 + 𝐙)]pos  = [𝐗̅. 𝐘 + 𝐘. 𝐙 + 𝐗. 𝐙]sop 
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Standard and non-standard expressions 
iïu; iy iïu; fkdjk m%ldYk 
 

Standard Expression 
iïu; m%ldYk 
 

A Boolean expression where each term 

contains all variables of the function, either 

in complemented or uncomplemented 

form. 
iEu mohlu Y%s;fha we;s ish¨u úp,Hhka 
wkqmQrl fyda wkqmQrl fkdjk wdldrfhka 
wvx.= jk nQ,Shdkq m%ldYkhls' 
 

Ex. F(A, B, C) = (A. B. C) + (A. B. C) + (A. B. C) 

 

Non-Standard Expression 
iïu; fkdjk m%ldYkh 
 

A Boolean expression where not all terms 

contain all variables. 
ish¨u moj, ish¨u úp,Hhka wvx.= fkdjk 
nQ,Shdkq m%ldYkhls' 
 

Ex. F(A, B, C) = 𝐴 + B. C 

How to convert a non-standard 

expression into a standard expression 
iïu; fkdjk m%ldYkhla iïu; 
m%ldYkhla njg mßj¾;kh lrk wdldrh@ 
 

To convert a non-standard SOP or POS 

expression into a standard SOP or POS 

expression, you need to ensure that each 

product term (minterm) in SOP and each 

sum term (maxterm) in POS includes all the 

variables in the function. 

iïu; fkdjk SOP fyda POS m%ldYkhla 
iïu; SOP fyda POS m%ldYkhla njg 
mßj¾;kh lsÍu i|yd" SOP ys kï iEu 
.=‚; mohlu (minterm) o" POS ys kï iEu 
tl;=j mohlu (maxterm) o Y%s;fha ish¨u 
úp,Hhka we;=<;a jk njg iy;sl l< hq;=h' 
 

This often involves expanding the 

expression by using Boolean algebraic 

properties. 
fuhg fndfyda úg nQ,shdkQ ùÔ .‚; kS;s 
Ndú;fhka m%ldYkh mq¿,a lsÍu we;=<;a fõ' 
 

1. Conversion of a non-standard SOP expression into a standard SOP expression 
iïu; fkdjk SOP m%ldYkhla iïu; SOP m%ldYkhla njg mßj¾:kh 
 

EX. 1 

FSOP = 𝐀. 𝐁̅ + 𝐀. 𝐁̅. 𝐂 + 𝐀. 𝐁. 𝐂̅. 𝐃 
 

= A. B̅ + A. B̅. C. 1 + A. B. C̅. D Identity law 

= A. B̅ + A. B̅. C. (D + D̅) + A. B. C̅. D Inverse law 

= A. B̅ + A. B̅. C. D + A. B̅. C. D̅ + A. B. C̅. D Distributive law 

= A. B̅. 1.1 + A. B̅. C. D + A. B̅. C. D̅ + A. B. C̅. D Identity law 

= A. B̅. (C + C̅). (D + D̅) + A. B̅. C. D + A. B̅. C. D̅ + A. B. C̅. D Inverse law 

= A. B̅. [(C + C̅). D + (C + C̅). D̅] + A. B̅. C. D + A. B̅. C. D̅ + A. B. C̅. D Distributive law 

= A. B̅. [C. D + C̅. D + C. D̅ + C̅. D̅] + A. B̅. C. D + A. B̅. C. D̅ + A. B. C̅. D Distributive law 

= A. B̅. C. D + A. B̅. C̅. D + A. B̅. C. D̅ +  A. B̅. C̅. D̅ + A. B̅. C. D + A. B̅. C. D̅ +
     A. B. C̅. D  

Distributive law 

 
FSSOP = 𝐀. 𝐁̅. 𝐂. 𝐃 + 𝐀. 𝐁̅. 𝐂. 𝐃 + 𝐀. 𝐁̅. 𝐂. 𝐃̅ +  𝐀. 𝐁̅. 𝐂. 𝐃̅ + 𝐀. 𝐁̅. 𝐂. 𝐃 + 𝐀. 𝐁̅. 𝐂. 𝐃̅ + 𝐀. 𝐁. 𝐂. 𝐃 
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EX. 2 

 
FSOP = 𝐀. 𝐁 + 𝐀. 𝐂̅ + 𝐁. 𝐂  
 

= A. B. 1 + A. C̅ + B. C  Identity law 

= A. B. (C + C̅) + A. C̅ + B. C  Inverse law 

= A. B. C + A. B. C̅ + A. C̅ + B. C  Distributive law 

= A. B. C + A. B. C̅ + A. C̅. 1 + B. C Identity law 

= A. B. C + A. B. C̅ + A. C̅. (B + B̅) + B. C Inverse law 

= A. B. C + A. B. C̅ + A. C̅. B + A. C̅. B̅ + B. C Distributive law 

= A. B. C + A. B. C̅ + A. C̅. B + A. C̅. B̅ + B. C. 1 Identity law 

= A. B. C + A. B. C̅ + A. C̅. B + A. C̅. B̅ + B. C. (A + A̅) Inverse law 

= A. B. C + A. B. C̅ + A. C̅. B + A. C̅. B̅ + B. C. A + B. C. A̅ Distributive law 

= A. B. C + A. B. C̅ + A. C̅. B + A. C̅. B̅ + B. C. A̅ Idempotent law 

= A. B. C + A. B. C̅ + A. C̅. B̅ + B. C. A̅ Idempotent law 

= A. B. C + A. B. C̅ + A. B̅. C̅ + A̅. B. C Commutative law 

 
FSSOP = 𝐀. 𝐁. 𝐂 + 𝐀. 𝐁. 𝐂̅ + 𝐀. 𝐁̅. 𝐂̅ + 𝐀̅. 𝐁. 𝐂 

 

 

EX. 3 

 
FSOP = 𝐗 + 𝐗. 𝐙 + 𝐘. 𝐙  
 

= X. 1.1 + X. 1. Z + 1. Y. Z Identity law 

= X. (Y + Y). (Z + Z) + X. (Y + Y). Z + (X + X). Y. Z Inverse law 

= X. Y. Z + X. Y. Z + X. Y. Z + X. Y. Z + X. Y. Z + X. Y. Z Distributive law 

= X. Y. Z + X. Y. Z + X. Y. Z + X. Y. Z Idempotent law 

 

FSSOP = 𝐗. 𝐘. 𝐙 + 𝐗. 𝐘. 𝐙 + 𝐗. 𝐘. 𝐙 + 𝐗. 𝐘. 𝐙 
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2. Conversion of a non-standard POS statement into a standard POS statement 

iïu; fkdjk POS m%ldYkhla iïu; POS m%ldYkhla njg mßj¾:kh 
 
EX. 1 

 

FPOS = (𝐀 + 𝐁̅). (𝐀 + 𝐁̅ + 𝐂). (𝐀 + 𝐁 + 𝐂̅ + 𝐃) 

 

= (A + B̅). (A + B̅ + C + 0). (A + B + C̅ + D) Identity law 

= (A + B̅). (A + B̅ + C + (D. D̅)). (A + B + C̅ + D) Inverse law 

= (A + B̅). (A + B̅ + C + D). (A + B̅ + C + D̅). (A + B + C̅ + D) Distributive law 

= (A + B̅ + 0 + 0). (A + B̅ + C + D). (A + B̅ + C + D̅). (A + B + C̅ + D) Identity law 

= [A + B̅(C. C̅) + (D. D̅)]. (A + B̅ + C + D). (A + B̅ + C + D̅). (A + B + C̅ + D) Inverse law 

= [A + B̅((C. C̅) + D. (C. C̅) + D̅)]. (A + B̅ + C + D). (A + B̅ + C + D̅). 

