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Chapter 6
Functions of Combinational
Logic

Lectre 9
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9-1. Half and Full Adders

0+0=.0
Half-Adder (=) cani = il aalal) ? : é \ i
 Recall the basic rules for binary addition are: | £ =10

 The operations are performed by a logic circuit called a half-adder.
 The half-adder accepts two binary digits on its inputs and produces two binary
digits on its outputs — a sum bit and a carry bit.

A half-adder is represented by the logic.symbol in Fig.

—1 A ¥ — Sum

Input bits < Outputs

— R Comt —— Carry
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Half-adder logic
 The inputs and outputs can be summarized on a truth table.

= The output carry (C,,) can be expressed as the AND [ f@er truth table.
i i . A B Cout 3
of the input variables: C, = AB
0 0 0 0
= The sum output (X) can be expressed as the exclusive- - . ;
OR of the input variables: | | ! 0
Z — A@ B E = sum

Cp = output carry
A and B = input variables (operands)

O The logic implementation required . for the half-adder function can be

developed, as shown in Fig.
D— T=A®B=AB+AB

A —£
} Cou=AB
fj'l W

Dr. Eng. Hassan Ahmad 30 July 2018




Full-Adder (1) aalall = ASI adlall)

 The second category of adder is the full-adder.

 The full-adder accepts two input bits and an input carry.and generates a sum
output and an output carry.

 The basic difference between a full-adder and-.a half-adder is that the full-adder

accepts an input carry.
= A logic symbol for a full-adder is shown in Fig., and the truth table in Table

the operation of a full-adder. Full-adder truth table.
A B Cin Cout >
0 0 0 0 0
0 0 I 0 1
. A ) 0 1 0 0 1
'“rl:_“‘ ] 3 Sum 0 1 l I 0
its )
! B 1 0 0 0 1
€y [ Output carry 1 0 I 1 0
Input carry Ciy 1 | 0 1 0
1 I I 1 1

(i, = input carry, sometimes designated as CJ
Com = output carry, sometimes designated as CO
Z = sum

Aand B = input variables (operands)
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Full-Adder Logic
 The complete logic circuit for a full-adder can be constructed from two half adders
(each half-adder is enclosed by a shaded area) as shown in Fig.

I=(A@ B ®CY

(A & BYC)

Con=AB +i{A @ B)C;,

Full-adder Logic block diagram. Full-adder logic symbol
Half-adder Half-adder
T T )y
A@ R Sum — A
A—]A L A . (AB B ®C, Li—
— B
H — B Cl.'ll.'lt 1 B L—‘l'-m. =1 LF";“.“
f-_|in
Input (A& BIC,,
carry, Ciy — 4 | a

AB Output carry, Cyy,
AB + (A @ B)Cy,
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Examnle 9-1 For each of the three full-adders in Fig., determine.the outputs for the
inputs shown.

x X z
| — A |— A | =—PA
0——BH | — B ——8
fl.'ﬂ.“ E.ﬂut E.l.'lut
U 00— Cin A [

solution

a) Theinputbitsare A=1,B=0,andC,, =0.=»1+ 0+ 0 =1 with no carry.
Therefore, X =1and C_, = 0.

b) Theinputbitsare A=1,B=1,andC,, =0.=> 1+1+ 0 =0 with a carry of 1.
Therefore, X =0 and C_; =1.

c) Theinputbitsare A=1,B=0,andC,, =1.=> 1+ 0+ 1 =0 with acarry of 1.

Therefore, X =0and C_ = 1.
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Examnle 9'2 For the given inputs,

determine the intermediate and final outputs of
the full adder.

z ») Sum
1 —1A D I A X 0

=

0+~ B Cnut |

|—B Cnut 1
Solution 1

= The first half-adder has inputs of 1 ‘and" O;
therefore the X =1 and the C_,, = Q.
= The second half-adder has Inputs of-1 and 1;

therefore the = 0 and the C, = 1. | G X

= The OR gate has inputs of 1 and 0, therefore the 0 0 O 0 0

final C, .= 1 00 1) 0 1

: out- = . 01 0] 0 1

Notice that the result can be read directly on the 0 1 1 1 0

truth table for-a full adder. 1 00 0 1
<o 1] 1 0>

1 1 0] 1 O

1 1 1 1 1
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Parallel Binary Adders

Two binary numbers
= To add two binary numbers, a full-adder (FA) is required.for each bit in the
numbers.
= So for 2-bit numbers, two adders are needed; for 4-bit numbers, four adders
are used; and so on.
= The carry output of each adder-is connected to the carry input of the next

higher-order adder, as shown in Figure for a 2-bit adder.

