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Digital Circuits

e Digital circuits are two types

1. Combinational circuit consists of logic gates whose outputs at any
time are determined directly from the present combination of

inputs without regard to previous inputs.

2. Sequential Circuit employ memory elements in addition to logic

gates. Their outputs are a function of the inputs and the state of

the memory elements.
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» Derivethetruth table
»  Simplify the Boolean expression for each output
»  Produce the required circuit

Half Adder : A combinational circuit that performs the addition of two bitsis
called a half adder, We need two input and outputs

A o— o =S
e HALF o~
< ADDER

S RN

B The truth table for the half adder islisted below:

S(x)y) =x’y +xy’ C(xy) =xy
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Full Adder

One that performs the addition of three bits (two significant bits and a previous carry) isafull adder.
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=Alternative formul ae using algebraic manipulation:

C=XY+XZ+Y.Z
=XY+(X+Y).Z

=X.Y +((X XORY) +X.Y).Z
=X.Y +(XXORY).Z+X.Y.Z
=X.Y +(X XORY).Z
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S=X'Y'Z+X.YZ+XY.Z+XYZ
=X (Y\Z+Y.Z)+ X (Y.Z +Y.Z)
=X". (Y XOR Z) + X. (Y XOR 2)'

=X XOR (Y XORZ) or (X XORY)XORZ
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Full adder using two half adder
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Parallel Binary Adders
*Parallel Adder isadigital circuit that produces the arithmetic sum of 2 binary numbers.
*Constructed with full adders connected in cascade, with output carry from each full adder connected to the input carry of next full adder in the chain

*The carriesare connected in a chain through the full adders.
*Two methods to handle carriesin parallel adder

1. Ripplecarry: carry out of each FA is connected to the carry input of next FA
2. Carry Look ahead: it anticipates the output carry of each stage, and based on the input bits of each stage, produces the output carry

by either carry generation or carry propagation.
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l
Car 'y gener ation: output carry is produced internally by the FA.carry is generated only when both input bits are 1s.the generated

carry C isexpressed as the AND function of two input bits A and B so C=AB.

Car ry propagati ON: occurswhen thei/p carry is rippled to become the o/p carry.an i/p carrymay be propagated by the full
adder when either or both of the i/p bitsare 1s.the propagated carry Cp is expressed as the OR function of thei/p bits
ie Cp=A+B

hree sum bits are [ , [

2- Bit Parallel Adder

LSB of two binary numbers are represented by A; and B1.The next higher bit are A, and B». The resulting 1 » and Co, in which the Co
becomes MSB.
The carry output Co of each adder is connected as the carry input of the next higher order.
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Fig : bit adder using two full adder

Four Bit Parallel Adders

An n-bit adder requires n full adders with each output connected to the input carry of the next higher-order full adder.
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Fig : bit adder

The logic symbol for a4-bit parallel adder is shown. This 4-bit adder includes a Carry In (labeled Co) and a Carry Out (labeled Cy).
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Fig : Truth table for 4 bit parallel adder

074283 Four-bit binary adder
07483 isan older chip that isfunctionaly identical to the 74283, but the pins are laid out differently

Cascading Parallel Adders
When we connect the outputs from one circuit to the inputs of another identical circuit to expand the number of bits being operated on, we say that the

circuits are cascaded together.

For example, you can cascade two 4-bit parallel addersto add two 8-bit numbers. To do this, connect the lower-order adder’s Carry Out to the higher-
order adder’s Carry In.


http://focus.ti.com/lit/ds/symlink/sn74ls283.pdf
http://people.sinclair.edu/nickreeder/eet1131/datasheets/7483.pdf
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8-bit inputs

AL B Ay Bsg As Bs A, B, AL Bs A, B, A, B, PR 2
Ay Ba AL B A, B, A, I As Fm A B A B Ay Ty
Csain T7TA4AHC283 in Chon 7T4HC283 [ e 1
=4 =3 =5 =, =, =5 =5 >, —
=5 = =6 =5 -2 =3 >=> =, =0

(High-order) (IL_ow-order)

Sum output

Fig : cascading of parallel adders

Binary Subtraction

*  The subtraction A-B can be performed by taking the 2's complement of B and adding to A.
*  The2'scomplement of B can be obtained by complementing B and adding one to the result.

A-B=A+2C(B) = A+1C(B)+1 =A+B’+1

M =t Fdoa  rmikbEerr = racd FdoarrmyrkbEes =r
Eimn=arw Suklkatr=actaoor = s —J
o == T ey Ny

4 1 1 +

Fig : binary substractor circuit
Adder/Substractor

= Designrequires:

(i) XOR gates:
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(i1)S connected to carry-in.