     (A + B + C̅ + D)  
Distributive law 

= [A + B̅(C + D). (C̅ + D). (C + D̅). (C̅ + D̅)]. (A + B̅ + C + D). 
     (A + B̅ + C + D̅). (A + B + C̅ + D)  

Distributive law 

= (A + B̅ + C + D). (A + B̅ + C̅ + D). (A + B̅ + C + D̅). (A + B̅ + C̅ + D̅).  
     (A + B̅ + C + D). (A + B̅ + C + D̅). (A + B + C̅ + D)  

Distributive law 

 

FSPOS = (𝐀 + 𝐁̅ + 𝐂 + 𝐃). (𝐀 + 𝐁̅ + 𝐂̅ + 𝐃). (𝐀 + 𝐁̅ + 𝐂 + 𝐃̅). (𝐀 + 𝐁̅ + 𝐂̅ + 𝐃̅). (𝐀 + 𝐁̅ + 𝐂 + 𝐃). 
            (𝐀 + 𝐁̅ + 𝐂 + 𝐃̅). (𝐀 + 𝐁 + 𝐂̅ + 𝐃)  

 

 

EX. 2 

 

FPOS = (𝐗 + 𝐙). (𝐘 + 𝐙). (𝐗 + 𝐘 + 𝐙) 

 

= (X + 0 + Z). (0 + Y + Z). (X + Y + Z) Identity law 

= (X + (Y. Y) + Z). ((X. X) + Y + Z) . (X + Y + Z) Inverse law 

= (X + Y + Z). (X + Y + Z). (X + Y + Z). (X + Y + Z). (X + Y + Z) Distributive law 

= (X + Y + Z). (X + Y + Z). (X + Y + Z). (X + Y + Z) Idempotent law 

 

 

FSSOP = (𝐗 + 𝐘 + 𝐙). (𝐗 + 𝐘 + 𝐙). (𝐗 + 𝐘 + 𝐙). (𝐗 + 𝐘 + 𝐙) 
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Designs simple digital circuits using logic gates for a given scenario 
;d¾lsl oajdr Ndú;fhka ,nd § we;s wjia:djla ioyd ir, äðg,a mßm: ks¾udKh lrhs' 
 

A company has a high-security safe that requires keys K1, K2 and K3. To unlock the safe, at 

least two of these keys must be used together. The presence of each key is represented as a 

binary variable, where 1 means the key is used and 0 means it is not used. 

iud.ulg K1, K2 iy K3 h;=re wjYH jk wê wdrlaIs; fiamamqjla ;sfí' fiamamqj w.=¿ weÍug" 
wju jYfhka fuu h;=re follaj;a tlg Ndú;d l< hq;=h' tla tla h;=fra meje;au oaúuh 
úp,Hhla f,i ksrEmKh flfra" tys§ 1 hkafkka woyia lrkafka h;=r Ndú;d lr we;s nj;a 0 
hkafkka woyia lrkafka th Ndú;d lr fkdue;s nj;ah' 
 
The safe opens (S = 1) only when at least two keys are used. Otherwise, the safe remains locked 

(S = 0). 

fiamamqj újD; jkafka (S = 1) wju jYfhka h;=re follaj;a Ndú;d l< úg mu‚' tfia fkdue;skï" 
fiamamqj w.=¿ oud mj;S (S = 0) 

 

1. Construct the truth table representing this situation. 
fï i|yd i;H;d j.=j  idokak' 

 

Defining the inputs and outputs 
wdodk iy m%;sodk ks¾jpkh lsÍu 

 

A key (K1, K2 or K3) is used 

h;=rla (K1, K2 fyda K3)  Ndú;d flfra 
1 

A key (K1, K2 or K3) is not used 

h;=rla (K1, K2 fyda or K3)  Ndú;d fkdflfra 
0 

The safe (S) is open 

fiamamqj (S) újD;hs 
1 

The safe (S) is closed 

fiamamqj (S) jid we; 
0 

 

The safe will only open if at least two keys are used. This means that if one key is used, the 

safe remains locked. If two or three keys are used, the safe opens. 
fiamamqj újD; jkafka wju jYfhka h;=re follaj;a Ndú;d l<fyd;a mu‚' fuhska woyia 
lrkafka tla h;=rla Ndú;d l<fyd;a fiamamqj w.=¿ jeà mj;sk njhs' we;s njhs' h;=re folla 
fyda ;=kla Ndú;d l<fyd;a fiamamqj újD; fõ' 

 

K1 K2 K3 S 

0 0 0 0 

0 0 1 0 

0 1 0 0 

0 1 1 1 

1 0 0 0 

1 0 1 1 

1 1 0 1 

1 1 1 1 
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2. Construct the SOP (Sum of Products) expression using minterms. 

Minterms Ndú;fhka SOP tl;=kaf.a .=‚; m%ldYkh ks¾udKh lrkak' 
 

SOP is a simplified OR (sum) of multiple AND (product) terms. We take the rows where S=1 

(safe opens) and write each as an AND expression. 

SOP hkq OR (sum) mo lsysmhl ir, l< AND ^tl;=j& fõ'  S=1  ^wdrlaIs;j újD; jk& 
fma<s f.k tA iEu tllau AND m%ldYkhla f,i ,súh hq;=h' 

 

K1 K2 K3 S Minterms 

0 0 0 0  

0 0 1 0  

0 1 0 0  

0 1 1 1 K1̅̅̅̅ . K2 . K3 

1 0 0 0  

1 0 1 1 K1. K2̅̅̅̅  . K3 

1 1 0 1 K1. K2 . K3̅̅̅̅  

1 1 1 1 K1. K2 . K3 

 

Ssop = K1̅̅̅̅ . K2 . K3 + K1. K2̅̅̅̅  . K3 + K1. K2 . K3̅̅̅̅ + K1. K2 . K3 

 

 

3. Construct the POS (Product of Sums) expression using maxterms. 

Maxterms Ndú;fhka POS m%ldYkh ks¾udKh lrkak' 
 

POS is a simplified AND (product) of multiple OR (sum) terms.  We take the rows where 

S=0 (safe remains locked) and write each as an OR expression. 

