Digital Systems
Section 2

Chapter (4)

STUDENTS-HUB.com Uploaded By: 1230358 @studenpirzeiteehidi



20
24

Logic Circuits

In Digital Systems, Logic circuits can be categorized as or sequential

Circuit
Circuit made of logic gates only and perform an operation that can be specified
logically by a set of Boolean functions.
Circuit output at any time are determined only by the current combination
( ) of inputs.

Sequential Circuit
Circuit is made of storage/memory elements and logic gates.
Circuit output depend on the current combination of inputs and previously
stored values.

Logic Circuits

r I
Combinational Sequential
E— I Inputs ———» ) > Quiputs
> o R Combinational
n inputs — > Coml?maponal — > m outputs - FREoS »|  Memory
circuit elements
E— —>
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Combinational Circuits

A logic circuit is combinational if its outputs at any time are a function of only the
inputs

A combinational circuit is an interconnection of logic gates only

A combinational circuit does NOT have

A combinational circuit is a block of logic gates having:
ninputs: x4, x, ... , x,,
moutputs: fy, f> ..., fm
Logic Gates and wires
For n-input variables, there are 2" possible
There are m-outputs, and m can be than n.
Each output variable can be described with a Boolean function expressed in terms of input variables

Block diagram of a combinational circuit

—_— ®
— ) . >
. Combinational
n mputs — > o — > m outputs
. circuit :
e e
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Combinational Circuit Analysis & Design

For any logic circuit, there are two main activities: analysis and design.

Analysis: Examine how the circuit behaves by based on
given inputs and logic gates.

Circuit/Logic Gate — Boolean Expression/Truth Table
Design: circuits that deliver the desired outputs by using logic gates and
Boolean expressions.

Desired Outputs/Truth Table — Boolean Expression — Circuit/Logic Gates
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Analysis of Combinational Circuits

Analysis determines the that a circuit implements

Given: a logic circuit

Desired: A description of the circuit either in the form of:
Boolean functions
Truth tables
Simply an explanation of the circuit

5STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



20
24

Analysis Procedure

Obtain Boolean expression/function from logic diagram

Make sure that the given circuit is and NOT sequential. The diagram of a
combinational circuit has logic gates with NO feedback paths or memory elements.

Label all gate outputs that are a function of input variables.
Obtain Boolean function for

Label all gate outputs that are a function of input variables and gates.
Obtain Boolean function for each of these gates.

Repeat step (3) until the outputs of the circuit are obtained.
Substitute of previously defined variables to obtain the output Boolean functions in terms of

Convert and/or simplify the resultant Output functions to the final form (SOP, POS,
SOM,POM) using previously explained methods (Algebraic Manipulation, Expansion, K-Map)
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Analysis Procedure

Example:
v A=\
Label all gate outputs that are a function of input c — Fi
variables. ( F>) :
Label all gate outputs that are a function of input QD il
variables and gates. (7-) €
Repeat step (3) until the outputs of the circuit are -
obtained. (F1) {>°p1 } '
Substitute > F, (A,B,C) I
- o
A ﬁ P
o — |/
Two outputs of this combinational circuit Fy, F, B
First find F, c —}

Next find
Finally, find F,
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Analysis Procedure

Example Cont.:

F» = AB+ AC + BC v = =
T]_:A—|—B+ C, T2:ABC A—P, T
-

/ No need to find T1 as a function of
T3 — F 2 T1 input variables only, because it is
an intermediate gate output

sisls

Fr=T3+ T>
= F,T1 + ABC = (AB+ AC+ BC)(A+ B+ C)+ ABC
= (A +B)A+CNB +C)A+B+ C)+ ABC

ssrupEnfs BGe bV B'C + AB'C' + ABC ¥
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Analysis Procedure

Extra Example:

T, =BC

T,=(A'D)=A+ D'

Ol >

O

I,=(AT,)=A+T,=A+ AD=A+D
T,=A'+T,=A"+ BC

F=T,T,=(A+ D)(A'+ BC)= AA' + ABC+ A'D+ BCD
=ABC+ A'D+ BCD=ABC+ A'D v

G=T,T,=(A+ D')(A'+ BC)= AA"+ ABC+ A'D' + BCD'
=ABC+ A'D'+ BCD'=ABC+ A'D'
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Analysis Procedure

Obtain the Truth Table from the Logic Diagram

Prepare the truth table for i input variables and 2" input combinations

Label all gate outputs that are a function of
Fill in the truth table for these outputs

Label all gate outputs that are functions of input variables and
Fill in the truth table columns for these outputs

Repeat step (3) until the for all the outputs are obtained
Simplify the obtained Output Function using K-Map ( )
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Analysis Procedure

Example:

Analyze the below logic circuit by establishing the ’

truth table for F, and F,. A B C F2 F2 B T T3 Fy

A S 7 0 0 0 0 1 0 0 0 0

¢ J r() 0 1 0 1 | 0 | 1

AE=N 0 1 0 0 | 1 0 1 1

5 — 1P B 1 i 1 0 1 0 0 0

" | 0 0 0 1 1 0 1 1

Do, - i @& & || 1 0 1 0 0 0

A 1 1 0 1 0 1 0 0 0

L §f 1 i 1 0 i d 0 1

D

oD
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Analysis Procedure

Extra Example:

Inputs
Analyze the below logic circuit by establishing the A|B|C|D|Th|L |I3|T,|F|G
truth table for F and G. 0 0 0 0 0 1 0 1 0 1
0]lo o | 1lolo[1 11 ]o0
olo [ 1 lolol 1ol 1 lo]1
) T, 0 o0 |1 1o o 1|1 ][1]o0
* I>> :)‘ F 0 1 0O 0] 0 1 0 1 0 1
B — ) T ol 10/ 1]07]o0]1 1 1 | 0
c — L = >—— 01 |1 ]lol1]1]lol1]l0o]1
o1 [ 111t lol1]1]l1t]o
D D) > 6 [ 1 ]Jolololo[t[tlollo]o
. trlolol 1 Tol1T1TToTllo]o
‘ 1ol 1 lTolol1]1]To]lo]o
1ol 1 {1 lol1l1]Tollo] o
11 JTololol1[1]ollo] o
I 1ol 1ol 11 ]ollo] o
11 1ol 1111111
IR
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Design of Combinational Circuits

Design involves the specifications of and the creation of the
according to these specifications

Specification
Describe the problem
Specify the of inputs and outputs
Assign a to each input/output
Formulation
Convert the specification into for outputs
Logic Minimization
Derive a Boolean function for each output as a function of inputs and these
functions using or Boolean algebra
Technology Mapping
Draw a logic diagram using logic gates/functional blocks
Verification
Verify the of the design, either manually or using simulation
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Design of Combinational Circuits

Example: Design a circuit that takes BCD and convert it to excess-3

Specification
Describe: Convert BCD code to Excess-3 code.

Specify: Input: 4-bit BCD code , Output: 4-bit Excess-3 code
Assign: BCD input: , Excess-3 output:

Formulation Inputs (BCD Code) Outputs(Excess-3)
Done easily with a truth table A B C D w | x y A
Note: Output is for 1010 to 1111 0 0 0 0 0 0 1 1

0 0 0 1 0 1 0 0
0 0 1 0 0 1 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 | 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
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Design of Combinational Circuits

Example Cont.: Design a circuit that takes BCD and convert it to excess-3

Logic Minimization using K-maps
4 outputs - 4 K-Maps

B B B B
(}{ X || X xw | | X I X | X X § X X [|X X i X X | X X
A . - A A A A
3 3 1 X || x 3 1 X
Ll R XJ | [1][x]] x| | — | +— D
| ' ] 1 | . v —
L ! D
D D 1
w= A+ BC+ BD x=B'C+B'D+ BCD V=CD+CD' -
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Design of Combinational Circuits

Example Cont.:

J K-map for w K-map for x K-map for y K-map for z
C
N\ 00 01 11 10 00 01 11 10 00 01 11 10 00 01 11 10
00 L [ ]] 1 [|ff 4 : : 1
=
ot (1 [[1)] 1){|[4 1 1 1 1

1] (x O] ] x [ x| x ([ x]] x {{x]] x || x|| x| X
toll1 | 1] x

X
|1 [IX]] x| x| x || 1 X [|x

Minimal Sum-of-Product expressions:
w=a+bc+bd,x=>bc+bd+bcd,y=cd+cd ,z=d
Additional 3-Level Optimizations: extract common term (¢ + d) | poubke

DeMorgan’s Law
w=a+b(c+d),x=b'(c+d)+b(c+d) ,y=cd+ (c+d) [t
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Design of Combinational Circuits

Example Cont.: Design a circuit that takes BCD and convert it to excess-3

Technology Mapping (Draw a logic diagram using ANDs, ORs, and inverters)
w=a+b(c+d),x=b'(c+d)+b(c+d) ,y=cd+(c+d),z=4d

I>GJ’J' 2

;f]_ J/\ CD | [\\ _,.

L:: E (C+5) When multiple outputs exist, it is common

_ practice to optimize their functions to create
common gates across them, even if this
leads to nonstandard forms.

B .

ﬂ_
o] | —
—\\)_

. - .
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Design of Combinational Circuits

Example Cont.: Design a circuit that takes BCD and convert it to excess-3

Verification
Can be done

Extract output functions from circuit diagram
Find the truth table of the circuit diagram
Match it against the

Verification process can be

Using a simulator for complex designs
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Standard Logic Circuits

There are several circuits that are employed extensively
in the design of digital systems.

