COMBINATIONAL LOGIC CIRCUITS
ADDER - HALF ADDER AND FULL ADDER

1. Half Adder :

A Half Adder is a combinational circuit that adds two single-bit binary numbers

and produces a Sum and Carrﬂ ou.tpu.t.
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| o The Sum output is obtained using XOR So.te.
|

I o The Carry output is obtained using AND gate.

2. Full Adder :

A Full Adder is a combinational circuit that adds three single-bi’c binarH numbers

and produces a Sum and Carry output.
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Boolean Expressions : N e o A o s g ke . ‘

' Sum (S) = A® B @ Cin :
I:CO.I’I‘H (C)= A-B + Cin-(A@B)i

® The Sum ou,tpui: is obtained using two XOR ga.tes.
e The Carry output is obtained using two AND gates
and one OR gate.
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COMBINATIONAL LOGIC CIRCUITS
REALIZATION OF FULL ADDER USING 2 HALF ADDER

1. Concept :

A full adder can be implemented using two half adders and one OR gate.
The two half adders are used to add the three input bits (A, B and Cin) in two stages.
The carry outputs of both half adders are combined using an OR gate to get the final carry.
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Logic Circuit : Truth Table :
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— Carry = A-B

(Half Adder (for reference) :
|
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A Holf |——Sum=A®8B | i Output Expressions : i
B i Sum = A® B @ Cin |
f : Carrg = (A. B) + (Cin- (AGB B)) :
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| () First Half Adder :
] « A and B are added in the first half adder.
* Outputs: Suml =A&®& B, C(C1=A-B
Second Half Adder :
+ Sumi and Cin are added in the second half adder.
+ Outputs: Sum = Suml @ Cin = A® B ©Cin
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: @ Final Carry : :
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* The carry outputs C1 and C2 are combined using an OR gate.
» Carry = C1 + C2 = (A-B) + (Cin- (A® B))

Result :
+ Using two half adders and one OR gate, we get a full adder.

+ Sum and Carry are generated correctly for all input combinations.
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COMBINATIONAL LOGIC CIRCUITS

SUBTRACTOR - HALF SUBTRACTOR AND FULL SUBTRACTOR
1. Half Subtractor :

A Half Subtractor is a combinational circuit that subtracts two single-bit binary numbers
and produces a Difference and a Borrow output
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| ® Difference (D) is obtained using XOR gate. :
' o Borrow (B) is obtained using AND gate with A and B. E

2. Full Subtractor :

A Full Subtractor is a combinational circuit that subtracts two sinsle-bit binnrg numbers

and takes a borrow input. It produces a Difference and a Borrow output.

I Logl.c Circuit : Truth Table :

i i
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| B e Difference (D): A 0 & | 6 | @ —:
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' Boolean Expressions | i i i - i |
| ; : 18V 1 1 !
+ D= A®B®Bin | A B S AT B
i Bout = A-B + A-Bin + B-Bin AN ot i et e 1

] ey Points :

! I
‘ Note: T 11 @ Half Subtractor : 2 inputs (A, B) i
| 11
| o Difference (D) is obtained using 2 XOR gates. : [ = Outputs : D, B E
| e Borrow (Bout) is obtained using 3 AND gates, 1 OR gate : PR = Full Subtractor : 3 inputs (A, B, Bin) |
| o
| |y :

and one NOT gate. = Outputs : D, Bout
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COMBINATIONAL LOGIC CIRCUITS

A FULL SUBTRACTOR USING 2 HALF SUBTRACTOR

S SO 2 (Ll o o1, J—— w

A full subtractor can be implemented using :
two half subtractors and one OR gate.

Ae— Half Half

|

|

| |

The two half subtractors are cascaded and 1 B e Subtractor Subtractor i

their borrow outputs are combined using an : 1 :

OR gate to get the final borrow output. ! B1 B2 |

|

D ! |

' 3. Truth Table : ] : —D__Bout i

| |

| A | B | Bin DO GSOE N\ T )
S O I | e e e e e e e e

JE PR 0 0 |!1 4. Boolean Expressions : ‘1

IR 1 1 | = ——— |

TS . Difference (D) : !
3 : |

IERENETE D= A®DB @ Bin :

(R IEAoN - i

i SN 0 0 i | | Borrow (Bout) : ]

Teia 05 G O !t _|}1] Bout= A-B+ A-Bin+B-Bin ||

1 1 1 1 1 - &

e 1 = (A-B) + (A-Bin) + (B-Bin)

] - == |

0 o Lo i R N :
' 5. Ste ep Working : s

: Lo ) ' 6. Final Output : :

| @ First Half Subtractor (A, B) : | ,

® Difference ' D1I=ADB : Difference (D) == A e B ® Bin :

* Borrow: Bl1=A-B | | Borrow (Bout) = (A-B) + (A-Bin) :

| . B} |

@ Second Half Subtractor (D1, Bin) : IL G ERE) JI

e Borrow: B2 = D1-Bin + D1-Bin

l
|
Uses 2 Half Subtractors + 1 OR gate. :
First HS gives D1 and B1. :
l
|
|
|

(7
@ Final Borrow (OR gate) : O
@ Second HS gives final D and B2.
7]

|
|
|
|
|
|
|
I
I
¢ Difference : D = D1 ® Bin = A(BB&)Bin} 5
I
|
|
|
|
Bout = B1 + B2 = (A-B) + (A - Bin) + (B-Bin) |
|
|

M e e e e e e e e o e o —
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MULTIPLEXER (MUX) - TYPES, WORKING AND USES

1. Definition :

A Multiplexer (MUX) is a combinational
logic circuit that selects one of the many

input signals and forwards it to a single
output line, based on the select lines.