POS hkq AND (tl;=& mo lsysmhl ir, l< OR  (sum) fõ'  S=0 ^ fiamamqj wdrlaIs;j w.=¿ 
oud we;s& fma<s f.k tA iEu tllau OR m%ldYkhla f,i ,súh hq;=h' 
 

K1 K2 K3 S Maxterms 

0 0 0 0 K1 +  K2 +  K3 

0 0 1 0 K1 +  K2 +  K3̅̅ ̅̅  

0 1 0 0 K1 + K2 ̅̅ ̅̅ +  K3 

0 1 1 1  

1 0 0 0 K1̅̅̅̅ +  K2 +  K3 

1 0 1 1  

1 1 0 1  

1 1 1 1  

 

SPOS = (K1 +  K2 +  K3). (K1 +  K2 +  K3̅̅ ̅̅ ). (K1 + K2 ̅̅ ̅̅ +  K3). (K1̅̅ ̅̅ ̅ +  K2 +  K3) 
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4. Simplify the SOP and POS expressions using Boolean laws. 

nQ,shdkq kS;s Ndú;fhka SOP iy POS m%ldYk ir, lrkak' 
 

SOP   

 

= K1̅̅̅̅ . K2 . K3 + K1. K2̅̅̅̅  . K3 + K1. K2 . K3̅̅̅̅ + K1. K2 . K3 

 

We can make the simplification easier and shorter by adding K1. K2 . K3 for every term in 

the expression using the Idempotent law. 

;foajNdù kshuh Ndú;fhka m%ldYkfha iEu mohla i|ydu K1. K2 . K3 tl;= lsÍfuka wmg 
ir, lsÍu myiq iy flá l< yelsh' 
 
= K1̅̅̅̅ . K2 . K3 + K1. K2 . K3 + K1. K2̅̅̅̅  . K3 + K1. K2 . K3 + K1. K2 . K3̅̅̅̅ + K1. K2 . K3 

=  K2 . K3. (K1 + K1) + K1 . K3. (K2̅̅̅̅ + K2) + K1. K2 . (K3̅̅̅̅ +  K3) Distributive Law 

=  K2 . K3. (1) + K1 . K3. (1) + K1. K2 . (1)    Inverse Law 

=  K2 . K3 + K1 . K3 + K1. K2     Identity Law 

Ssop =  K1. K2 + K2 . K3 + K1 . K3     Commutative Law 

 

POS   

 

= (K1 +  K2 +  K3). (K1 +  K2 +  K3̅̅ ̅̅ ). (K1 +  K2 ̅̅ ̅̅ +  K3). (K1̅̅ ̅̅ ̅ +  K2 +  K3) 
= (K1 +  K2 +  K3). (K1 +  K2 +  K3̅̅ ̅̅ ). (K1 +  K2 +  K3)(K1 + K2 ̅̅ ̅̅ +  K3). (K1 +  K2 +  K3). 

                     (K1̅̅ ̅̅ ̅ +  K2 +  K3)        Idempotent law 

= (K1 + K2 + (K3.  K3̅̅ ̅̅ )). (K1 + K3 + (K2. K2 ̅̅ ̅̅ )). (K2 + K3 + (K1. K1)) Distributive law 

= (K1 + K2 + (0)). (K1 + K3 + (0)). (K2 + K3 + (0))   Inverse law 

Spos= (K1 + K2). (K1 + K3). (K2 + K3)     Identity law 

 
 

 

5. Simplify the SOP and POS expressions using Karnaugh-maps. 

ldfkda is;shï Ndú;fhka SOP iy POS m%ldYk ir, lrkak' 
 

SOP 

 

 

 

 

 

 

 

 

 

  
K1. K2. K3 

K1. K2. K3 

= K2. K3 

K1. K2. K3 

K1. K2. K3 

= K1. K3 

K1. K2. K3 

K1. K2. K3 

= K1. K2 

Ssop = K1. K2 + K2 . K3 + K1 . K3 
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POS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Design the circuit diagrams for the simplified SOP and POS expressions using basic 

logic gates. 
uQ,sl ;d¾lsl oajdr Ndú;fhka ir, l< SOP iy POS m%ldYk i|yd mßm: igyka wÈkak' 
 

 

Ssop =  𝐊𝟏. 𝐊𝟐 + 𝐊𝟐 . 𝐊𝟑 + 𝐊𝟏 . 𝐊𝟑  Spos= (𝐊𝟏 + 𝐊𝟐). (𝐊𝟏 + 𝐊𝟑). (𝐊𝟐 + 𝐊𝟑) 

 

 

K1 + K2 + K3 

K1 + K2 + K3 

= K1 + K2 

K1 + K2 + K3 

K1 + K2 + K3 

= K1 + K3 

K1 + K2 + K3 

K1 + K2 + K3 

= K2 + K3 

Spos = (K1 + K2). (K1 + K3). (K2 + K3) 
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7. Design the circuit diagrams for the simplified SOP and POS expressions using 

universal gates. (NAND and NOR) 
id¾j;% oajdr Ndú;fhka ir, l< SOP iy POS m%ldYk i|yd mßm: igyka wÈkak' 
 
 
SOP - NAND 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This circuit can be further simplified by removing the repeating NOT gates as follows 

mqkrdj¾;kh jk NOT oajdr bj;a lsÍfuka fuu mßm:h  my; mßÈ ;jÿrg;a ir, l< yel' 
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SOP – NOR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

POS – NAND 
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POS – NAND 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This circuit can also be further simplified by removing the repeating NOT gates as follows 

mqkrdj¾;kh jk NOT oajdr bj;a lsÍfuka fuu mßm:h o my; mßÈ ;jÿrg;a ir, l< 
yel' 
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Building blocks of CPU 

CPU ys ;ekqï tAll 
  

Adders 
wdl,l 
 

An adder is a digital logic circuit that 

performs binary addition. 
wdl,lhla hkq oaúuh tl;= lsÍu isÿ lrk 
wxls; ;d¾lsl mßm:hls' 
 
 
1. Half Adder 
w¾O wdl,lh 
 

Adds two single-bit binary numbers and 

produces two outputs called Sum (A ⊕ B) 

and Carry (A • B), without considering any 

carry input from a previous addition. 
fmr isÿ lrk ,o tl;= lsÍulska lsisÿ /f.k 
hdfï wdodkhla ie,ls,a,g fkdf.k" ;ks-ìgq 
iys; oaúuh ixLHd folla tl;= lr Sum tl 
(A ⊕ B)  iy Carry tl  (A • B) f,iska 
y÷kajk m%;sodk folla ksmojhs' 
 
 
Inputs 
wdodk 

Two single-bit binary numbers, usually 

denoted as A and B. 

idudkHfhka A iy B f,i oelafjk ;ks-ìgq 
oaúuh ixLHd folla' 
 

Outputs 
m%;sodk 
 

Sum (S) - This is the result of adding the 

two input bits. 
fuh wdodk ìgq fol tl;= lsÍfï m%;sM,hhs' 
 

Carry (C) - This indicates if there is a carry-

out from the addition. A carry is produced 

when the sum of the two bits is greater 

than what can be represented by a single 

bit (ex:- greater than 1). 

/f.k hdu (C) - tl;= lsÍfuka f.khdula 
;sfío hkak fuhska fmkakqï lrhs' ìgq fofla 
tl;=j ;ks ìgqjlska ^tkï" 1 g jvd jeä& 
ksfhdackh l< yels m%udKhg jvd jeä jQ úg 
/f.k hdula ks¾udKh fõ' 

Functionality 
l%shdldÍ;ajh 
 
The Sum (S) output is generated using an 

XOR gate, which performs the binary 

addition of A and B. 

tl;= (S) m%;sodkh W;amdokh lrkq ,nkafka 
XOR oajdrhla Ndú;fhka jk w;r th A iy 
B ys oaúuh tl;= lsÍu isÿ lrhs' 
 

The Carry (C) output is generated using an 

AND gate, which produces a 1 only when 

both A and B are 1, indicating a carry over. 