: ¢ A, B, A B
Carry bit fromdfight colump . _ . sor .
- General format, addition
1 of two 2-bit numbers:
11 4,4 | |
Az 0
_ +01 + BB, =
In this case, the ﬁ — I_‘". A B G, A B G,
carry bit from e EA? FAl
second column T
becomes a sum bit, —&— T‘"' E| Cout E|
(MSB) I, o X, (LSB)
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Examme 9'3 Determine the sum generated by the 3-bit parallel adder in

Figure and show the intermediate carries when the binary numbers 101 and 011 are
being added. |

[ o 1 ] 1

A B G A B G, BB Coh
FA3 FA2

EAT
Lo & Cont = C z

ol

The sum bits and the intermediate carries-are.indicated in blue in Figure.

I 0 0 1 I

out
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Four-Bit Parallel Adders
= A group of four bits is called a nibble.

= A basic 4-bit parallel adder is implemented with four.full-adder stages as

shown in Figure.

b}
r 3 ) —
A, B A: B A, B, A, B
LA o S~ . Binary 2 L A ¥ 2 4-hit
number A —_—1 3 I &1
— L——14 4 4 ——
. . \
A B G, A B C, A B G, A B C, Binary ﬂ —_ -
(MSB)| FA4 FA3 FA2 FAL SJILSBE) number 8 | — 3
Cl."l.'lt E lf'l'."'l.l1 I Cl.'!l.'lt E LHI.'H.I' E ~ 4 =
C, J ‘ Cs ‘ ) ‘ o | I|1]||1:: c, C, Tut.]'tl.lt
CAITY carry
I_' E.: Eg £| )
(a) Block diagram (b) Logic symbol
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9-2. Comparators (U _\dall)

Equality (3'glmsalt)

L The basic function of a comparator is to compare the magnitudes of two
binary quantities to determine the relationship of those.guantities.

O In its simplest form, a comparator circuit determines whether two numbers
are equal, i.e. a comparator can test for equality using exclusive-NOR gate

because its output is a O if the two input bits are not equal and a 1 if the
input bits are equal.

Basic 2-bit comparator operation

0 —3

0 —

0 — |

Y Y

|
| The inpabbits apé'equal. ; D (} The input bits are not equal.

{1 The input bits are not equal. | The input bits are equal.

| —
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Loqic diagram for equality comparison of two 2-bit numbers

Least Significant Bit
Cull g8 5 (s rall daall ld Cull)
(B G (ool (b 3 52 5l

Most Significant Bit
Cull g5 e oaliall Aagdll i) )
(Bl g (sl (3 25 5l

[LSBs

A
MS5Bs

Ag
By

B,

exclusive-NOR

A=8
HIGH indicates equality.

o
=D

Orefigral format: Binary number A — A A
Binary number B — BBy

The two least significant bits (LSBs) of-the two numbers are compared by gate
G, and the two most significant bits (MSBs) are compared by gate G,, as shown
in Fig.
 If the two numbers are equal, their corresponding bits are the same, and the
output of each exclusive-NOR gate isa 1.

 If the corresponding sets of bits are not equal, a O occurs on that exclusive-
NOR gate output.
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Examnle 9'4 Apply each of the following sets of binary.numbers to the
comparator inputs in Fig., and determine the output by following the logic levels

through the circuit.

(a) 10 and 10 (by PFland, 10

-’1:|:[}_‘j >: : Ay=1 :ID)D—
By=0— B, =4

} | = equal

Ap=1—3 I .-11:]:):D3|7
B =1 —,D i =
(a)

a) The output is 1 for inputs 10 and 10, as shown in Fig.(a).

b) The output is O for.inputs 11 and 10, as shown in Fig.(b).

} 0 = not equal
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The logic circuit (and symbol) for a 4-bit comparator in Fig.

Ap COMP
By, Ag 0™
A
A » A asp
By Output y
} A, 3
As A=B |——
B, By 0
B A I
1 . g < B
1; B,
B B 3/

Dr. Eng. Hassan Ahmad 30 July 2018
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Inequality (Cplidl/s suadd)

= When number A is greater than number B (A > B)
=  When number A is less than number B (A < B)
= For example, the for a 4-bit comparator.

To determine an inequality of binary numbers A and

B, you first examine the highest order bit in each

number.