Fig : adder/substractor circuit

When S=0, the circuit perfforms A + B. The carry in is 0, and the XOR gates simply pass B untouched.

+  When S=1, the carry into the least significant bit (LSB) is 1, and B is complemented (1’s complement) prior to the
addition; hence, the circuit addsto A the 1’s complement of B plus1 (from the carry into the LSB).
M agnitude Compar ator :

A magnitude comparator is a combinational circuit that compares two numbers, A and B, and then determines their relative magnitudes.

A>B A=B A<B

Pkt inEeat NoBIt magnitude oo
— o~ comparator

=c -—
noBit i at

[ —

Problem: Design a magnitude comparator that compares 2 4-bit numbers A and B and determines whether:
A>B,or A=B,or A<B

Inputs
First n-bit number A and Second n-bit number B
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Outputs:  3output signals (GT, EQ, LT), wheree GT=1IFF A>B EQ=1IFFA=B LT=1IFFA<B
Exactly One of these 3 outputs equals 1, while the other 2 outputsare 0's.

Solution:

Inputs: 8-bits (A = 4-bits, B = 4-hits).A and B are two 4-bit numbers. Let A = AzA2A1Aq, and Let B = BsB2B1Bg.
Design of the EQ

eDefine Xi = Aixnor Bi= AiBi+ A" By’

«i=1IFFA =B vi=0,1,2and3
xi=O0IFF Ai #B;i L1 >
eTherefore the condition'for A = B or EQ=1 IFF

Asz=B3z— (Xz=1),and A=Bx— (X2=1),and A1=B1— (X1=1), and Ao=Bo— (Xo=1).
-ThUS, EQ=1 IFF X3X2X1Xo: 1. In other WOI’dS, EQ = X3X2X1 Xo

DesigningGT and L T:

oGT=1ifA>B:

‘\// If A3> B3z 3=1andB3=0 If A3=Bz and A2 B>
!jA3=BgandA2=BzandA1> A1

I/fA3= Bzand A2=Bzand A1=Biand Ag >Bo
eTherefore,

GT = A3Bs‘+ X3A2B2'+ X3X2A1B1+ X3 X2 X1A0 Bo
Similarly, LT = As’Bs+ X3A2'B2+ X3 X2A1’B1+ X3 X2X1A0” Bo
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Fig :4 bit magnitude comparator

Decoder : A decoderisa logic circuit that accepts a set of inputs that represents a binary number and activates only the output that corresponds to the input number.

» A decoder has  ------ N inputs and 2N outputs

* Exactly one output will be active for each combination of the inputs.

« Each of these input combinations only one of the M outputs will be active HIGH (1), all the other outputs are LOW (0).
« An AND gate can be used as the basic decoding element because it produces a HIGH output only when all inputs are HIGH.
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« If an active-LOW output (74138, one of the output will low and the rest will be high) is required for each decoded number, the entire decoder can be implemented with
NAND gates Inverters

e If an active-HIGH output (74139, one of the output will high and the rest will be low) is required for each decoded number, the entire decoder can be implemented with
AND gates Inverters

Decoder example :  2-to-4-Line Decoder
~ B A B AMND Gate

Inwerter -—D— Qg — Al
Binary Di Q= AB D ecoded
Inputs _ CDrutgo ot
[ > a.-AaB
=1
=== > a.-as
Data Lines
fig : 2-4 decoder with active high output
Inputs Outputs Truth Table
L —— ——m g A B |Q: 2 Q= Qs
B — 2 to 4 L e (4 0 0 1 0 0 0
Binary 0 1 0 1 0O Q
Decoder |—m Oz 1 0 O 0O 1 o0
| e Q- 1 0O 0 0 1

Fig : logical symbol and truth table of 2-4 decoder

3lineto 8line decoder (active-HIGH)

* It can becdled a3-line-to- 8-line decoder, because it has three input lines and eight output lines.

* It could aso be caled a binary-octal decoder or converters because it takes a three bit binary input code and activates the one of the eight outputs corresponding to that
code. It isalso referred to as a 1-of-8 decoder, because only 1 of the 8 outputsis activated at onetime.
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Application example
oA simplified computer |/O port system with a port address decoder with only four

addresslines shown
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Fig :peripheral decoding in computer
«Computer must communicate with avariety of externa devices called peripheras by sending and/or receiving data through what is known as input/output (1/0O) ports

*Each 1/0 port has a number, called an address, which uniquely identifies it. When the computer wants to communicate with a particular device, it issues the appropriate address code
for the 1/O port to which that particular device is connected. The binary port addressis decoded and appropriate decoder output is activated to enable the I/O port

*Binary data are transferred within the computer on a data bus, which isa set of parallel lines

BCD -to- Decimal decoders
*  The BCD- to-decima decoder converts each BCD code into one of Ten Positional decimal digit indications. It isfrequently referred as a 4-line -to- 10 line decoder
»  Themethod of implementation is that only ten decoding gates are required because the BCD code represents only the ten decimal digits O through 9.