/f.k hdu ^C& m%;sodkh ckkh lrkq 
,nkafka AND oajdrhla Ndú;fhka jk w;r" 
tu.ska /f.k hdula fmkakqï lrñka 1la 
ksmojkafka A iy B  hk folu 1 jk úg§h 
 

The truth table for a half adder is as follows 
w¾O wdl,lh i|yd i;H;d j.=j my; mßÈ 
fõ 
 
A B Sum(S) Carry(c) 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

 

 

Logic Equations 
;d¾lsl iólrK 
 

From the truth table, the logic equations for 

the sum and carry can be derived 
i;H;d j.=fjka" tl;=j iy /f.k hdu 
i|yd ;d¾lsl iólrK jHq;amkak l< yel 
 
Sum (s) = A ⨁ B (A XOR B) 

Carry (s) = A.B (A AND B) 
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Logic Circuit 
;d¾lsl mßm:h 
 

A half adder circuit can be implemented 

using basic logic gates: 
uQ,sl ;d¾lsl oajdr Ndú;fhka w¾O wdl,l 
mßm:hla l%shd;aul l< yelsh( 
 

XOR Gate - Used to produce the Sum 

output. 

XOR oajdrh - Sum m%;sodkh ksmoùug 
Ndú;d lrhs' 
 

AND Gate - Used to produce the Carry 

output. 

AND oajdrh - Carry m%;sodkh ksmoùug 
Ndú;d lrhs' 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Logic Circuit for Half Adder without XOR 

gate 

XOR oajdrh rys; w¾O wdl,lh ioyd 
;d¾lsl mßm:h 
 
 

 

 

 

 

 

 

 

 

 

 

 

Practical Applications 
m%dfhda.sl fhÿï 
 

Half adders are the building blocks for 

more complex adders used in computers, 

such as full adders and multi-bit adders. 

mQ¾K wdl,l iy multi-bit wdl,lh jeks 
mß.Klj, Ndú;d lrk jvd;a ixlS¾K 
wdl,l i|yd jk ;ekqï tAll w¾O wdl,l 
f,i ie,lsh yelsh' 
 

Used in various digital systems where 

binary addition is required. 
oaúuh tl;= lsÍï wjYH jk úúO wxls; 
moaO;sj, Ndú;d fõ' 
 

Understanding half adders is a 

fundamental step in learning how 

computers perform arithmetic operations 

and is crucial for anyone studying digital 

electronics or computer engineering. 
w¾O wdl,lh f;areï .ekSu mß.Kl 
.‚;uh fufyhqï isÿ lrk wdldrh bf.k 
.ekSfï uQ,sl mshjrla jk w;r wxls; 
bf,lafg%dksl úoHdj fyda mß.Kl bxðfkare 
úoHdj yodrk ´kEu flfkl=g th b;d 
jeo.;a fõ' 
 

  

ictfromabc.com



58 

Full Adder 
mQ¾K wdl,lh 
 
Adds two single-bit binary numbers along 

with a carry input (Cin) from a previous 

stage, producing a Sum and a Carry-out, 

making it suitable for multi-bit addition. 

fmr wÈhrlska f.k hk wdodkhla (Cin) 
iu.ska ;ks-ìgq oaúuh ixLHd folla tl;= 
lrk w;r" Sum tlla  iy Carry-out tlla 
ksmojkq ,nhs' fuh ìgq lsysmhla tl;= lsÍu 
i|yd iqÿiq fõ' 
 

 

 

 
 
 
 
 
 
 

 

Digit 1 Digit 2 Sum Cout 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

 

Inputs 
wdodk 
 
A and B are the two binary digits (0 or 1) 

that are to be added. 

A iy B hkq tl;= l< hq;= oaúuh b,lalï 
fol ^0 fyda 1& fõ' 
 

Cin is the carry bit from the previous stage 

of addition. 

Cin hkq tl;= lsÍfï fmr wÈhfra isg /f.k 
tkq ,nk ìgqjhs' 
 

Outputs 
m%;sodk 
 

The Sum (S) – The result of the addition 
tl;= lsÍfuka ,efnk m%;sM,h 
 

The Carry (Cout) – The carried-out bit after 

the addition. 
tl;= lsÍfuka miq /f.k hk ,o ìgqj' 

Functionality 
l%shdldÍ;ajh 
 

The Sum (S) output is generated using two 

XOR gates in series.  

tl;= (S) m%;sodkh W;amdokh lrkq ,nkafka 
wdodk ;=fkys XOR oajdrhla Ndú;d lrñks'  
 

The Carry (Cout) output is generated using 

three AND gates and one OR gate.  

/f.k hdï (Cout) m%;sodkh ckkh lrkq 
,nkafka AND oajdr folla iy tla OR 
oajdrhla Ndú;d lrñks'  
 
 
The truth table for a full adder is as 

follows 
mQ¾K wdl,lh i|yd i;H j.=j my; mßÈ 
fõ 
 
A B Cin Sum Cout 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

 

Logic Equations 
;d¾lsl iólrK 
 

From the truth table, the logic equations 

for the sum and carry-out can be derived. 
i;H;d j.=fjka" tl;=j iy /f.khdu 
i|yd ;d¾lsl iólrK jHq;amkak l< yel' 
 
Sum (S) = A ⨁ B ⨁ Cin 

Carry out (Cout) = (A.B) + (B.Cin) + (A.Cin) 
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Logic Circuit 
;d¾lsl mßm:h 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Logic Circuit for Full Adder without 

XOR gate 

XOR oajdrh rys; mQ¾K wdl,lh ioyd 
;d¾lsl mßm:h 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Obtaining another equation for Cout of a 

full adder. 

mQ¾K wl,hl Cout i|yd ;j;a iólrKhla 
,nd .ekSu' 
 
 
First, let’s get the truth table for Cout 

m,uqfjka Cout ioyd i;H;d j.=j ,nd .ksuq  
 
A B Cin Cout 

0 0 0 0 

0 0 1 0 

0 1 0 0 

0 1 1 1 

1 0 0 0 

1 0 1 1 

1 1 0 1 

1 1 1 1 

 

Let’s put this output in a Kmap. 
fuu m%;sodkh ldfkd is;shul we;=<;a lruq' 
 
But here, it is done in a different way than 

the usual way. 
kuq;a fuys§ th idudkH l%uhg jvd fjkia 
wdldrhlg isÿ flfra' 
 
 
 
 
 
 
 
 
 
 
 
 

When grouping this Kmap, it should be 

done as follows. 
fuu ldfkd is;shu ldKav lsÍfïo th my; 
wdldrhg isÿ l< hq;=h' 
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The next step is to obtain the simplified 

expression using the grouped Kmap. 
ó<Õ mshjr jkafka ldKav.; ldfkd is;shu 
Ndú;fhka ir, l< m%ldYkh ,nd .ekSuhs' 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
Cout = A. B +  A. B. Cin + A. B. Cin 
 
We can further simplify this as follows. 
fuh my; mßÈ ;jÿrg;a ir, l< yelsh'  
 
Cout = A. B +  Cin. (A. B + A. B) 
Cout = A. B +  Cin. (A ⊕ B) 
 
 