The following conditions are possible:

1. If A; =1 and B;= 0, number-A-is.greater than
number B.

2. If A; = 0 and B; = 1, number A is less than
number B.

3. If A; = Bs, then you must examine the next

lower bit position for an inequality.

L L

By
B,
B,
Bs

COMP

Dr. Eng. Hassan Ahmad 30 July 2018
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Examnle 9'5 Determine the A = B, A > B, and A < B outputs for the input
numbers shown on the comparator in Fig.

COMP
- () — 0™
Solution Y
| ——— A=B |——
From Fig., we found that A; = B; =0, 0 3J Np
then we must examine the next lower bit position : M o
— |, a<B|—
for an inequality, i.e. A, with B, . =
(| —o3
We find that A, =1 and B, = 0 = A > B,

That is, the number on the A inputs 1s.0110 and

the number on the B inputs is 0011.
The A> B =>» output is HIGH and the other outputs
are LOW.
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Cascaded Arrangement of Comparators (<t jlall célaial) cus i)

 Cascading inputs are provided to expand the comparator to larger numbers.

4-bit magnitude comparator Ao—t0 Y
A1 | A
A,
Ay — 3
Casca.ding{_A>B A>B'_}
. —— 4=B A=Bt+—— Outputs
mputs
—|A<B A<B——
B 0
By— | 4
- - 82 T }
8-bit magnitude comparator By —3
using two 4-bit magnitude -~ \SBe
comparators a) o A [ <comr
The lowest order A___|° As |
A A A A
comparator has a HIGH (+5.0 V) A, A ]
- - R E |3
on the A =B input. — oB 4B l—
+5.0V A=B A=8 A=B Azgl—} Outputs
$—4<B A<B A<B A<BT—
By 0 By — o0
B, A By — A
B, By ——
B, 3 B, — 3
Dr. Eng. Hassan Ahmad 30 July 2018 18




Examnle 9'6 The waveforms in Fig. are applied to the .comparator as
shown. Determine the output (A = B) waveform.

COMP
I | A
"q'l _ { _:_ .-dll | ]
| | | | | | A=B|—
En : ,I : : : HZI o ﬂ}
- | | | | [ | B
Solution s L LT s

= If A, = B, then you must examine. (in the same time) the next lower bit

position for an inequality.
= After comparing we find that:the A-=.B output is HIGH when A;= B, and A, =
B, in the same time.
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Examnle 9'1 For the 4-bit comparator in Fig., plot each output waveform
for the inputs shown. The outputs are active-HIGH. (V- = +5 V)

d0 [T ] I EOMP
| | | | | | Ag 0
[ [ [ [ [ | A A
I i 1 i I -
Ar i i [ | A
=EEERRPNR.
N A
B I I ¥or A=8 A=H8
| |
R — | *|A<B  pgopl—
| | | | =
B, | ] I B, 0
| | | -
| | | | ) | B,
- |
Eﬁ' : B
: i | — B,
- I |

Following the conditions for inequality, the result is

A=100f1A= 111114 =11101A=1100A=0101
B= 01008 = 111118 =0010; 5 =0011 5= 1100,
l : 4|

A<B ’

I
!
L
1
i
I
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9-3. Decoders (Jsa Al Cilssia)

A decoder is a digital circuit that detects the presence ‘ofa specified
combination of bits (code) on its inputs and indicates the presence of that code
by a specified output level.

O In its general form, a decoder has n input lines to'handle n bits and from one to
2" output lines to indicate the presence of.one or more n-bit combinations.

O For example, two simple decoders that detect the presence of the binary code

0011 are shown. The first has an active HIGH output; the second has an active
LOW output.

Active HIGH decoder for 0011 Active LOW decoder for 0011
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1. The Basic Binary Decoder

= Suppose you need to determine when a binary 1001 oceurs on.the inputs of a
digital circuit.

= An AND gate can be used as the basic decoding element because it
produces a HIGH output only when all ofits inputs are HIGH.

o Therefore, you must make sure that all of the tnputs to the AND gate are
HIGH when the binary number 1001 occurs; this can be done by inverting
the two middle bits (the 0s).

o The logic equation for the resulting.decoder is developed as illustrated in
Figure.

A (LSB) -

A,

b—d —dS
4 N

0 —0 1 A _G>T
2 A

| Aq -
" (MSB)

Dr. Eng. Hassan Ahmad 30 July 2018



Examme 9'8 Determine the logic required to decode the binary number
1011 by producing a HIGH level on the output.

sol““nn The decoding function can be formed by.complementing only the
variables that appear as O in the desired binary number, as follows:

X =AAAA (1011

} ..jI.r = .“!I._QJI:."Il. |.'1|:

Dr. Eng. Hassan Ahmad 30 July 2018
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2.