It is also called a data selector.

Key Points
o It has 2" input lines and 1 output line.
o It requires n select lines.

o Only one input is selected at a time.

o The output is the same as the selected input.

2. Types of Multiplexer :

Multiplexers are available in different sizes based on

the number of input lines. Common types are:
® 2:1 Multiplexer (1 select line, 2 inputs)
® 4:1 Multiplexer (2 select lines, 4 inputs)
e 8:1 Multiplexer (3 select lines, 8 inputs)
o 16:1 Multiplexer (4 select lines, 16 inputs)

3. Working :

@ The select lines (S) decide which input line
will be connected to the output.

@ When the select lines have a particular value,
the corresponding input is passed to the output.

@ All other inputs are ignored.

R e e e e
|
|

4. Boolean Expression :

For 4: 1 MUX, the output can be written as :

where, S; and S, are the select lines.

|
|
I
: Y = I0‘§1‘50 5 g I‘l'Sj'So"‘I2°S1'§0+I3-Sl'so
I
I
|
|

| Types (with Diagram) :

—_—— o —_—

So
(Select lines)

—= T —

2:1 MUX

| 4:1 MUX
I —

Ij —»

I, —»

I3 —»

—_—— e e ——— e = = — = = —

e e e e e e

Data selection in digital systems.
Memory address decoding.

Implementing functions in computers
and microprocessor systems.

Used in ALU, registers, and buses.
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Combinationad
2:1 MUX - Operation, Tauth Table and Circuit diagram

* Introduction % Truth Table

A Multiplexex (MUX) is a combinational Select () | I, T, Output (¥)
civcuit that selects one of the 0 0 0 0
many input lines and forwaxds it 0 0 1 0

to a single output line based on 0 1 0 1
the select input. o 1 1 1
A 2:1 MUX has two data inputs i g 0 0
(Io,T1), one select input (S) and 1 ¢ 1 1
one outout (Y). : . 0 g

k ol 1 1 1 1

When S=0, Y

* Opexation
i i R When S=1, Y

I n
H H
= O

s 2

o I{ Select input (8)=0,

then Ip is selected and * Cixcuit Diag'ram
appeaxs at ou.fpu.{: Y.

o I{ Select input (s)=1, I *
then I, is selected and

appears at output Y. |
______________ : Ii ? » Y
Boolean Expression: :

AND

|
= l
Y=SIO+SLJ | 5 AND
| S — &
TNrE B W e . S W N S J
Wheve, NOT GATE
S = Complement of S
I, = Input O
I; = Input 1
Y = Output

* Ky P

e A 2:1 MUX selects one of the two inputs and forwards i to the output.

o It is a basic building block fox laxgex multiplexexs (4:1, 8:1 etc.).

It is widely used in dota xouting, dota selection and digital system design.
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4:1 MUX - Ope'ro.ﬁon, Txuth Table and Circuit dio.s-ram, Gomtindflooel

2 Loa\l'.c. Circuits
% Introduction % Txuth Table
A Multiplexex (MUX) is a combinational | Select Inputs Data Inputs Output
circuit that selects one of the many S 186 | 25 | 3o | s | 25 (Y)
input lines and forwards it to a single 0 0 I I I I T
0 1 2 3 0
output line based on the select inputs.
0 i Tg | Ty | &5 | Ts I,
A 4:1 MUX has four data inputs 1 0 s | Ty [ 5 | Iy Is
(Io ’ Ii ’ I:la IS): two select i'nPu'ts 1 4. IO I:l IQ_ I3 I3
(54,S,) and one output (Y).
¥
’ o When S, 8, =00 — Y =1,
* OEe.:co.Jl:ion When Sy S =01 — Y =1,
o If 5.So=00, then Io is selected Witk Wawe R = TRl
and appears at output Y. | Whis SR WL S 1A 8 )
o I{ 5,5, =01, then I; is selected %* Cixcuit Dia.g'ro.m
and appears ot output Y. I
)
o If 5,8, =10, then I, is selected R
and appears at output Y. 5
1
o I{ 5,5, =11, then I, is selected AND
and appears at output Y.

I,
ot e e s AND Y
Boolean Exp‘re.sswn s - .

AND

sl B T, + 5 80

-
n
9]
RS
wl
o
H
o
+
g
w
o
—
(29
H
L]

e s S - S i S . - . S| A

Where -
g : Si e >o 54
82785 = Select inputs
Iu s Ii ’ Iz » I3 = Dﬁtﬁ. ;l‘l.PU..tS so [ % §°
¥ = QOutput

* Key Points

o A 4:1 MUX selects one of the four inputs (I,,I;,TI,,I3) and forwards it to output.
o Tt uses two select lines (Sy,S;) to determine which input is selected.

e It is a basic building block for laxger multiplexers (8:1, 16:1 ete).