Implementing a full adder using half 

adders. 
w¾O wdl,l Ndú;fhka mQ¾K wl,hla 
l%shd;aul lsÍu' 
 
The two outputs of a half adder are, 
w¾O wdl,lhl m%;sodk fol jkafk" 
 

Sum = A ⨁ B  

Cout = A.B 

 

The two outputs of a full adder are, 
mQ¾K wdl,lh m%;sodk fol jkafk" 
 
Sum =  A ⊕ B ⊕ Cin 

Cout = A. B +  Cin. (A ⊕ B) 
 
So, we need to design a circuit that outputs 

these two expressions using half adders. 
tneúka" fuu m%ldYk fol m%;sodkh lrk 
mßm:hla w¾O wdl,l Ndú;fhka ks¾udKh 
l< hq;=hs' 
 
We need two half adders and an OR gate 

to implement a full adder. 

wmg w¾O wdl,l folla iy OR oajdrhla 
mQ¾K wdl,lhla l%shd;aul lsÍug wjYH fõ' 
 

 
  

A. B 

A. B. Cin 

A. B. Cin 
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8-bit adder block diagram 

 

Each full adder takes two input bits (A and 

B) and a carry-in bit from the previous 

adder and produces a sum bit and a carry-

out bit to the next adder. 
iEu mQ¾K wdl,lhlgu fmr tl;= lrkakd 
fj;ska wdodk ìgq folla (A iy B& iy /f.k 
hdfï ìgq tlla f.k B<Õ  wdl,lh fj; 
tl;= lrk ìgq tlla iy /f.k hdfï ìgq 
tlla ksmojhs' 
 

The first adder in the series is a half adder 

because it does not have a carry-in. 
fY%a‚fha m<uq wdl,lh th /f.k hdula 
fkdue;s ksid w¾O wdl,lh fõ 
 

 

 

 

 
v

8-bit adder circuit diagram 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
B5 
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The circuit diagram of an 8-bit adder shows 

the detailed connections of the eight full 

adders. 

8-bit adder tll mßm: igyk mQ¾K 
wdl,l 8 l iúia;rd;aul iïnkaO;d 
fmkajhs'  
 

Each full adder consists of logic gates 

(AND, OR, XOR) that perform the addition 

operation. 
tla tla mQ¾K wdl,l tl;= lsÍfï fufyhqu 
isÿ lrk ;d¾lsl oajdr ^AND" OR" XOR& 
j,ska iukaú; fõ' 
 

 

The diagram below represents a typical 

layout for an 8-bit adder. 

my; rEm igyk 8-bit adder i|yd idudkH 
msßie,iqula ksfhdackh lrhs' 
 

These diagrams are essential for 

understanding how binary addition is 

performed in digital circuits and are 

fundamental in designing arithmetic units 

in computers. 
fuu rEm igyka ixLHdxl mßm:j, oaúuh 
tl;= lsÍu isÿ lrk wdldrh wjfndaO lr 
.ekSu i|yd w;HjYH jk w;r mß.Klj, 
wxl .‚; tAll ie,iqï lsÍfï§ uQ,sl fõ' 

Some other 8-bit adder circuit diagrams 
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Storing bits in digital circuits 
äðg,a mßm:j, ìgq .nvd lsÍu 
 
Combinational Circuits 
ixhqla; mßm: 

 

Combinational circuits are types of digital 

circuits where the output depends only on 

the current input values. 
ixhqla; mßm: hkq m%;sodkh j;auka wdodk 
w.hka u; muKla r|d mj;sk ixLHdxl 
mßm: j¾. fõ' 
 

There is no concept of memory or past 

input states in these circuits. 
fuu mßm:j, u;lh fyda fmr wdodk 
;;ajhka ms<sn| ixl,amhla fkdue;' 
 

These circuits perform specific operations 

like arithmetic calculations, data routing, 

and logic operations based on the input 

signals provided at that moment. 
fuu mßm: tu fudfydf;a ,nd § we;s wdodk 
ix{d u; mokïj .‚;uh .Kkh lsÍï" 
o;a; ud¾..; lsÍu iy ;d¾lsl fufyhqï 
jeks úfYaIs; fufyhqï isÿ lrhs' 
 

Sequential Circuits 
wkql%ñl mßm: 
 

Sequential circuits, on the other hand, are 

digital circuits where the output depends 

on both the current input and the history of 

past inputs. 
wkql%ñl mßm: hkq m%;sodkh j;auka wdodkh 
iy w;S; wdodk j, b;sydih hk folu u; 
r|d mj;sk ixLHdxl mßm: fõ' 
 

These circuits have memory elements, 

typically flip-flops or latches, that store 

information about previous states. 
fuu mßm:j, u;l uQ,djhj we;" 
idudkHfhka ms<s fmd< fyda latches fmr 
;;ajhka ms<sn| f;dr;=re .nvd lrhs' 
 

Sequential circuits are essential for tasks 

like counting, storing data, and executing 

instructions in a specific sequence. 
.Kkh lsÍu" o;a; .nvd lsÍu iy ksYaÑ; 
wkqms<sfj,lg Wmfoia l%shd;aul lsÍu jeks 
ld¾hhka i|yd wkql%ñl mßm: w;HjYH fõ' 
 

Feature Combinational Circuits 
ixhqla; mßm: 

Sequential Circuits 
wkql%ñl mßm: 

Output Dependency 
m%;sodk hemSu 

Only current inputs 
j;auka wdodk mu‚ 

Current inputs + past states 
j;auka wdodk ^¬& fmr ;;ajhka 

Memory 
u;lh 

No memory 
u;lhla ke; 

Has memory 
u;lhla we; 

Examples 
WodyrK 

Logic gates, adders 
;d¾lsl oajdr" wdl,l 

Counters, registers 
.Kl" frðia;r 

Complexity 
ixlS¾K;dj 

Simpler, faster 
ir,hs" fõ.j;a fõ 

More complex 
jvd;a ixlS¾K fõ 

Application 
Ndú; 

Arithmetic and logic operations 
wxl .‚;uh iy ;d¾lsl fufyhqï 

Data storage, sequencing 
o;a; .nvd lsÍu"  

Clock Signal 
>áld ix{dj 

Not required 
wjYH fkdfõ 

Required 
wjYHhs 

  

ictfromabc.com



64 

Feedback loops 
m%;sfmdaIK Æm 
 
A feedback loop is a process where a logic 

gate's output is fed back into its input, 

affecting future behavior. 
m%;sfmdaIK Æmhla hkq ;d¾lsl oajdrhl 
wkd.; yeisÍï j,g n,mdk wdldrfhka tys 
m%;sodkh tys wdodkhg kej; ,nd §fï 
l%shdj,shls' 
 
To better understand a feedback loops, let’s 

use a real world scenario where a thief tries 

to break into a house. 
m%;sfmdaIK Æmhla jvd fyd¢ka f;areï 
.ekSug" fidfrl= ksjilg we;=¿ ùug 
W;aidy lrk ienE wjia:djla fhdod .ksuq' 
 
1. When the thief tries to open the door, an 

alarm should be triggered. Let’s assume we 

have an OR gate set up for triggering the 

alarm with two inputs; A and B. 
fidrd fodr újD; lsÍug W;aidy lrk úg" 
wk;=re weÕùfï k,djla l%shd;aul l< 
hq;=h' wk;=re weÕùu l%shd;aul lsÍu i|yd 
A iy B f,iska wdodk folla iys; OR 
oajdrhla ilid we;ehs is;uq' 
 

