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Introduction to combinational circuits:

A combinational circuit is the digital logic circuit in which the output depends on the
combination of inputs at that point of time with total disregard to the past state of the
inputs. The digital logic gate is the building block of combinational circuits. The function
implemented by combinational circuit is depend upon the Boolean expressions. On the
other hand. Sequential logic circuits, consists of both logic gates and memory elements
such as flip-flops. Figure below shows the combinational circuit having n inputs and m
outputs. The n number of inputs shows that there are 2*n possible combinations of bits at
the input. Therefore, the output is expressed in terms m Boolean expressions.

Sequential Circuits

Sequential Circuits: Consist of a combinational circuit to which memory

elements are connected to form a feedback path. The memory elements (Flip-
Flops) are devices capable of storing binary information within them. This binary
information at any given time defines the state of the sequential circuit.

¢ Outputs depend on inputs and previous values of outputs

¢ Outputs depend on previous state of the circuit

o State is stored in memory elements (registers, latches, flip flops)
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Adder

It is a combinational circuit that performs arithmetic addition according to the binary
addition rules. There are two types of adder: half adder and full adder.

Half- Adder

It is a combination circuit that performs the arithmetic addition of two bits. This circuit
needs two binary inputs and two binary outputs. The input variables consist of the two
binary bits to be added; and the output consists of the sum of these two bits and a carry
bit. When adding two binary numbers whose sum is greater than one bit in length, a carry
must be generated (a one added to one results in sum of zero and a carry of one).
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The truth table that identifies exactly the function of half adder is shown in table

A B Cout Z
0 0 0 0
0 | 0 1
| 0 0 1
| | 1 0

Half adder truth table
The simplified Boolean function for the two outputs
can be obtained from truth table. The simplification of
the outputs of half adder are:
S=AB+ AB
S=A @B
The Carryout : C = AB , The half adder circuit is figure

S DL
B e 3 D_. C
Full Adder

A full adder is a combinational circuit that performs the arithmetic sum of three input
bits. It consists of three inputs and two outputs. Two of the inputs variables, denoted by A
and b, represent the two bits to be added. The third input, denoted by C, represents the
carry from the previous lower are the position. The two outputs sum and carry.

Input Output
A B C Sum Carry
0 0 0 0 0
0 0 | | 0
0 | 0 | 0
0 | | 0 |
1 0 0 | 0
1 0 | 0 |
1 | 0 0 |
1 | | | |

Full adder truth table
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The implementation of full adder can be done by using the following Boolean functions.
S=A®B®C,
C, = AB+(4+B)C,
Sum = ABC+ABC+ABC+ABC
= A(BC+BC)+ A(BC+AB)
=AB ®C)+AB® ()
=A® B @C.

Carry = ABC + ABC + ABC + ABC
= C (AB +AB) + AB(C+()
=C (AGB) + AB(1)
=C(A®B)+AB

Full binary adder can combined from two half adder taking the OR of their carry with the
sum of the second being as the output. The circuit of full adder is shown

D
il 7 D_.:Sum
Cine

Carry

Full adder circuit

Binary parallel adder 4-bit full adder
A binary parallel adder is a digital circuit that generates the arithmetic sum of two binary
numbers in parallel. It consists of full adders connected in cascade, with the output carry

from one full adder connected to the input carry of the next full adder. Fig show the 4- bit
binary parallel adder.
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Subtractor

The Subtractor is a combinational logic circuit that performs the arithmetic subtraction
operation of number. There are two types of Subtractor: half subtractor and full
subtractor.