The 4-Bit Decoder

In order to decode all possible combinations of four bits, sixteen decoding
gates are required (24 = 16).

This type of decoder is commonly called either a 4-line-to-16-line decoder
because there are four inputs and sixteen outputs or a 1-of-16 decoder
because for any given code on the inputs, one of the sixteen outputs is
activated (active-LOW output) - (ad=all*=saia)  and all others are active-
HIGH (4ladll adi ),

For example, the combination 0000 on the inputs, the output terminal O is

activated; for combination 0001, the output terminal 1 is activated;....etc.

Dr. Eng. Hassan Ahmad 30 July 2018
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Ouiputs

7

Active LOW

ﬂ/123456

Decoding
Function

x A Ay
0

Binary Inputs
Aj

Aj

0
I
0
I
0
I
0
I

Decoding functions and truth table for a 4-line-to-16-line (1-0f-16) decoder

with active-LOW outputs.

Digit

Decimal

25

30 July 2018
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S
€
<
<
c
g
wv
wv
S
I
o
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Logic Symbol for a 4-line-to-16-line (1-of-16) Decoder

= A logic symbol for a 4-line-to-16-line (1-of-16) decoder. with*active-LOW

outputs is shown in Fig.

« The BIN/DEC label indicates that a binary input-makes.the corresponding decimal

output active.

Bin/Dec
0 3
I
2
3
4
 —, :
4-bit binary =1 4 7 ' Decimal
Lyt 1 — Ay 8 outputs
) 9
- 10
11
12
13
14
15 y,
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3. The BCD-to-Decimal Decoder

= The BCD-to-decimal decoder converts each BCD code (8421 code) into one
of ten possible decimal digit indications.

= |tis frequently referred as a 4-line-to-10-line'decoder or a 1-of-10 decoder.

= The method of implementation is the same as for the 1-of-16 decoder
previously discussed, except that only. ten decoding gates are required

because the BCD code represents only.the ten decimal digits O through 9.

Dr. Eng. Hassan Ahmad 30 July 2018
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BCD decoding functions

Decimal BCD Code Decoding
Digit Aj Al Aq Ap Function
0 0 0 0 0 AzALA A,
I 0 0 0 1 A3AA A
2 0 0 I 0 AzAp A7
3 0 0 1 1 AzAAAG
4 0 | 0 0 A3A-A 4,
5 0 I 0 1 24,4 14y
6 0 | [ 0 ApA A,
7 0 | [ 1 A3A0A 14, BCD/DEC
8 | 0 0 0 AzA4 A, ouUTO -
9 I 0 0 1 AzAA 14 OUTI (2
_ our2 p-2-
. . o "1'|| (15) I OuUT3
A logic symbol for a 4-line-to-10-line (1-o0f-10) y (14) L
TEY e T
decoder with active-LLOW outputs is shown in Fig. et UBP o
A; ——8 oUTH p—
ouTr by,
OUT8 p =
ouTy p——

Dr. Eng. Hassan Ahmad

30 July 2018
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Examnle 9'9 If the input waveforms in Fig.(a) are applied to the inputs of the
BCD-to-decimal decoder , show the output waveforms.

sol““nnThe output waveforms are shown in Fig.(b).

From Table on slide 24 we note that t, —t, =OUT 0; t; —t, =0OUT 1, ...; ty »t;,, =OUT 9.

Io f Iz I3 Iy 5 s I3 Ig Ig Mo
S B B R W o e .
A, | | | | |
_BC[]_' i I i I i
musa, L L N TOT T T Lt
I I I I I I I I I
@ A I AN M | o
1 | I | 1 | 1 | 1 1
| | | | | | | | | |
| | ! | | | | | | |
I | 1 | | | | | | |
| 1 | 1 | 1 | 1 |
| 1 | 1 | 1 | 1 1
0 | | | | | | | | |
] | ] | ] | ] |
| I | I I I I I I I I
| [] | [] | [] |
- | I | I | I |
4 | | | | I | |
: e R N
I | ] | ] |
Decimal 4 I : : : :
mutputsy o : : : :
I L I
| | |
6 | | |
1 1
1 1
|
1

LI

Ul. CIY. Madd>>dll Alllliau JQV July cvio 29




4. The BCD-to-7-Segment Decoder

= The BCD-to-7-segment decoder accepts the BCD code on its inputs and
provides outputs to drive 7-segment display devices.toproduce a decimal
readout.