Each of these decoding functionsisimplemented with NAND gates to provide active -LOW outputs. If an active HIGH output is required, AND gates are used for
decoding
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Fig: a logiccircuit for BCD to Decimal decoder b. logical symbol of BCD to Decimal decoder IC c. truthtable
BCD to 7-Segment Display Decoder
1. Used to convert aBCD or abinary code into a7 segment code used to operate a 7 segment LED display.

2. It generaly has4 input linesand 7 output lines. Here we design a simple display decoder circuit using logic gates.

- —
A — -
BC = - -
Input
Sign al [ PE—— BCD ——
to . F-Segment
[

- F-Segment Dutputs

Decoder —

8 0 an ol

Fig: logical symbol of BCD-7 segment decoder
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Encoders

e An encoder is a digital circuit that performs the inverse operation of a
decoder. An encoder has 2" input lines and n output lines.

e The output lines generate the binary equivalent to the input line whose

value is 1.
e Example: 8-to-3 binary encoder (octal-to-binary)
Inputs Qutputs

D, Di Di D, D, D, D, D, A, A, A,
() 0 0 0 0 () 0 1 0 0 ()
0 0 0 0 0 0 1 0 0 0 1
0 0 0 0 0 1 0 0 0 1 0
0 0 0 0 1 (} 0 (} 0 1 1
0 0 0 1 0 0 0 0 1 0 0
0 0 1 0 0 0 0 () 1 0 1
0 1 0 0 0 0 0 0 1 1 0
1 0 0 0 0 0 0 (] 1 1 1

Ap =Yo =D + Dy + Dy + D

AL =Y, =D, ¥ Dy ¥ 0 v D

A =Y,=D, + D + D, + D



Madan Mohan Malaviya Univ. of Technology, Gorakhpur




Madan Mohan Malaviya Univ. of Technology, Gorakhpur

Decimal — BCD encoder

*Encoder will produce a BCD output corresponding to the highest-order decimal
digit input that is active and will ignore any other lower order active inputs.

DECIMAIL DIGIT A A A, A,
O O O O O
1 @) O O 1
= O O 1 O
= O O 1 1
4 1 O O
s 1 O 1
& O 1 i O
7 O 1 | 1
& 1 O O O
o 1 O O i

Fig :truth table for 10-4 encoder

-- From the truth table, the outputs can be expressed by following Boolean
Function.

Note: Below Boolean functions are formed by OR ing all the input lines for which

Ag = 1+3+5+7+9
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A1 = 2+3+6+7
Ao> = 4+5+6+7
A3 =8+9

The decimal to bcd encoder can therefore be implemented with OR gates whose inputs are
determined directly from truth table as shown in the image bel ow.

] DEC/BCD
A\ l‘jJSB’ ['(’ {)
2 | ——1
3 \ I E—
i | A | —is 11 \]
i Decimal | —4 2(—— | BCD
5 P mpit ) — |5 7,1 [ output
; : ’ |
—17
8 :
&‘ An {MSB) :
? ‘ —9

Fig : Logic circuit and symbol for 10-4 encoder
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Encoder Design Issues

e There are two ambiguities associated with the design of a simple
encoder:

1. Only one input can be active at any given time. If two inputs are
active simultaneously, the output produces an undefined
combination (for example, if D; and D¢ are 1 simultaneously, the
output of the encoder will be 111.

2. Anoutput with all 0's can be generated when all the inputs are 0's,or
when D, is equal to 1.

Priority Encoders

e Solves the ambiguities mentioned above.
e Multiple asserted inputs are allowed; one has priority over all others.

e Separate indication of no asserted inputs.
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Example: 4-to-2 Priority Encoder

Tiuth Table
Inputs Outputs
Dg Dg D-| Dn ln1 A-I] 1"..
0 0 0 0 X x 0
[ [ 0 1 (0 0 1
() (0 ] X [ 1 1
() | X X 1 0 1
1 X X x 1 1 1

e The operation of the priority encoder is such that:

e |f two or more inputs are equal to 1 at the same time, the
input in the highest-numbered position will take precedence.

e Avalid output indicator, designated by V, is set to 1 only
when one or more inputs are equalto 1. V=D;+ D, + D, + D,
by inspection.