 

 

 
 
 

When the thief triggers one of the inputs, 

the alarm turns on. 
fidrd úiska tla wdodkhla l%shd;aul l< úg" 
wk;=re weÕùu l%shd;aul fõ' 
 

 

 

 

 

 

 

The problem here is, when the thief turns 

off the trigger, the alarm also turns off. 

fuys we;s .eg¿j jkafka fidrd úiska trigger 
tl l%shd úrys; l< úg" wk;=re weÕùu o 
l%shd úrys; ùuhs' 
 
 
 

 

 

 

 

 
 

To make our circuit memorize that the thief 

triggered the alarm, we can use a feedback 

loop. 
fidrd wk;=re weÕùu l%shd;aul l< nj 
wmf.a mßm:hg u;l ;nd .ekSu ioyd" 
m%;sfmdaIK Æmhla Ndú;d l< yelsh' 
 

 

 

 

 

 

 
 

Now, when the thief triggers the alarm, the 

circuit is going to remember that. 
oeka" fidrd wk;=re weÕùu l%shd;aul l< 
úg" mßm:h th u;l ;nd .kS' 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

But if we wanted to stop the alarm at one 

point, there’s no option for us to do that. 
kuq;a wmg tla wjia:djl§ wk;=re weÕùu 
keje;aùug wjYH jqjfyd;a" th isÿ lsÍug 
lsisÿ úl,amhla fkdue;' 
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Flip Flops  
ms<s fmd< 
 
Flip-flops are sequential circuits built using 

logic gates that store one bit of data. 
ms<s-fmd< hkq o;a; ìgq tlla .nvd lrk 
;d¾lsl oajdr Ndú;fhka f.dvk.d we;s 
wkql%ñl mßm: fõ' 
 

They act as basic memory elements, storing 

state until an input signal changes it, 

fundamental in Random-Access Memory 

(RAM) and storage applications. 
tAjd uQ,sl u;l uQ,dx. f,i l%shd lrk w;r 
wdodk ix{djlska tys ;;a;ajh fjkia lrk 
f;la th .nvd lr ;nd .kS' iiïNdù-m%fõY 
u;lh (RAM) iy .nvd fhÿïj, uQ,sl fõ' 
 

This is an extended version of a feedback 

loop. 
fuh m%;sfmdaIK Æmhl È.= l< wjia;djls 
 
To reset a triggered feedback loop, a Reset 

input is added to force the output back to 

zero. 
ù we;s m%;sfmdaIK Æmhla kej; ieliSug" 
m%;sodkh kej; 0g ilia lsÍu i|yd  
wdodkhla tl;= lrkq ,efí' 
 

 

Creating a simple SR latch 

ir, SR mßm:hla ks¾udKh lsÍu  
 

Let's modify the feedback loop a step more 

to get an SR latch 

SR ,EÉ tlla ,nd .ekSug m%;sfmdaIK mqvqj 
;j;a mshjrla fjkia lruq 
 
 

 

 

 

 

 

 

Initially, both inputs and the output are 0. 
uq,§ wdodk folu iy m%;sodkh 0 fõ' 

Instance 1 (Set) 

When you turn the Set input to 1 OR gate will 

output 1  

Tn Set wdodkh 1 g yrjk úg OR oajdrh 1 
m%;sodkh lrhs 
 

As the RESET is still 0, the NOT gate will also 

output 1. 

RESET ;ju;a 0 neúka" NOT oajdrh o 1 
m%;sodkh lrhs 
 

This will make the AND gate output 1. So the 

final Q output is now 1. 

fuh AND oajdrfha m%;sodkh 1 njg m;a lrhs 
tneúka wjidk Q m%;sodkh oeka 1 fõ 
 

Instance 2 (Memory) 

When you turn the Set input back to 0 again, 

as we use a feedback loop here, the OR gate 

will still output 1. 

Tn Set wdodkh kej; 0 fj; yrjk úg,  fuys 
m%;sfmdaIK Æmhla Ndú;d lrk ksid,  OR 
oajdrh ;ju;a 1 m%;sodkh lrhs 
 

So, the final “Q” output will not get affected 

and remain 1 

tneúka" wjidk “Q” m%;sodkhg n,mEula ke;s 
w;r th 1 f,iu mj;skq we; 
 
This is a memory state 
fuh u;l ;;a;ajhls 
 

Instance 3 (Reset) 

Now, when you turn the Reset to 1 

NOT gate will output 0 

oeka" Tn Reset wdodkh 1 g yrjk úg NOT 
oajdrh 0 m%;sodkh lrhs 
 
So, final output turns 0, as the AND gate 

outputs 0, 

tneúka" AND oajdrfha m%;sodkh 0 ksid wjika 
m%;sodkh 0 njg m;a fõ 
 

Instance 4 (Memory) 

When you turn the RESET input back to 0, the 

final output doesn’t get affected and remain 

0 since the OR gate still outputs 0. 

Tn RESET wdodkh kej; 0 fj; yrjk úg OR 
oajdrh úiska ;ju;a 0 m%;sodkh lrk neúka 
wjidk m%;sodkhg n,mEula fkdù th 0 f,i 
u mj;S 
 

This is also another memory state 
fuho ;j;a u;l ;;a;ajhls  

SET = 0 

RESET = 0 

Q = 0 
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Universal Flip Flops 

 

As manufacturers can’t make specific 

circuits for each and every situation they 

make use of the idea of universal circuits. 
ksIamdolhskag iEu wjia:djlu ksYaÑ; 
mßm: iEÈh fkdyels neúka Tjqka úiska 
id¾j;% oajdr ixl,amh Ndú;d lrhs' 
 

Here, the SR-Latch is made using universal 

gates so that it can be used anywhere. 

fuys§ SR-Latch tl ´kEu ;ekl Ndú;d l< 
yels mßÈ idrj;a;% oajdr u.ska idod we;' 
 

Some circuits may need the opposite 

(inverse) of the output to for several use 

cases. 
iuyr mßm: i|yd Ndú; wjia:d lsysmhla 
fjkqfjka m%;sodkfha m%;súreoaO h ^m%;sf,dau& 
wjYH úh yelsh' 
 

To achieve this, there’s both an output 

terminal and an inverse of the output 

terminal in an SR latch. 
fuh idlaId;a lr .ekSu i|yd" ^SR& tll 
m%;sodk m%;sodk m¾hka;hl=;a" m%;sodkfha 
m%;sf,dauh iys; m¾hka;hl=;a hk folu 
we;' 
 

If Q is the output there’s also a Q̅ output 

too. 