= This type of decoders is called a BCD-to-7-segment decoder/driver with
active-LOW outputs.

= The logic diagram for a basic BCD+to-7-segment decoder/driver with active-

LOW outputs. is shown<in Fig.

BCD/7-seg
a

b

A ——

BCD | A1 ——

input Ay
n—

Output lines
connect to
T-segment

display device

GO e Pd e
L

L

[ —
e
cp—
d p—v &
D_
[
e
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9-4. Encoders (< idal))

 An encoder is a combinational logic circuit that essentially- performs a

“reverse” decoder function.

 An encoder accepts an active level on one_of its inputs representing a digit,

such as a decimal or octal digit, and convertsit to a coded output, such as
BCD or binary.

O The process of converting from familiar Symbols or numbers to a coded format

Is called encoding.
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The Decimal-to-BCD Encoder

= This type of encoder has ten inputs—one for each decimal digit—and four

outputs corresponding to the BCD code, as shown in Fig.
= This is a basic 10-line-to-4-line encoder (Logic symbol).
= The BCD (8421) code is listed in Table.

DEC/BCD
BCD Code ¢ —0
Decimal Digit Aj Aj Ay Ap —1
—2
0 0 0 0 0 . :
1 0 0 0 I _ - 3
2 0 0 | 0 ].\:'-:-.:Im;ll ) 4 2—— | BCD
3 0 0 1 1 input } — 15 4 |—— [ output
4 0 1 0 0 —6 ) el
5 0 1 0 | 7
6 0 1 1 0 8
7 0 1 1 1 L o
8 1 0 0 0
9 1 0 0 1

= From this table we can determine the relationship between each BCD bit and

the decimal digits in orderto analyze the logic.

« Bit of the BCDcode, A, is always a 1 for decimal digit 8 or 9. An OR expression
for bit Ajin terms of the decimal digits can therefore be written as: A; = 8+9;

« Also for others:

A, = 4+5+6+7; A, = 2+3+6+7; Ay, = 1+3+5+7+9
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= From these expressions we have the basic logic diagram ‘of a decimal-to-

BCD encoder as shown in Fig.
A;=8+Y
A, =4 +5+06+7

Aj=2+3+06+7

L LN =

8
Ag=1+3+5+7+9

L

¢*

An IL5B)

L]

._
>
) As

-_D— A;  (MSB)

= AO0-digit input is not needed because the BCD outputs are all LOW when there

are no HIGH inputs.

= The basic operation of the circuit.inFig. is as follows:
« When a HIGH appears on one of the decimal digit input lines, the
appropriate levels (il ol i) occur on the four BCD output lines.
o For example, if input.line 9 is HIGH (assuming all other input lines are
LOW), this“condition will produce a HIGH on outputs A, and A; and
LOWSs on outputs A, and A,, which is the BCD code (1001) for decimal 9.

Dr. Eng. Hassan Ahmad 30 July 2018
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Examnle 9'10 Show how the decimal-to-BCD encoder converts the
decimal number 3 into a BCD 0011.

Solution '~ l O\

b |
|

3

s [ LW N N
— CL =
L
L
>
L[ﬁ
I
]

The top two OR gates have ones as indicated with the red lines.
Thus the output.is 0011.

Dr. Eng. Hassan Ahmad 30 July 2018
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Examnle 9'“ For the decimal-to-BCD encoder logic of Fig., assume that

the 9 input and the 3 input are both HIGH.
a) What is the output code?
b) Isitavalid BCD (8421) code?

snlullnn l AN, (LSB)

p—

Led e

[
4
|-'.:'| ol & | 4,
7 & '

bt
} >— A;  (MSB)
Q - '

Ay Ay, and Ajzare HIGH. =2 A; A, A Ay = 1011, which is an invalid BCD code
because the BCD-1011.is represents the decimal number 11.
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9-5. Multiplexers (Data Selectors) (<Ll :al)

O A multiplexer (MUX) is a device that allows digital information from several
sources to be routed onto a single line for transmission over that line to a
common destination (slail=4gx 5).
= The basic multiplexer has several data-input lines and a single output line.
= |t also has data-select inputs, whichpermit (=) digital data on any one of

the inputs to be switched to the Qutput line.

 Multiplexers are also known as data selectors.
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O A logic symbol for a 4-input multiplexer

(MUX) is shown in Fig.