It is widely used in data xouting, data selection and digital system design.

For Details Notes, Visit www.polﬂnoteshub.co.fn




Combinational

Losic. Civcuits

8:1 MUX - Operation, Txuth Table and Circuit diagram

% Introduction * Txuth Table

A Mulﬁplexex (MUX) is o combinational Select Inputs Data. Inputs Output
circuit thot selects one of the many 8o f 8y | So [ To (Be | T, [T [ B |35 | 3e] 35| N
input lines and forwoxds it to a single Io |To | I |15 | 14 |Is [Te| 17| I,
output line based on the select inputs. To [Iy [Io|Is |14 |Is |[Te|I7| Ii
To | B |8 P B e | B 2| 3
w5l e [wlwmlEg] &
I3 |14 |1s | e | B | T

An 8:1 MUX has eighf data [nPLd:s
(I - I4), three select inputs (55, 5:.9)
ond. one ou.tpuf (Y).

* OEemﬁon
o B 58,8, 000, ther Ty s scleched

d ot output Y. ' ]
e S Sk When S;5,50 =000 — Y =T, | When $,5,5, =100 — Y =1,
o Tf 5,55 = 001, then Ty is selected

—
gk ogpeieh i BkEE Y When 555550 =001 — Y =TI, | When 5,55, =101 — Y =Ig
—_—

rlerlrlr|lololo|o
=R =N e -
P,k | O | |0 |=|CO

=i

(=]

H

"

(=1

b -]

o If 5,55, =010, then I, is selected When S, 5,5, = 010 Y=1I, | When §;55,=110 — Y =1,
and appears ot output Y. When S,5,5, = 011 Yulsy | When S8:8,s11l = ¥=1;

o If 5,5,5,= 100, then I, is selected L\
O-I"ld. O-PPEG.T-S Gj: ou.‘fpui Y

o T4 5,5,5,=101, then TIg5 is selected

* Circuit DLo.g'mm

and appears at ou‘i:]:tui: ¥ I, AND
o I{ 5,555 = 110, then T is selected % : -
and oppears of output Y. % AND
. I-f 52 Si So " 111, then I—; is selected 12
and appears ot output Y. AND
_____________________ 1
' Boolean Ex ion : | : AND
: n Expression | _‘—\
: = = E = | I OR }—s Y
i Y=95;5 50Io+5;5 51y |1 4 AND
- - 4 |
: +5. 85 5.+8. %80 | | I
l £ = = ' 5 AND
| +52515014+525150I5 :
| s
| B LS et i tkn]l] % AND
. |
W S A, L A Wb W A i IT
Where, : N Iy
S2,84,S = Select inputs B o o \ 5
Lo -1y = Data inputs % & 3
Y = Output % DC _1
5 = Compleme.nf of § So [: So

% Key Points

o An 8:1 MUX selects one of the eight inpuj:s (Io-1;) and -fm-wa.xds it to the output £XY,
It uses three select lines (S;, Sy, So) to determine which I.npu't is selected .

It is o basic building block for loxger multiplexers (16:1,32:1, ... efc.).

It is widely used in dafa xouting, dato. selection and digital system design.
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16:1 MUX - Just Txuth Table and Circuit dio.gmm

Combinational

Logic Civcuits
% Txuth Table % Civcuit Diagram
Select II"I.PLI.‘IZS Data. IHPU.'I:S Ou‘tpu‘t
S5 | Sa|S1|S | To-1is Y Lo D‘—
olo|o]o L. L.
I D_
oo |0 |1 ¥, )
s o O O I, I, 1 D’_T
2
o011 T T
o|1|o]o %, L | % }
o101 I,
JER UL T A
o1 |11 T 8
1000 &5 | T
18|84 579 T
i lefi|o T Ty | Lia D—
SEAEAE g Tia
4 14 |0 |6 I Tia Tu )f
HEEENR Eis o
Lis
RESES N Tt 7P
t
1 1 1 1 I15 Iis I
* When S35,5,5, = n (0sns15),
output Y = I, V
e
Where , S 83 S S
53 ’ 52 ) Sil SO =F SE-I.GC{: inPLI'.'I:S S_ S_ S_ S_
A W = Data inputs ¥ S Te R
Y = Ou’cpu.{:
._
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Design a 4:1 MUX using 2:1 MUX Combinational

Losi.c Circuits

°
% Objective * 4:1 MUX Truth Table
To d‘“"ﬂ“ o 4:1 MLLI.JELPLBXQT using 2:1 S & S, Selected IrLPU.JE Otﬁf.ptﬁf. ()
Mu-[.ﬁplaxers.
0 0 L ¥u 1,
* 4:1 MUX 0 1 I, ¥ Iy
A 4:1 MUX has four data inputs (Io, I,,1,,1,), 1 0 L Y =1
two select lines (51, Sy) and one output Er) 1 1 I, Y= I,

Based on S; and S;, one of the four inputs
LS SELBC{E& Q.n.d mnﬂeﬂtﬂd tﬂ OU.{PU.‘L Y 5

: o When Sy = 0, the upper i1 MUX selects

* Destgn Procedure
——————— between Io and Ii u.si.n.s 50.