Half Subtractor

A half subtractor is a combinational circuit that subtracts two bits and produces their
difference. It has two outputs. One output generates the difference and will be designated
by the symbol D. The second designate B for borrowed. The truth table for the half
subtractor is shown in table The Boolean functions for the two outputs of the half
subtractor are:

The question for differential

D-AB+AB=A ® B XOR

B=A .B .l s AND

; B
Input Chatput : o
A B Bo Di N
0 0 0 0 . D
0o 1 l | }D—.
1 0 0 1
| | ] ]
Half subtractor truth table The logic circuit of half subtractor

Full Subtractor

A full subtractor is a combinational circuit that performs a subtraction between two bits,
taking in account that a 1 may have been borrowed by a lower significant stage. This
circuit has three inputs and two out puts. The two outputs, D and B, represent the
difference and borrow, respectively. The truth table for the full

subtractor is shown in figure

HS HS
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The logic circuit of Full - subtractor

The two outputs of the full subtractor are:

D=A ®BD

Bi

B, =B +(A ®B)as
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Input Output
A| B| Bi D Bo
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 0
1 1 0 0 0
1 1 1 1 1

Full subtractor truth table
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Digital Comparator

4 bit Full - subtractor

The comparator is a numerical circuit whose function is to compare two or more binary

quantities for the purpose of finding a relationship between these two.

The two quantities. The comparison indicates whether these two quantities or binary
numbers are equal or different. An XNOR gate is a basic comparator, because its output
is "1" only if its two input bits are equal. For more on the comparison process, we can
design a circuit containing two inputs to compare two numbers that make up each one

They have 1 bit and 3 outputs, each of which indicates whether the first bit is greater

than, equal to or less than a bit The second is what is shown in the figure:
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X=4R+AB=4A&E

[

Y=4B
Z=AB
A A o e X- ATB
Comp. Y = A<B
B 7= A>B
\
X Y Z
A B A= A<B A>B
>C 3—0' 0 0 1 0 0
0 1 0 1 0
| 0 0 0 1
D_"Z 1 1 1 0 0

>0

Logic circuit for comparator

4- bit comparator

Determine the A = B, A > B, and A << B outputs for the input numbers shown on the
comparator in Figure -

pPRreom PPrPr

Truth table 2 bit cpmparator

COMNMP

A>B
=B

A<B

The number on the A inputs is 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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Decoder 34l Jlaa

Sl sie L a8y g il S ) Jaall Boaae AAE LS ol dae 3 a5 RIS B Iy A i) ol saa
23nall Gl 13 395 pae ol asa g ) S AU HLE) (e 5 e g Al

A decoder is a combinational circuit that converts binary information from n input lines

to a maximum of 2" unique output lines. If the n-bit have less than 2" outputs.. The

decoders represented here are called n —to —m line decoders.

The AND gate can be used as a basic decoder circuit, since the AND gate's output will

be a binary one only when all inputs are binary one. Proper connections of AND gate's inputs

to the data will ensure detection of any binary number.

n 1~ 1M n—fto—m

211
Inputs I::> decoder [ = Line decoder

The Basic Binary Decoder

Suppose you need to determine when a binary 1001 occurs 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 of its inputs are HIGH. Therefore, you must make sure that
all of the inputs to the AND gate are HIGH when the binary number 1001 occurs; this
can be done by inverting the two middle bits (the 0s), as shown in Figure

(LSE)

X=A3A.4,4,

| ——— A,
? (MSB)

(a) (b)
Decoding logic for the binary code 1001 with an active-HIGH output.

The logic equation for the decoder of Figure (a) is developed as illustrated in Figure (b).
You should verify that the output is 0 except when Ap=1, A; =0, A, =0,and A3 =1 are
applied to the inputs. A is the LSB and Az is the MSB. In the representation of a binary
number or other weighted code in this book, the LSB is the right-most bit in a horizontal
arrangement and the topmost bit in a vertical arrangement, unless specified otherwise. If
a NAND gate is used in place of the AND gate in Figure, a LOW output will indicate the
presence of the proper binary code, which is 1001 in this case.