= Notice that there are two data-select lines
because with two select bits, any one of the
four data-input lines can be selected.

= |In Fig., a 2-bit code on the data-select (S)
inputs will allow the data on the selected data
Input to pass through to the data output.

= The operation of data selection for a\1-0f-4-
multiplexer is given in Table.

Data-Select Inputs
5 So Input Selected
0 0 Dy
0 | D,
I 0 D,
1 1 I

MUX
Data | Sp—=—
seleck W N
D, 0 ¥ Data
output
Bata | D, 1
mpuls | p. 7
\ D; 3

Logic symbol for a 1-of-4
data selector/multiplexer
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Multiplexing operation
 The data output is equal to the state of the selected data input.

 We can therefore, derive a logic expression for the output In.terms of the data

Input and the select inputs, as shown in Table.

The data output is equal to D, only if S, =0and S,=0:Y =D,S,S,.
The data output is equal to D, only if S, =0and S,=1:Y =D,S,S,.
The data output is equal to D, only if S,;=1and S, =0:Y =D,S,S,.
The data output is equal to D, only If.S; =1and S, =1:Y =D,S;S,.

 When these terms are ORed, the total expression for the data output is

Y = Dogls_o + Dls_lso + DZSIS_O + D38180

Dr. Eng. Hassan Ahmad 30 July 2018
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Y = Dos_ls_o + Dls_lso + DZSIS_O + D38180

 The implementation of this equation requires four 3-input AND ‘gates, a 4-
input OR gate, and two inverters to generate the complements of S; and S, as
shown in following Fig. (Logic diagram for a 4-input.multiplexer)

D,

D,

D;

Rlelole

(] Because data can be selected from any one of the input lines, this circuit is also

referredto as a data selector.

Dr. Eng. Hassan Ahmad 30 July 2018
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Example 9-12

The data-input and data-select waveforms. in Fig.(a) are

applied to the 4-input multiplexer. Determine the output waveform in relation to

the Inputs. D,! : 1| !
D, — | :
L — | |
| | | |
Dl I I I I I 5
=1 I ! | _
Dy 1 | :
“ + ¢ + | 1
| ]
Sp 0 | 0 0 I 0 .
|
| | | | | r— |
(@ S0 10 [ 010 I
1 | | |
| | | | | | | | |
| | | | | | | I |
| | | | | | ] | |
| | | | | | | | |
| | | | | | | | 1
| | 1
o v L1 [TASANK

L ME—
o, b

n,

N —
By Dy S D, D,

D5

D;

UH@;U

Y = DSS+DSS+DSS+DSS

The binary state of the data-select inputs during each interval determines which

data input is selected.

Notice that the data-select inputs go through a repetitive binary sequence 00,
01, 10, 11, 00,01, 10, 11, and so on.
Using the table of Multiplexing operation, the resulting output waveform is

hown in Fig.(b).
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9-6. Demultiplexers (&.Jsa))

O Ademultiplexer (DEMUX) basically reverses the multiplexing function.
It takes digital information from one line and distributes It:to-a given number

of output lines.

In other words, it switches data from one input line to'two or more data lines

depending on the select inputs.

For this reason, the demultiplexer is also known as a data distributor.

Fig. shows a 1-line-to-4-line
demultiplexer (DEMUX) circuit.
The data-input line goes to all of
the AND gates.

The two data-select lines enable
only one gate at a time, and the
data appearing’ on the data-input
line will pass through the selected
gate to the associated data-output

Data
input

Select
lines

b
ST
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Examllle 9'13 The serial data-input waveform (Data in) and data-select
Inputs (S, and S, ) are shown in Fig.
Determine the data-output waveforms on D, through D, for-the demultiplexer in

F|g Data T I I
. in — | ; ol Diata
I ! bnput ™
Sy | : * }“--
S e
I | | : | |
roror ’ - D
| | | | | | | I I » I
| : : : | : o ] 4l Data
I \ | n ¢ output
Ly 1 I ! ! ! 0 : ! : : Select ._D— p, | lines
D, : 1 : : : 0 : I lines # )
I | | | | | : .
| 1 |
py L o tol Uov T ""J*D 1
I T I i | 1 3 A
Dy 1 | 1 | .

snI“tlﬂn Notice that the select lines go through a binary sequence so that each
successive input bit is routed to Dy, D,, D,, and D4 in sequence, as shown by the

output waveforms in _
. Data-Select Lines
Flg S So Qutput Selected
0 0 Dy
0 1 D,
| 0 D,
1 1 D5
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Comparator
Decoder

Demultiplexer
(DEMUX)

Encoder
Full-adder

Half-adder

Multiplexer
(MUX)

Selected Key Terms

Connecting two or more similar devices in a manner that expands the

capability of one device.