1. Use three 2:1 MUXs.

2. US& 50 to SBL&CJE b&twﬂen e.a.-ch. PGJ‘.T' Df anuts

3. Use S, to select between the two intermediate

® When S5, = 1, the lower 2:1 MUX selects
between I, and I; using S, .
® The final 2:1 MUX selects between these two

outputs of step 2. results using S, .
4 . The fin.al oLd:Pui B N R e e L
% Circuit Diagram
B o Y,
(Deb Tnpt 0) 2:1
Ts » MUX
(Data Tnput 1) \ >
954 5 N
g Mux (Output)
%, X g
(Date Tnput 2) 2:1 B
I, > MUX
(Data Input 3)
i
S ! S
0 .
(Select. Line 0) (Select Line 1)

e e e e e

\ [
How it Works L
I ‘ :
1. S, selects the required input from each pair (Io/I, and I,/I,). |1 *3 %21 MUX ore required.
_ || o Select line S, is used by the
2. S, selects the required output from the two intermediate outputs (Y and Yg). L skt MUK,
: | » Select line S, is used by the
| |

last MUX.

3. Thus, the ou.tFui Y will be Iy, I,, I or I d.ePen.d.Ln.s on (51 50}.

For Details Notes, Visit www.po[ano’ceshu.b.co.in




Design an 8:1 MUX using 4:1 MUX Combinational

® Loslc Cireuits

* Objective % 8:1 MUX Truth Table
To design an 8:1 Multiplexer usi
A . & Sy | 5. | S, | ‘Selectsd Topit | Outmt (V)
fou:r 4:1 Mulhpl.exe.rs.
0 o | o I, ¥ -,
s 0 0 1 T ¥ oy
An 8:1 MUX has EJ.HH'. data. r.n.Fu.ts 0 1 0 Ig Y - Iﬂ
R T T T e
: o | 1 1 T T
select lines (52,51,50) and one
ou.fPui: (Y). Based on (52,51,50), 1 0 0 I4 ¥ = L,
one of the eight inputs is selected 1 0 1 Ls Y1
and connected to oubput N 1 1 0 I, ¥l
% Design Procedure 1 1 1 Iy ¥ =1
1. Use fou.'r' Elifllxs.” & o L ERTT R A e e ey
2. Use S, and Sy as the select lines for each How it Works
4:1 MUX.

e 5,5, select one i.n.PuE j'-rom each group of :Fou:r
3. The fLrsf two 4:1 MUXs select between u.s[n.s the Jt'Lrs{'. s La.ljers oi 4:4 MUXe.
Ly~ apd L &1 resPecﬁueLH.

4. Use the outputs of these MUXs as inputs ¥y el Iobam O B gy g e

to the third 4:1 MUX. fmd 4:1 MUX.
5. Use S; as the select line cf the fuwl ________________________________
4:1 MUX to choose between the two
groups .
6. The ouiFui o]t the :fl.n.al MUX is Y.
* CI.TCU..H: Di&s’rﬂ.m
;9 " P Yﬁ T T e e e e e \
> H | |
1 | Surmnu.rﬂ
I, > MUX J ! |
I3 > T T Esd > :Oﬁ(f[rst hﬂer)+i(5econd!
Lo A i e e e e g e R g T e e b layer) = 5 numbers of
(Output) | J I
£ . v o TR - |41 MUXs are wed. |
5 B c | [
I >  4:1 o S4,S0 go to the first tuo |
Le > MUX | Muxs :
I? > : : I
y Y | e § to the final MUX.
51 l 52 : a2 gees f :
Se e e }
L - i ‘—_.—J
Select lines for Select line for
ﬁrst Ln.s-zr MUXs fmf. MUX
Imp[.ermnta.tlon Surrmrs | F&;{; ____________________

This dzsisn can be extended to unpleme.ru‘:
hishe'r order MUXs (46:1, 32:1,...) usi.nﬁ
the same hierarchical approach.
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Design a NAND Gate

Combinational

us'm.g MUX

L &

* Aim:
To implement a 2-input NAND gote using o 4:4 Mull‘iplexsr.

% NAND Gate
FminpisAandB,theou!:puiYofaNAND _c}nte.i.s
Y=A-B

* Design Procedure

. Choose a 4:1 MUX.
. Use the inputs A and B as the select lines.

. Connect the data inputs 3 U T O of the MUX
a.cwrding to the NAND truth table.

. The ou.l:Pui Of the MUX will be the NAND au.tPu.t (.

% MUX Connections

ket S, = A and S5+ B (Select lLinas).
For each combination of A and B, connect the
-:;ar're.spond.ing dota input as per NAND output :

delect Lines |\ Data Tnput | NAND Output Y
A(S,) | B(So) i P

0 0 T, 1

0 1 Ty 1

1 0 T, 1

1 1 T, 0
M — e . A R A L s 1
F Hence, connect: Io=41, I, =1, I,=1, I,=0 :
I I

% Verification (Operation)

The operation of the civcuit is same as NAND truth table.