Example:

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

Solution

The decoding function can be formed by complementing only the variables that appear

as 0 in the desired binary number, as follows:

X:A_ﬁ:,"‘l];"‘li) “Dl])
This function can be implemented by connecting the true (un complemented) variables
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Ao, A1, and Az directly to the inputs of an AND gate, and inverting the variable A,
before applying it to the AND gate input. The decoding logic is shown in Figure

Decoding logic for producing a HIGH output when 1011 is on the

:u-\.
N

Do 4 |Ds D2 D
PRI R D;::ZE:J' —— Dn PETREE 0 0 0 0 0 0 1
e 4 ———D, Ok 110 110 0O 1 0
Ds 2 1 0 0 1 0 0
311 11 0 0 0
(2-to-4 Decoder) Active High
4 4 4 4

v ¥ v |y
1 D= Mk )
[ = Aia [ —
m P =Py
D—

!_/f—Ds =A1 Ao

2 - 4 bit - decoder (Active HIGH) 2 - 4 bit - decoder (Active LOW)

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
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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. A list of the
sixteen binary codes and their corresponding decoding functions is given in Table

Decimal Binary Inputs Decoding QOutputs

Digit Ay Ay A Ay Function o0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 o 0 0 0 AAA A, 0 1 1 1 1 1 1 1 1 11 1 1 1 1 1

1 o 0 0 1 AAA A 0 1 1 1 1 1 1 1 1 1 1 1 1 1

2 0o 0 1 0 AAA A, 11 0 1 1 1 1 1 1 11 1 1 1 1 1

3 0o o0 1 1 A3ALA A, I 1 10 1 1 1 1 1 1 1 1 1 1 1

4 0o 1 0 0 A3ALA A, I 1 1 10 1 1 1 1 1 1 1 1 1 1

5 0o 1 0 1 AA-A 4, 11 1 1 1 0 1 1 1 11 1 1 1 1 1

6 0 1 1 0 AAA A, 11 1 1 1 I 0 1 1 1 1 1 1 1 1

7 0 1 1 1 A3A2A 1Ay I 1 1 1 1 1 10 1 1 1 1 1 1 1

8 1 0 0 0 AsALA Ay I 1 1 1 1 1 1 I o 1 1 1 1 1 1 1

9 10 0 1 AsALA A, I 1 1 1 1 1 1 1 10 1 1 1 1 1 1
10 10 1 0 AGA A, 11 1 1 1 1 1 1 1 10 1 1 1 1 1
11 10 1 1 AsAA Ay 11 1 1 1 1 1 1 1 1 1 0 1 1 1 1
12 1 10 0 AsAA 14y I 1 1 1 1 1 1 1 1 1 10 1 1 1
13 1 10 1 AsAsA Ay 11 1 1 1 1 1 1 1 11 1 10 1 1
14 1 1 10 AsALA 4, I 1 1 1 1 1 1 1 1 1 1 1 10 1
15 1 1 1 1 AsAA A, 11 1 1 1 1 1 1 1 11 1 1 1 10

Decoding functions and truth table for a 4-line-to-16-line (1-0f-16) decoder with active-LOW outputs.

If an active-LOW output is required for each decoded number, the entire decoder can be
implemented with NAND gates and inverters. In order to decode each of the sixteen
binary codes, sixteen NAND gates are required (AND gates can be used to produce
active-HIGH outputs).

A logic symbol for a 4-line-to-16-line (1-of-16) decoder with active-LOW outputs is
shown in Figure. The BIN/DEC label indicates that a binary input makes the
corresponding decimal output active. The input labels 8, 4, 2, and 1 represent the binary
weights of the input bits (2°222'2°)

==

BIN/DEC
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Logic symbol for a 4-line-to-16-line (1-of-16) decoder
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Application of Full-Adder and Decoder
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A voting system using full-adders and parallel binary addars.

In Figure each full-adder can produce the sum of up to three votes. The sum and output
carry of each full-adder then goes to the two lower-order inputs of a parallel binary adder.
The two higher-order inputs of the parallel adder are connected to ground (0) because
there is never a case where the binary input exceeds 0011 (decimal 3). For this basic 6-
position system, the outputs of the parallel adder go to a BCD-to-7-segment decoder that
drives the 7-segment display. As mentioned, additional circuits must be included when
the system is expanded. The resistors from the inputs of each full-adder to ground assure
that each input is LOW when the switch is in the neutral position (CMOS logic is used).
When a switch is moved to the “yes” or to the “no” position, a HIGH level (VCC) is
applied to the associated full adder input
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Encoders idwll

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 converts it to a coded output,