Madan Mohan Malaviya Univ. of Technology, Gorakhpur

Example: 4-to-2 Priority Encoder

K-Maps
Dﬂtﬁ 00 01 11 10 Ds%\ 00 01 11 10
Qo1 x 001 X 1 1
01| |1 1 1| 1 01
I Dy [ Ds
11 ||| 1 1 1| 1 1] 1 1 1 1
D_; - DE
10| 1 1 1 1 10]] 1 1 1 1
Dy Dy
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Example: 4-to-2 Priority Encoder
Logic Diagi-am

o

)
_/
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8-to-3 Priority Encoder
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Uses of priority encoders (cont.)

Ragues! E={
lines ‘
. 1 En
+— Device A - 0
lowest Highest
priority priarity
. = o request
+— Device B wy 3 0 *
[
= o
'-':_J PROCESSOR
- 1 = 1
Device C me 1 .
i
o —
. 0
«+— Device D i ;
highest Requesl
priority A=) present

[gure 217 Resolving interrupt requests us ng a priecily encoder,
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Multiplexer

= A multiplexer or mux is a device that selects one of several analog or
digital input signals and forwards the selected input into a single line. A
multiplexer of 2"inputs has n select lines, which are used to select which

input line to send to the output.”

» The select lines determine which input is connected to the output.
= MUX Types

2-t0-1 (1 select line)

4-t0-1 (2 select lines)

8-to-1 (3 select lines)

16-t0-1 (4 select lines)
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Imputs Owutput

CSOoOLrrces) (= SEFrrs=€icorr)

~a

Saelect
L imes

Fig : multiplexer block diagram

4to-1 Multiplexer (MUX)

Do - — DO -]
— ]
o - = |
o1 i—‘-\ D2 — — h
- D3 =
Dz ; —— o e
) — B A
D3 I
— B A hd
i’ i o o Do
(@] 1 DA
B A Fig : logic circuit, symbol and table for 4-1 multiplexer 1 o D=
1 1 D3

The Boolean expression for this 4-to-1 M ultiplexer above with inputs Doto Dz and data select lines A, B is given as:
Y =A’B’Do+ A’B D1+ AB’D2+ ABD3

Demultiplexer

+ A DEMUX isadigital switch with asingleinput (source) and a multiple outputs (destinations).
» Theselect lines determine which output the input is connected to.
+ DEMUX Types
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Implementing Boolean functions with Multiplexers

= Any Boolean function of n variables can be implemented using a 2"1-to-1
multiplexer. A MUX is basically a decoder with outputs ORed together,
hence this isn’t surprising.

= The SELECT signals generate the minterms of the function.
= The data inputs identify which minterms are to be combined with an OR.

Example

v FX,Y,2)=X'Y'Z+X'YZ’+XYZ’ + XYZ=2m(1,2,6,7)
v There are n=3 inputs, thus we need a 22-te-1 MUX
v The first n-1 (=2) inputs serve as the selection lines

A4 1 ML

=

Sp
Sy

X

x v _z |F

o 0 010 F_z z 0 F
o o 1 |1

] 1 0] 1 = rl 1

8] 1 1 (8] F=< a

10 o [0 __, 2

1 0 1 (8] ~ | a3

1 1 0 |1

1 1 1 1 F=1

(a) Truth table (b} Multiplexer implementation
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The Other Example

e Consider F(A,B,C) = X>Xm(1,3,5,6). We can implement this function using a
4-to-1 MUX as follows.

e Theindexis ABC. Apply A and B to the S; and S, selection inputs of the
MUX (A is most sig, S, is most sig.)

e Enumerate function in a truth table.

When A=B=0, F=C

When A=0, B=1, F=C

When A=1, B=0, F=C

When A=B=1, F=C’

|
= = OO0 0|0 >
= Q| O+ | = OO

IDAADACh

S = DEXED)
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MUX implementation of F(A,B,C) = Bm(1,3,5,6)

Function table
S5y S| Y

>
b
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1-to-4 De-Multiplexer (DEMUX)

1 t 1: =2 Out t

Nnpu utputs

(source) (destinations)
N

Select
Lines

Fig : Demultiplexer circuit symbol

= - s 27
T - = = T = | T ==
{:)_ - D= = —
—] > - =
: PN

Fig: logic circuit for 1-4 demultiplexer, symbol and table
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= Parity Bit Generator

=  The most common error detection code used is the parity bit.
= A parity bit isan extrabit included with a binary message to make the total number of 1's either

odd or even.

= A parity bit added to n-bit code produces (n+1)-bit code with an odd (or even) count of 1s
= Odd Parity bit: count of 1sin (n+1)-bit codeisodd
» S0 use an even function to generate the odd parity bit

= Even Parity bit: count of 1sin (n+1)-bit codeiseven

» S0 use an odd function to generate the even parity bit