Lasic Circuits

% Truth Table of NAND Gate

A-B Y=A-

les)

(NAND)

|l | O| >
-~ |lo|l~r|o| &
= O | O | O
O (=~ | = |k

e e e e e R e

Whﬂ 4:4 MUX ?

A 4:14 MUX hos 2 select lines and con
realize any logic function of two variables
by properly connecting its data inputs.

- Y (NAND Output)
MUX -

[

Sy
(A)

»

| Seleck Lines: S, = A, So= B |

i i e e

% Result

—
A NAND snia is successful.lﬂ desi.grl.&d. u.sln.g
o 4:1 Mulﬁplﬂm‘f with the connections:

A B Selected |  MUX N o W IR 0 .
(S4) | (So) | Data Input | Output Y | To=1 Li=1 L=1 IL=0]
0 0 | Ip=1 | Y=g [ This mabches exaclly | | Sa= A, S=3 |
with the NAND | Y (MUX outpt) = A NAND B |
1 Lo=1 | Y=1 | gate tuth table. | _“-—- e :
1 0 I,=1 Y=1 =" #* Noke
1 i I,=0 | Y=0 | By fising the data inputs of o MUX and using |
I P'I'OPF.\' se.lect U.n.e.s, mﬂ LOSLC HC\T.ES can bl!. :
|l i.mPLeme.n{'.e,d. ;i
*— 9
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Combinational

NOR Gate Designi.ng using MUX (Circuit D'Lo.g-ro,m)

Logic Circuits

% Objective % NOR Truth Table

To implement a 2 -input NOR gate
using o 4:1 MUX. A B Y = A+B (NOR)
0 0 i
% NOR Gate
, 0 1 0
NOR gate is
{Y « Xeh } $ < ¥
e Ty
* Implementation using 4:1 MUX | HMUX Dt Snputs |
rissEN i e e | I, =1 (when A=0, B=0) |
1. Use A and B as select lines. | |
: I, = 0 (when A=0, B=1) :
2. Connect the data inputs (X5 = Xs) I M R l
according to the NOR truth table. | |
| T3 =0 (shen A-1,Be8) |
3. The output of the MUX will be e ———————— - J
o g s et R R i A ol R g o |
IR ks . | So, connect: Tg=1, I, =0, I, =0, ;=0 !
N S T e i TP |
% Circuit D'm.gmm
I, ; >
I, 0 > b
. —> Y (NOR Output)
I, 3 MUX
I 0 N B P
3 A : Select Lines |
|
- |
. e
So = B '
51 SO l ______ B T J
A B
(Select)  (Select)
O i e e e e e e N PR R N e \
:l ExElan.o.{‘iorL i i Ve.rl.fl,c.aiwn (Ope.miwn) I
J!-MselactlinesAmded.etemdnewhichdatain?utliNhenA=O,B=O—>SiSo-OO—>Y-IQ-i:
| |
: (Io to Iy) is selected by the MUX. i : When A =0, B=1 — §,5, =01 =»Y=1,=0 I
i-ThaMUXcu{:Fufoecoms A+B,whichi.s£he::thA=1,B=O—'5150=1O—>Y=I==OI
i output of o NOR gate. | | When A=4,B=4 — 5,5 -14 > Y-T,-0 |
1

BH Pfope.ri}j conn.e.ctins the data inPuts of a 4:1 MUX and u.slna A and B as
a NOR scd:e can be ea..sd.g melzm.enie,d.
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Demultiplexer — Types, Working, and Uses

&
L 4

Combinational

Loch Circuits

%* Introduction

A Demulﬁplexex (DEMUX) is a combinational
circuit that takes one data Enput and forwards

-

* THEeS of Demultiplexer
De,mul.ﬁpl.e,xe:rs are cta.ssif[e,d. bﬂ the number
of output lines.

‘l:hen. Y2 = i O.l"Ld. Yo = Yi YS

it to one of the many output lines based on Type Select Inputs | Output Lines |  Notation
the select inputs. In other words, it performs (n) (2%
the reverse operation of a multiplexer. 1 %o 2 DEMUX 1 2 432 DEMIX
r . |twaDdemx| 2 4 | 4:4 DEMUX
A DEMUX has one data input (D), n select 1 %o 8 DEMUX 3 8 1:8 DEMUX
inputs (Sp-y .- So) and 2" output lines 1t 16 DEMUX| 4 16 |1:16 DEMUX
(Yo ... Yu-1). Only one output line is 1to32DEMUX| 5 32 |1:32 DEMUX
active ot o time.
; L 1:4 DEMUX
% Working (General Concept) % Block Diagram ( )
peliiuc sl B adrigiinaieenin! o 4 v
o The dota input D is applied to the #
demultipl - N3 > T
Gl LR (Data In) DEMUX 5 Y Outputs
o The select inputs (Sp-y ... So) select o
! T
one output line. T T
* The selected output line becomes equal S¢ S
iy (Select Tnputs)
* All other output lines vemain 0. % Truth Table (1:4 DEMUX)
General ExPTession: Select Inputs ﬁf& Outputs
Voo Dy b {Shg o 85) = Sy So h | Yo | ¥ | Ya | Y5
(0<m=<2"-1) 0 0 Do | & (| @
All other outpu‘:s =0 0 1 D 0 D 0 0
__________________________ o
| Example (1:4 DEMUX) | E L8 ] R I949 2
| I D=1and$S, : s ¥ e el e D
|
|

|
[
=10, |
|
|
l

L

Assume D = 1, then only one output = 1

based on select lnpu'l:s.