Q hkq m%;sodkh kï Q̅  hkqfjka m%;sodkhlao 
mj;S' 
 

This can be easily achieved when using 

universal logic gates. 
idrj;a;% oajdr Ndú;d lrk úg fuh 
myiqfjka idlaId;a lr.; yelsh' 

SR-Latch using NOR gates 

 

 

 

 

 

 

 

 

 

 

 

 

 

SR-Latch using NAND gates 

 

 

 

 

 

 

 

 

 

 

  

SET 

RESET 

Q 

Q̅ 

Q̅ 

Q SET 

RESET 
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4 States of a NOR SR-Latch  

There are 4 main stages here, lets analyse 

them using the anti-theft alarm concept. 

fuys m%Odk wÈhr 4la we;" anti-theft alarm 
ixl,amh Ndú;fhka tAjd úYaf,aIKh lruq' 
 

First let’s revise the truth table of a 2 input 

NOR gate 

uq,skau wdodk 2fla NOR oajdrhl i;H;d 
j.=j foi kej; n,uq' 
 

ICN A B F 

1 0 0 1 

2 0 1 0 

3 1 0 0 

4 1 1 0 

 

Here the output is 0 even if any input is 1. 
fuys§ ´kEu wdodkhla 1la jqjo m%;sodkh 0 
fõ' 
 

Instance 1 (We’re sleeping) 

 

Initially the inputs (Set and Reset) of the 

circuit are both turned to 0 and the output 

(Q) is also 0, here we also have the inverse 

of the output terminal (Q̅) so it should be 

turned to . 

uq,§ mßm:fha wdodk jk Set iy Reset folu 
0 g yrjk w;r (Q)  m%;sodkh o 0 fõ" fuys 
wmg m%;sodk w.%fha (Q̅) m%;sf,dauh o we;s 
neúka th 1. fj; yerúh hq;=h' 
 
First we set the circuit as below. 
uq,skau wms mßm:h my; mßÈ ilia lruq 
 
 

 

 

 

 

 

 

Instance 2 (Thief Breaks-In) 

 

Now the thief opens the car door. Assume 

that there is a door sensor as the SET input 

which will turn to 1 when the door is 

opened. 
oeka fidrd fudag¾ r:fha tfla fodr újD; 
lrkq ,nhs' SET wdodkh f,i fodfrys iú lr 
we;s ixfõolhla we;s nj Wml,amkh 
lrkak" th fodr újD; l< úg 1 g yefrkq 
we;' 
 

• When the thief opens the door, this will 

make the SET input to 1. 

fidrd fodr újD; l< úg tu.ska SET 
wdodkh 1 g ilia lrkq ,nhs' 
 

• In a NOR gate, even if one input is 1, the 

output will be 0, so this will make Q̅ turn 

to 0. 

NOR oajdrhl tla wdodkhla 1 jqjo 
m%;sodkh 0 jkq we;" tneúka fuh Q̅ 
m%;sodkh fj; yrjkq we;' 
 

• This 0 will be fed to the other NOR gate. 

fuu 0 wfkla NOR oajdrhg m%;sfmdaIKh 
lrkq ,efí' 
 

• Now both the inputs of the 2nd NOR 

gate is 0 it will make the Q output flip 

to 1 

oeka 2 jk NOR oajdrfhys wdodk folu 
0 fõ' th Q m%;sodkh 1 g yrjkq ,nhs' 
 

 

 

 

 

 

 

 

 

 

 

This will trigger the alarm as the Q output 

is now 1. 

Q m%;sodkh oeka 1 jk neúka fuh wk;=re 
weÕùu wdrïN lrhs  

SET 

RESET 

Q 

Q̅ 
0 

0 

0 

1 
0 

1 

 0 
SET 

RESET 

Q 

Q̅ 1 

1 0 

0 

0 
0 

1 

1 
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Instance 3 (Thief panics) 

 

Thief will now try to turn off the alarm by 

closing the door back but will not be 

successful as this circuit keeps memory. 
fidrd oeka fodr wdmiq jid wk;=re weÕùu 
kj;d oeóug W;aidy lrkq we;" kuq;a fuu 
mßm:h u;lh ;nd .kakd neúka th id¾:l 
fkdjkq we;' 
 

 

 

 

 

 

 

 

 

 

 

 

Even though the door is closed, alarm will 

not turn off as the previous output is fed 

back to the input of the 1st NOR gate. 
fodr jid ;snqk;a" fmr m%;sodkh jk m<uq 
jk NOR oajdrhg kej; ,nd fok neúka 
t,dï tl l%shd úrys; fkdfõ'

Instance 4 (Thief Busted) 

 

Now we come in, deal with the thief and 

turn off the alarm using the car key, here 

the car key is the RESET input 
oeka wm fidrd w,a,df.k h;=r Ndú;fhka 
wk;=re weÕùu kj;d oukq ,nhs' fuys h;=r 
RESET wdodkh fõ 
 

• We make the RESET input 1 using the 

car key 

wm h;=r Ndú;fhka RESET wdodkh 1 
lrkafkuq 
 

• Even when a single input is 1, the 

output Q will turn to 0 

;ks wdodkhla 1 jk úg mjd Q m%;sodkh 
0 fj; yefra 

 

• This 0 will be fed to the other input of 

the 1st NOR gate 

fuu 0 m,uq jk NOR oajdrfhys wfkla 
wdodkhg m%;s fmdaIKh lrhs' 
 

• Now as both the inputs are 0 the output 

Q̅ will turn to 1 

oeka wdodk folu 0 jk neúka Q̅ m%;sodkh 
1 fj; yefrkq we; 

 

 

 

 

 

 

 

 

 

 

 

 

 

The alarm will turn off as the Q output is 

now 0. 

Q m%;sodkh 0 jk neúka wk;=re weÕùu l%shd 
úrys; fõ 
  

 0 
SET 

RESET 

Q 

Q̅ 1 

0 

0 

0 
1 

1 

 0 
SET 

RESET 

Q 

Q̅  

1 0 

0 

0 
0 

1 

1 

0 1 
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4 States of a NAND SR-Latch 

NAND SR mßm:hl wjia:d ^4& 
 

Here the functioning is completely the 

opposite to that of a NOR SR-Latch 

fuys l%shdldÍ;ajh NOR SR mßm:hlg 
iïmQ¾Kfhkau m%;súreoaO fõ 
 

First let’s revise the truth table of a 2 input 

NAND gate 

uq,skau wdodk 2fla NAND oajdrhl i;H;d 
j.=j foi kej; n,uq' 
 

ICN A B F 

1 0 0 1 

2 0 1 1 

3 1 0 1 

4 1 1 0 

 

Here, the output is 1 even if any input is 0. 
fuys§ ´kEu wdodkhla 0 jqjo m%;sodkh 1 fõ' 
 

Instance 1 

 

In the initial state both the inputs are set 

to 1 and the Q output is turned to 0 
wdrïNl ;;ajfha§ wdodk folu 1 f,i 
ilid we;s w;r Q m%;sodkh 0 fj; yefra 
 

 

 

 

 

 

 

 

 

 

Instance 2 

 

Now the SET input is turned to 0. 

oeka SET wdodkh 0 fj; yeÍ we;' 
 

• Even a single input is 0 output Q will 

turn to 1 

tla wdodkhla fyda 0 jqjo Q m%;sodkh 1 
fj; yefra 
 

• This will be fed as an input to the other 

NAND gate 

fuh wfkla NAND oajdrhg wdodkhla 
f,i m%;sfmdaIKh lrkq ,efí' 
 

• When both inputs are 1 the output Q̅ 

will turn to 0 

wdodk folu 1 jk úg Q̅ m%;sodkh 0 fj; 
yefra 

 

 

 

 

 

 

 

 

 

 

  