A digital circuit that compares the magnitudes of two quantities and
produces an output indicating the relationship of the quantities.

A digital circuit that converts coded Information into a familiar or
noncoded form.

A circuit that switches digital data from one input line to several out-
put lines in a specified time sequence.

A digital circuit that converts information to a coded form.

A digital circuit that adds two bits and an input carry to produce a sum
and an output carry.

A digital circuit that adds two bits and produces a sum and an output
carry. It cannot handle input carries.

A circuit that switches digital data from several input lines onto a
single output line in a specified time sequence.

Dr. Eng. Hassan Ahmad 30 July 2018
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' L ) <@
[ruc/False Quiz
A half-adder adds two binary bits.
A half-adder has a carry output only.

A full adder adds two bits and produces two outpults.

A full-adder can be realized only by using 2-input XOR gates.

AR A

When the input bits are both 1 and the input carry bit is 1, the sum output of a full
adder is 1.

The output of a comparator is 0 when-the two binary inputs given are equal.

A decoder detects the presence of a.specified combination of input bits.

The 4-line-to-10-line decoder and the 1-0f-10 decoder are two different types.

© o N o

An encoder essentially performs a reverse decoder function.

10. A multiplexer is a logic circuit that allows digital information from a single source

to be routed onto several lines.

1. T 2. F 3. F 4. F 5. T
6. F 7. T 8. F 9. T 10. F
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Quuz

1. For the full-adder shown, assume the input bits are as 2. The output will be LOW 1f
shown with 4 =0, B=0, C;, = 1. The Sum and C_, will be
a. Sum=0 Cy =0 B_J) Po—
b.Sum=0C,, =1 |o—|a S I P b.4>8 AE—D Output
B2—:
¢.Sum=1C,=0 |o—B c. {8 Cu ¢ both aand b are Aa_,DD_,_D_
d.Sum=1C,y=1 1 _J Cofrect ?:
Cout ¢ ’ o—
d. A - B B4 —

3. If you expand two 4-bit comparators to accept two 8sbif'\, 4, Assume you want to decode the binary number 0011 with
numbers, the output of the least significant.comparatoris. .. 2 tive-1 OW decoder. The missing gate should be

a. equal to the final output
: ; a. an AND gate A,

b. connected to the cascading inputs of the most , u

significant comparator b.an OR gate 1 &

A._DOJV

c. connected to the output of the most significant c. a NAND gate

comparator Ay

d.aNOR gate

d. not used :
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Quuz

5. Assume you want to decode the binary number 0011 with 6. The 74138 is a 3-to-8 decoder Together, two of these ICs can

an active-HIGH decoder. The missing gate should be be used to form one 4-to4l6:decaderyTo do this, connect
a. an AND gate A a. ong decodet to the,LSBs of the input; the other
AD I v decoder to'the MSBs of the input
b. an OR gate 1 7 - _ \
Az_boJi brall chip select lines to ground
. a NAND gate A ¢. allhip select lines to their active levels
3
Lol s d.one chip select line on each decoder to the input MSB

7. The decimal-to-binary encedershown does not have a
zero input. This is because

a. when zere isthe input, : E}—)_ Ay

b

all lines should besLOW

: ; y A
b. zero 1810t important -_—1_>_ !

c. zero will produce
tllegal logic levels

Lad

=] G - Zh Lhda

d. ‘another encoder 1s used
for zero
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Quuz

8. If the data select lines of the MUX are S,S, = 11, the

output will be
a. LOW .
S—& e
Data { ~¢
b. HIGH select\ S17T] 1)
c. equal to D, D, 0 [ Data
Dati 1—11 output
d. equal to D, il gﬁ g
9. The 74138 decoder canialse b€ used as Answers:
WCETS!
a. an encodet lLc 6.d
b. a DEMUX 2.¢ 7. a
c.a MUX 3.b 8. d
d. nene of the above e b
5. a 10. b
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Problems & Solutions

Pml], 6-1 For the full-adder in Figure, determine the logic state (1 or 0) at each
gate output for the following inputs

D L=A@B)@® Gy

b) A=0, B=1 C_=1 Cin
c) A=0, B=1 C =0

j A DB,
Sol )
||

(a) XOR (upper) output = 0, Sum output = 1, AND (upper) output = 0,
AND (lower) output = 1. Carry output = 1