*

D

Uses / Applications

Data distribution :
muH:i.ple destinations.

Serial to Pa.muel conversion .

Rou.ﬁna one dota input to

Memorld c}lip selection .
Communication systems.
Used in microprocessor and Pevlphexcl inte.-rfacinﬁ.

In simple words, DEMUX tfakes one input and
sends it to the selected Outpui line..

|

For Details Notes,

Visit  www. polynoteshub.co.in




Combinational

1:2 De-MUX - Operation, Txuth Table ond Civcuit diagram Logis Gieall

% Introduction * Ope.mﬁon

A De-Multiplexer (De-MUX) is a combinational If S=0, the data input D is vouted to Y,
circuit that takes one dota input and forwards and Y, = 0.
it to one of the two outpul lines based on e If S=1, the data anui: b i skl b %
the select input. Tt performs the veverse ok B

0 o B

ration :1 MUX.
operation of a 2:1 MU o Thus, only the selected output line gets

( ) the date. input, while the other output
A 1:2 De-MUX has one dato. input (D), one e B

selech ik (5) wnd tio sibput diss (Yo, Yo} T T

Onlg one oufpu.t s active of a time.

S

L G =
-
g_
=
w
n
[
~—

% Txuth Table (1:2 De-MUX)

% Circuit D'Laamm. (1:2 De-MUX)

Seleck | Dala Outputs
Inpu.{'. In_Pui D
S D Yc- Y:L (Dai?o. In) } YO
0 0 0 0 :
0 1 1 0 v
g S
. 0 0 0 (Select In)
1 1 0 4 D—' Yi
From the toble : =
e When S=0 — Yy=D, Y, =0 Top AND gote gives Yo = S.D
e When S=1 — Y, =D, Yo=0 BOttomANDaoie.siuas Y, =5.D

* Ke.ﬂ Points

o 1:2 De-MUX has 1 data input (D), 1 select input (S) and 2 outputs (Yo, Yy).
o It voutes the data input to one of the two outputs based on the select input.
o It is the veverse function of a 2:1 MUX.

¢ Used in dota distribution, communication and digital system design.

NOTES :

Oan one output line is active
(Nah} at a time. The other

ou.tpu‘i: remains low (0).

For Details Notes, Visit www.polynoteshub.co.in




1:4 De-MUX - Operation, Txuth Table and Circuit diogram i

Logi.c Circuits

Y% Introduction ¢ OEemﬂon

A De-Multiplexer (De-MUX) is a combinational ¢ The data [nPu.t Dis applied. to the de—mul’tiplexar.
circuit that tokes one data input and forwards The select inpuis (5,,5,) select one of the
it to one of the many outpu’z lines based on fou:r outputs‘

the select inputs. It performs the reverse The selected output gets the data input D.
operaﬂon of a MuH:iPlaxe.*r. AUl other outputs remain O.

e i e e e

[ . ) I General Expressions : l'
A 1:4 De-MUX has one data input (D), : o L EY |
two select inputs (Sy,S,) and four | Yo= 545 D (When $,=0,5,=0) |
subpick Biies (Y., ¥as Yo, Ya). Onlij one Yas S, So D (When $,=0,50-1) |

L output is active (HIGH) ot o time. J : Yo=8, 5 D (When S;=1,5,=0) !

i Y= S, So D (When S;=1,5,=1) l

% Txuth Table (1:4 De-MUX)

Select Tnputs | Dota Outputs
5 S ;6 ¥ ¥ ¥ )
1 0 D 0 1 2 3 (Deta In) — YO
0 0 D D 0 0 0
0 0 0 g |6 |8 |0 Sy
Sy DC ®
9 4 T g . 0 0 (Select In) b ¥
0 1. 0 0 0 0 0
1 o] D 0 0 D 0 jI
S D@
| 0 0 g |6 |0 |0 . =
(Select In) 5y D—» YQ
1 1 D 0 0 0 D
1 1 0 0 0 0 0
 Brate B ekl D—» Ys
o When S;5,=00 — Y,=D,Y,=Y,=Ys=0
e When S, So =01 — Y, =D, Yo=Y,=Yy=0 r e
e When S:. So = 9. = YR = D, YO - Y!. % Y3 =0 TOF AND 30.{3& Ol.liPu'tS YO ™ Si So D
o When S; So =11 — Y3=D,Y,=Y,=Y,=0 2nd AND gate outputs Y, = S, So D
L J T
Brale 3rd AND gate outputs Y, = S, S, D
I'f Dni,sini,snxo L Boﬁom AND 90.{’.& ou‘tpl.d'.s Y3= 51 SOD J

(ley 555,=10); then ¥, = 1
and Yp =Y, = Y3 = 0.