Q̅ 

Q SET 

RESET 

1 

1 

1 

0 

1 

0 

Q̅ 

Q SET 

RESET 

1 

1 

1 

0 

1 

0 

0 

1 

1 
0 

0 
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Instance 3 

 

When the laser beam disconnects for a 

small amount of time and reconnects again 

the alarm should still sound.  
f,ai¾ loïNh iq¿ fõ,djla úikaê ù kej; 
iïnkaO jQ úg wk;=re weÕùu ;ju;a kdo 
úh hq;=h' 
 

Now, even though the beam is 

reconnected, alarm will not turn off as the 

previous output is fed back to the input of 

the 1st NAND gate 
oeka loïNh kej; iïnkaO l<o" t,duh 
l%shd úrys; fkdfõ" thg fya;=j jkafka fmr 
m%;sodkh m,uq jk NAND oajdrfha wdodkh 
fj; kej; ,nd fok neúks' 
 

 

 

 

 

 

 

 

 

 

 

 

Instance 4 

 

Now, the RESET input is turned to 0 to turn 

off the alarm 

oeka t,dï tl l%shd úrys; lsÍu i|yd RESET 
wdodkh 0 fj; yrjkq ,nhs' 
 

 

 

 

 

 

 

 

 

 

 

Truth Table for a NOR SR-Latch 

 

S R Q Q̅ Description 

0 0 0 1 Initial State 

1 0 1 0 
Alarm trigger 

state 

0 0 1 0 Memory state 

0 1 0 1 Alarm off state 

0 0 0 1 
Memory/initial 

state 

1 1 - - Not defined 

 

 

  

Truth Table for a NAND SR-Latch 

 

S R Q Q̅ Description 

1 1 0 1 Initial State 

0 1 1 0 
Alarm trigger 

state 

1 1 1 0 Memory state 

1 0 0 1 Alarm off state 

1 1 0 1 
Memory/initial 

state 

0 0 - - Not defined 

 

 

  

Q̅ 

Q SET 

RESET 

1 

1 

0 

1 

1 
0 

0 

Q̅ 

Q SET 

RESET 

1 

0 

1 

0 

1 

1 

0 

0 
1 

1 

0 
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Data Latch using basic logic gates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Latch using NAND gates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A Collection of Data Latches 
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What are Integrated Circuits (ICs)? 

ix.Dys; mßm: (ICs) hkq l=ulao@ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An Integrated Circuit (IC) is a compact 

semiconductor chip that contains multiple 

electronic components like transistors, 

resistors, and capacitors, designed to 

perform specific functions in electronic 

devices. 

ixhqla; mßm:hla (IC) hkq bf,lafg%dksl 
Wmdx.j, ksYaÑ; ld¾hhka bgq lsÍu i|yd 
ks¾udKh lr we;s g%dkaisiagr" m%;sfrdaOl iy 
Odß;%l jeks nyq bf,lafg%dksl ixrpl wvx.= 
ixhqla; w¾O ikakdhl Ñmhls' 
 

These components are interconnected to 

execute specific tasks such as amplification, 

computation, signal processing, and 

memory storage. 
úia;drKh" .Kkh lsÍu" ix{d ieliSu iy 
u;l .nvd lsÍu jeks ksYaÑ; ld¾hhka bgq 
lsÍu i|yd fuu ixrpl wka;¾ iïnkaê; 
fõ' 
 

ICs have revolutionized the electronics 

industry by enabling the creation of small, 

efficient, and complex devices, ranging 

from simple logic gates to advanced 

microprocessors. 
ir, ;d¾lsl oajdrj, isg ÈhqKq 
uhsfl%dfm%dfiir olajd l=vd" ld¾hlaIu yd 
ixlS¾K Wmdx. ks¾udKh lsÍug ICs 
bf,lafg%dksl l¾udka;fha úma,ùh fjkila 
isÿ lr we;' 
 

4000 Series ICs (CMOS Logic Family) 

 

The 4000 series ICs are based on CMOS 

(Complementary Metal-Oxide-

Semiconductor) technology, known for 

their low power consumption and high 

noise immunity. 

4000 series ICs " CMOS (Complementary 

Metal-Oxide-Semiconductor) ;dlaIKh u; 
mokï ù we;s w;r" tAjdfha wvq n, 
mßfNdackh iy by< Yío m%;sYla;sh i|yd 
m%isoaOh' 
 

These ICs typically operate within a wide 

voltage range of 3V to 15V, making them 

highly versatile for various applications. 

fuu IC idudkHfhka 3V isg 15V olajd mq¿,a 
fjda,aàh;d mrdihla ;=< l%shd;aul jk w;r" 
tAjd úúO fhÿï i|yd b;d nyqld¾h fõ' 
 

Although they are slower than their TTL 

counterparts, with propagation delays 

usually in the tens of nanoseconds, their 

energy efficiency makes them ideal for 

battery-powered and portable devices. 

tAjd TTL g jvd ukao.dó jqjo" idudkHfhka 
kefkda ;;amr oi .Kkl m%pdrK m%udohka 
iuÕ" tAjdfha n,Yla;s ld¾hlaIu;dj negß 
n,fhka l%shd;aul jk iy wf;a f.k hd 
yels Wmdx. i|yd jvd;a iqÿiq fõ' 
 

Examples of 4000 series ICs include the 

CD4001, a quad 2-input NOR gate, and the 

CD4011, a quad 2-input NAND gate. These 

ICs are particularly favored in applications 

where conserving power is a priority. 

4000 series ICs i|yd WodyrK f,i 
CD4001, a quad 2-input NOR gate, iy 
CD4011, a quad 2-input NAND gate 
we;=<;a fõ' n,h ixrlaIKh m%uqL;djhla 
jk fhÿïj, fuu ICs úfYaIfhka m%sh lrhs' 
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7400 Series ICs (TTL Logic Family) 

 

The 7400 series ICs utilize TTL (Transistor-

Transistor Logic) technology and are 

recognized for their high-speed 

performance. 

7400 series ICs " TTL (Transistor-Transistor 

Logic) ;dËKh Ndú;d lrk w;r tAjdfha 
wêfõ.S l%shdldß;ajh i|yd ms<s.efka' 
 

Operating typically at a fixed 5V, these ICs 

feature low propagation delays, often just a 

few nanoseconds, making them suitable for 

high-speed digital circuits. 

idudkHfhka ia:djr 5V § l%shd;aul jk fuu 
ICs fndfyda úg kefkda ;;amr lsysmhla 
muKla jk wvq m%pdrK m%udohka olajhs" tAjd 
wêfõ.S äðg,a mßm: i|yd iqÿiq fõ' 
 

However, this speed comes at the cost of 

higher power consumption and lower noise 

immunity compared to CMOS ICs. 

flfia fj;;a" fuu fõ.h CMOS IC j,g 
idfmalaIj by< n,Yla;s mßfNdackhla iy 
wvq Yío m%;sYla;shla iu. meñfka' 
 

The 7400 series is widely used in computers 

and other high-speed applications where 

performance is critical. 
7400 fY%a‚h mß.Klj, iy ld¾h idOkh 
b;d jeo.;a jk wfkl=;a wêfõ.S fhÿïj, 
nyq,j Ndú;d fõ' 
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4000 Series ICs (CMOS Logic Family) 
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7400 Series ICs (TTL Logic Family) 
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