. {Code Converters) s _adll &Y saeS Lgalaainl o 4 ) Sle ghaiadl 3 duahaiadl Gl gall Slaladind sl o)
. 1:14._14 ;_ru._.n] i ".;' )....:J?- I g _)..'\.c. J._-i;..:.'ll_s 4_"‘\_.:3\_3 E‘;ﬁjt Lt aladi O P e | | ,g..._l 2

A sl A gllall e Galll e A Aad 1 aaill e W e 5 A5 IV Cilanlal) ) (3 i el alana )
aed O Gt e il (e ) Zua (051) AU QL Y ae Jatd (Jalaf ) Leiay A ) 6 jea e ¢ Apd )
S AT e dipaill Ay )5 s il 30000 Y pae O ) 1]y JliaW 5 laal gl (g Ay gl AL
S, Ay 4l

Encoder CPU Decoder .Jllllll:lllllll:llllllll;ll‘
SR = et
s —_— | ] H
e gl 5k s C =L
Decimal Displa
) AdLs

dagd o Sl ) QS 33l o) Cua s el ciludal) gaal Jal ya Tovadl aglagil a6 Laads
Dadall A duulall Aalal) (CPU) 4 S yall datleall 3as g9 C.:\S‘M\ dagl G «(Keyboard) Axalil) Cwl.u]\
5i0 o)) peiall da gl 51y an) e Laaall ddand gy allanl oy (A g pkall el den i B ) 138 agh Cua
Asi K& o AT gl Sy g AIAN AR 5 AN o Vi Al A58 sl MM i g 5 3 A8
A S pall dadladl) sas g (e Aa lald) 45U 5,800 638 daa i (Decoder) soadll o b aay a8y AU
el ) WiSay g A g i) 3RS llan jie (e 3 e RN Dlag Jidll ) o A il 02 B g 4y ple 300
mﬂ‘ue}gﬁaaﬂﬁume)m Q\J&L’J\J)\A‘m\ ¢ 4.1‘}“4.:_‘9_“ M\MJAM‘)_:M slal a4l d_lc_)s:m]\
el dsd A A e

50 5 yadl Mo 3,305 Jae usme 6355 ol YL 138155 Lilaia 5,805 e 35lie 5o 2l
Joms « HSLb @B of §rdie @B Jon (digil) @2 Sims das (& Loslasdl oo sue e 5)lie aill
el Il gy g Bakiell S0l 5285 o Ll st ol padilly . SLEN Jaoyaiin 753 J) al2,¥1 o0s
ouadall Tlee lgule Gllay yaall (o2l J) ssbiall slae¥ls joa )l oo Jogill Lilee
Lefolmn | Lileidl aley ¥l S o fia 3,800t GBgniall dalaiell mgs (JCAN
Il AL salenll fies zylis BB J5 e il 4 addl . SLEI



Octal inpu
digits

<

Digital Electronics
Second class

D; 4
D, 8 -to-3

4’ 5
line encoder

A Binary
L . ]
Dy 1

outputs

————» 4>

Logic symbol for a Octal -to-Binary encoder
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Logic circuit for Encoder
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Lﬁ]‘ A, A, A,
D, |0 0 o
D, 0 0 1
D, o 1 o
D: o 1 1
D, 1 0 0
D 10 1
D, 1 1 0
D, 111

Truth table for Octal -to-Binary encoder

From the truth table we get :
"12 :D4 +I)i + Da‘ +D7

4‘1] :Dg +I); +D0 +D7
“510 :DI +I); + D_q +D7

1) If the outputs is 1 ,what is the Binarty code appear in the input for each gate ?

Ap
Ay

A 2

AA. 3
A

Ay

A

As
B

. If a 1-of-16 decoder with active-LOW outputs exhibits a LOW on the decimal 12 output, what

are the inputs?
{a) AzA.4,4 = 1010
() AsdA 1A = 1100

(b) AzdA 4y =
(d) AzA>4,A

1110
0100

Show the decoding logic for each of the following codes if an active-HIGH (1) output is

required:

(a) 1101 (b) 1000

(c) 11011

(d) 11100