* KeH Points

e 1:4 De-MUX has 1 dota 'mPui (D), 2 select [nPuts (51,50) and 4 ou.fpuis (Yo,Yi,Ya,Ys}.
Tt routes the data 'LnPui to one o'f the fau.r ou.i:Puis based on the select f.n.Pu.{:s.

NOTE :
The selected output

. C'an one output line is active (HIGH) ot o time; others remain LOW (0). sefs the data in'F"'t (D).
e It is the reverse operation of o 4:1 MUX. All cther outputs are O.
e Used in data distribution, memory selection, communication sgsl:em.s, etec.

— —@

For Details Notes, Visit www.polynoteshub.co.in




Combinational

1:8 De-MUX - Operation, Txuth Table and Circuit diagram

Loslr. Circuits

% Introduction * OEe:ro.ﬁon

A De-Mulﬁpf.exe:r (De-MUX) is a combinational o The daota mPut D is n.F)Ph.gd_ to the de-nultiplexer.
Ci,TCU.I.i ‘H’Lﬂi t&k&S one d-ﬂ.t(l. .LI"LFL-'.‘{: O.I'I,(I, fmwa:rcls [ ] Th_e snggt in,Fu_‘!;s (52,31’50) select one o‘f Hme

it to one of the mony outpu.t lines based on gE,SH; ou’cpuis,

the select T.nputs. - Pe.TfO"rm.s the reverse o The selected ou.fpu.f Se{',s the data inpuf D.
OPQTOiiOH 0§ o Mu”;'-PLexE-T o All OH’LQT oul;Pu‘ts vemain 0. (LOW),

r R o Rk P e SR e L e e S e T i

-

A 1:8 De-MUX has one data input (D), |

three select inputs (S,,S5;,S,) and :
|
|
!
|
|
|
|

¥, = 55 5. 85 B C(When 535, 5, =000)
eight output lines (Yo - Y;). Only one Y= S5 8 56 B [Whew 8 55, ~004)
Yo & 35 5y B; D (Whan 5,8,.8,=010)

Output s active (HIGH) ot o time.
1. .

Y, = S, S, So D (When S, S, S, = 111)

% Txuth Table (1:8 De-MUX)

% Circuit D'Lagmm (1:8 De-MUX)

Select Inputs f“t; Outputs
np D
Sg_ Si 50 D Yo Yi Yg_ Y.’r Yq YS YE Y'f {Dui‘a_ In_) D—D YO
0 0 0 D Dl(ojo|Oof(O|O|O]|O
o|lo|ls| D |o|D|o|o|o|lo|a]o g, ) s
ol1|lo]| D [o|o|lp|lolo]o|o]fo 521’—{>"‘ —_;\ y
2
a | 4] A D olO0|Oo]|D|OjC]|O]O
1{o|o| D |ofo|o|o|D|o|o]o % s %
1 ol21]| o |o]|ololololD|olo| St *’_{>°
1 |4]o| D |oe|la|lo|ajalo|D]o Ya4
i a2 D |o|eflele|6]e|a|Db 3
s | 0
r s [: s
From the table
o When S 8,5, =000 — Y, =D, obhers = 0 1
¢ Whin 8, Sy 8, = 004 — ¥, = B, duw=0 Ve
o When 5,5, S5,=040 — Y, = D, others = 0
e When 5,5, 5,=0114 — Y3 = D, others = 0 Y-;
¢ When 5,5, 5,=1141 — Y; = D, others = 0
k- o J | Each output is the vesult of a 4-input AND gate where
Exemple : inputs are D, S, (or ga), S, (or gi), So (or ED}.
I Bat ol 555~ 100 G By=1,8 -8, 5;=1)
then Yg = 1 and oll other outputs are O.
* Keﬁ Points NOTE :
o 1:8 De-MUX has 1 data input (D), 3 select inputs (S,,S;,S,) and 8 outputs (Y, - Y,). The select inputs determine
o Tt voutes the data input to one of the e.'sﬁh{: outputs based on the select inputs. which output line will carry
® Only one output line is active (HIGH) ot o time; all others ave LOW (0). the dota. All other cutput
o It is the reverse operation of on 8:1 MUX. lines vemain 0.
o Used in dota distribution, memory chip enable, communication systems, etc. =
L . ]
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Design a 1:4 DeMUX using 1:2 DeMUX ( Corbinatione

& Loai.c Circuits
% Objective * Truth Table of 1:4 DeMUX
To d.e.slgn. a 1:4 DeMultiPLexer using
two 1:2 DeMulti.FLexe.rs, =) So Yo 4 Ya ¥s
0 0 D 0 0 0
* 1:4 DeMUX
i ek ek S 0 : | 0 D 0 0
A 1:4 DeMUX has one data input (D), 1 0 0 0 > 0
two select lines (S,, S,) and four
outputs (Yo, Yy, Yz, Y3). The data 1 1 0 0 0 D
ipk D is routed to one of the foor 0
Outpuhs bn.sed on tha seE.e.ch. Line.s. ch L{'. WO‘I"I(.S

e When S, = 0, the upper 1:2 DeMUX is enabled and
D LS SBI'Lt tO YO or Yi bG.SE.d. on 50.