(b)  XOR (upper) output = 1, Sum output = 0, AND (upper) output = 1,
AND (lower).output =0, Carry output =1

(c) XOR (upper) output = 1, Sum output = 1, AND (upper) output = 0,
AND/(lower) output = 0, Carry output =0

Dr. Eng. Hassan Ahmad 30 July 2018
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Pmll, 6-2 Determine the outputs of a

Inputs:
a) A=1, B=0, C_=0;

b) A=0, B=0, C, =1
c) A=0, B=1 C,_ =1,

d) A=1 B=1 C_ =1

full-adder for each of ‘the following

(A D B,

j > E=(AE R ®Cy
} Con=AB +(A® BIC,

(b)
(d)

j AB

E=1:- lf:'cru'r=ﬂ'
2=1,Cu=1

Dr. Eng. Hassan Ahmad 30 July 2018
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th. 6'3 For the parallel adder in Figure, determine the complete sum by
analysis of the logical operation of the circuit. Verify your result by. longhand
addition of the two input numbers.

A BC, A BC, A B Cy
':.'-'-DIH E' Cl.'lﬂl E E-DIH E'

11 ' 11

1
A B Cy A B Cy, A B G| -
C ot b2 Cout Z C ot z
5, T, z, T,

longhand addition

111

111
l{]l
1100

Dr. Eng. Hassan Ahmad 30 July 2018
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th' 6'4 The input waveforms in Figure are applied to-a. 2-bit adder.
Determine the waveforms for the sum and the output carry in relation to the
Inputs by constructing a timing diagram.

A | | [ I
: i I I L
| i | | |
A, | | [ |
e — 1 | i I -
[ [ I [ | | I I [
By 1 L I
| I I | | | I I |
|
B, | L
| | I [ i i |
> L
Sol e
L | : ¥ L] s L " ' W :
L] i l ] : I
A, S : — : ! I
B, 3 i § | 7
i '—i ]
{1III : E ——
X, | -'
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The following sequences of bits (right-most bit first) appear on the
Inputs to a 4-bit parallel adder shown in Fig. Determine the resulting sequence

of bits on each sum output.

Ay By A; B, Ay B 4, B,
A 1010
Ay 1100
Ay 0101
Ay 1101 A B Cy AEBC, A BC, A B C,
B, 1001 (MSB)| FA4 FA3 FAZ FAl
B ) lﬂ 1 1 Cﬂﬂt - an 2 {.nut ) L"'m L
B, 0000 N\ ‘ . ‘ - ‘ . ‘
B 0001 . : L ;
X5 X4 X3 Xy X 2;=0110
0 1 0 1 0 ¥, =1011
0 0 1 1 1 23=0110
00 1 0 1 Z4= 0001
L 25 = 1000
Dr. Eng. Hassan Ahmad 30 July 2018
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th- 6'6 The waveforms in Figure are applied to the comparator as shown.

Determine the output (A = B) waveform.

COMP
’ﬂ-n_ l_ 1, —=10
| | A
| | | | [ | A=BFH—
n_ L [T T R
| | | | | | B
B, | l Bi—1

“TheA=B output is HIGH when A, = B, and A, = B; .

,
=

Dr. Eng. Hassan Ahmad 30 July 2018
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th' 6'1 If the input waveforms are applied to the decoding logic as indicated
In Figure, sketch the output waveform in proper relation to the inputs.

—1 N\ v
—

i
G

Y= AzAlz + AEI]AG + A_zfllg

A

0

— —

Dr. Eng. Hassan Ahmad 30 July 2018



th' 6'8 A 7-segment decoder/driver drives the display in-Figure. If the
waveforms are applied as indicated, determine the sequence of digits that
appears on the display.

BCD/7-seg
A |
| | | [ | | a by
| | [ [ 1 | —
Al | [ [ 1 | i, — 1 b
| | I I | |
h | A T P e
: | | : : ——t——— A, — 14 d ' '
| | | I Ay |8 o
Ay | | | 1 . ‘P S
SOI e
|
fp

016 944480
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th. 6'9 If the data-select inputs to the multiplexer in Figure are sequenced
as shown by the waveforms in Figure, determine the output waveform with the
data inputs:

D(]z 1, Dl =1:LD3 =ﬂ..ﬂ'_1.= ]..5[]='].SJ =,

D, —

0
1
I I Dy —— 0
1
2
3

Dy —] 3
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QUESTIONS

The endrof Lecture_09,
chapter 6
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