[

I

|
* Desian Procedure |
|
l o When S, = 1, the lower 1:2 DeMUX is enabled and
|
|
|
|
|
|
|
|

(=

. Use two 1:2 DeMUX.

2. Connect S, to the select input of both .
1:9 DeMUX D is sent to Y, or Y, based on S;.

3. Connect D to the data input of both ® Thus, for each combination of (S, S,), D appears
1:2 DeMUX. at OI'L'.H one output.

4. Use Si to select between the o . ~-———"-—"r-"rn—H—-————-— .-
1:2 DeMUX outputs at the second stage.

5. The four outputs from both 1:2 DeMUXs
become Yy, Yi, Y, and Y,.
A
" 1ga .
DeMUX M —— Yo
(Date Inpu.t) i DeMUX > Ya
1:9 - ! —> Ys
5, > DeMUX L I
(Select Line Q)
S,
(Select Line 1)

Ou.’ch.t Desc'riE’chn

¢S, =0:

1 5, 0 = Y B othiss =0
—’

Connection Summu:rﬂ
¢« D — Data 'mpuf oj' both 1:2 DeMUXs

1
i
I
o So — Select input of both 1:2 DeMUXs !
* Outputs (Ao, A,) and (Bo, By) — Inputs of |
i
I
|
!
I
I

If S=1

second stage 1:2 DeMUX . Ij Sy =%
® 5, — Select input of second stage 1:2 DeMUX If S =0 — Y, =D, cthers = 0
o Ou.ipui:.s cf second stoge — You Yo Yau Yy If S¢ =1 — Y3 =D, others = 0

¢
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Design a 1:8 DeMUX using 1:4 DeMUX  ( Combinatione

LOS i.C CLTCU.&.S

@ ®
% Objective % Truth Table of 1:8 DeMUX
T : : Mult: :
) d.e,snﬁn a 1:8 De ultLpLexe,r using AEANENEA A I A IEES
two 1:4 DeMLd.tiP!.exers.
0 0 0 D 0 0 0 0 0 0 0
% 1:8 DeMUX o o |4 o |Dlelo]lolalo]e
A 1:8 DeMUX has one data i.npu{ (D), 0 1 0 0 0 D 0 0 0 0 0
three select lines (S;, S,, Sp) and 0 . L 0 0 0 D 0 0 0 0
eiahi outpui:s (Yo to Y.'.). The data
input D is routed to one of the eight SALEERESERENERLALAR R
ou,tpuf.s based on the select lines. b 0 1 0 0 0 0 0 D 0 0
* Design Procedure AEARSERIESERLELEEAENE:
i 1 1 0 0 0 0 0 0 0 D
1. Use two 1:4 DeMUX.
2. Connect D to the data i.npl.d: cf Botle 1 (R e e e e e e e g e
How it Works

f
1:4 DeMUX. i
3. Connect S, and S, to the select mputs I ¢ 5, acts as the most sf.ﬂnift.cml: select line .
of both 1:4 DeMUX. I . .'Lf 5, =20 — upper 1:4 DeMUX is enabled and D is
4. Connect the outputs of both 1:4 DeMUX I distributed to Y,~-Y, based on S,, S,.
to the outputs Y, -Y5. | e If S, =1 — lower 1:4 DeMUX is enabled and D is
5. Use S, to enable one of the two 1:4 i i b o Bak & B 0
|
|
|
|
|

DeMUX. . On.bd one outpu.i‘. among Yo= 73 will be eo‘ua.]. to D,
6. When S, = O, the 1:4 DeMUX
5 = o % all ‘ethass will ke 0.

enobled — Y, to Y.
7. When S, = 1, the lower 1:4 DeMUX is
enabled — Y, to Y,.

OuJLPu.{'.S nf lower DeMUX — Y,., Y5, YG’ Y?.
*+ 5 — Embhmnirol(Ofafuppar, ifm'inwer),.

¥
Y, =D (i 5,5, = 10)
¥+ B Gb 85+ #1)

% Circutt D'Lo.grom |, Yo e e T R \
1:4 Y, T : Select Lines I
: ——-hY » 2 | |
D > DeMUX Y= (Encble) | o S,, S, — Connected to the select |

i ¢ |
(Data Input) 3 | inputs of both 1:4 DeMUXs. i

|
‘ [+ Sy = Used to enable one of the |
LY, | DeMUXs. }
> 1:4 B Si | Note : I
S J  DeMUX Ye (Enable) E S;=0 = Y, to Y, active I
] Lz Y? | |
So Ii S;=1 = Y, to Yy active j
oS Foe o as eSS [ e e e e ST x
| | |
| © D - Dada input of both 1:4 DeMUXs. i e For S350 | e For S, = 1 : |
| Sy, S = Select inputs of both 1:4 DeMUXs. | | Y, =D (f S,S, = 00) i Y, =D (f S5, =00) |
i o Outputs of upper DeMUX — Yo, Yy, Y, Y. | i =D (f S, =01) | Y5=D (f 55 =01) |
| b1 ' |
| . ! |
| ol ! I
| - |

For Details Notes, Visit www.polynoteshub.co.in