These circuits are available in integrated circuits and are classified as

. They perform specific digital functions
commonly needed in the of digital systems.

Most important standard combinational circuits
Adders and Subtractors
Comparators
Decoders
Encoders
Multiplexers
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Half Adder (HA)

A combinational circuit that performs the addition of is called a
Recall that Obtain the simplified Boolean functions.

0+0 = 0and carry of 0
O+1= 7 and carry of 0
1+0= 1 and carry of 0
1+1= 0 and carry of

S=xyY+xXy=xdy
C =xy

==
—_ O = O -
Q== O “

Inputs: 2 bits (x, y)
Outputs: 2 bits (Sum, Carry)

\ O S

y
% ‘ J—c
=xy' +x'y S=x@Dy

S
C = xy C=uxy
2B8TUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili




Full Adder (FA)

A full adder is a combinational circuit that forms the arithmetic

Inputs: * bits vz y vz y
E‘i’;’sot';itseédségegiﬁca”t input 8010 1 A A
Third bit &> carry from the 0 i i 1 i i 1 0 i ii m31 i
stage
Outputs: ~ bits 1 i { L ! i { . i : :
Sum (S) ” v
Carry (C) 3 Z Z
» y = C s S=x'vie +x've’+ 37’2 + xy2 C=xy+xz+yz
0 0 0] 0 0 4 )— 4
O O 1 O 1 x' — e
0 1 0 0 1 - .
0 1 1 1 0 L 1 ‘
1 0 0| o 12 =D
1 @ 1|1 B 1 )—
1 1 o0 |1 0 ===
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Full Adder (FA)

Manipulate the expressions of S,C to get more forms
cC s |
— T S =3(1,2,4,7) C=3(35,6,7)
o 0 1|0 1 = X'y z+ X' yZ+xy Z+xyz = Xy+ XZ+ yzZ
o 1 0|0 1 |
8 o 1|1 O =(x"yY+xy)z+(x;y+ xy')z =X yz+ Xy z+ xy
1 0 o0 |0 1 ' '
: 8 1171 =(x® y)'z+(x® y)7 - =(x'y+ xy')z+ xy
S - =(x® y)Dz =(x® y)z+ xy
B ————————————— I~~~ 1
i 1 whiil s . xPBy)Dz
y ) ] 35

i('tE?y}z (xPy)z + xy
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Full Adder (FA)

Utilize the Standard

circuit to build

X s0 'S
y HA cO HA :
Z |
2S5 TUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili



Functional Blocks (Cells)

Practical Arithmetic/Logical Functions

Bitwise Operations: Perform operations on binary bit vectors (e.g., adding,
subtracting, multiplying). Each bit position can utilize the same basic
, allowing for consistency across operations.

Modular Design Approach: To simplify the complexity of handling large
inputs and outputs, design a (cell) for each
bit. This block can be replicated (iterative array) to create larger functional
blocks for overall operations, facilitating more manageable and efficient circuit
design across various arithmetic and logical functions.
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Binary Addition (Recap)

The process of addition proceeds on a bit-by-bit basis, , beginning with the
least significant bit (LSB)

Include the in the addition

carry 1 1 1 1
0|01 10 1/1]0]| (54)

+ [0oj0|0 111 0 1] (29

o[1/0 1]/0/0 1 1] (83

bit position: 7 6 5 4 3 2 1 0
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Parallel Binary Adder

A is a digital circuit that produces the
arithmetic sum of binary numbers

We can construct it by cascading ~“s. We need n-FA for an n-bit
number

Each FA adds = bits: A, B,, C. - producing: S; and C,,,
(C : Carry in, C,, : Carry out)

For 4-bit numbers A+ B = A3A2A1Ap + B3B>B1 By

B;  Aj by A B, A By A right to left
0 T T T A A A A e
l'.ﬁﬁ r—_lz {ﬁl
FA - FA e FA Ea— FA -
b l i l
C, -3 5 E £
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Parallel Binary Adder
E ple:
S Subscript i: 3 2 1 0
A=1011 | 0 1 1 C
nput carry Damm— a 0 I.
B =0011 Augend 1 0 1 1 A;
Addend 0 0 1 1 B,
Sum 1 1 1 0 S;
Output car 0 0 1 1 C;
’ = O Q Q Q . right to left
(——————
0 1 0 O : q
By 43 B, A B, A By A
& &) G :
FAR S ———1 A e— 4 e——— R e——— G
0 1 1 0
0 1l 1 l 1 l Ol
Y

& S S, S S
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Parallel Binary Adder

The four-bit Parallel Adder is a typical example of a standard component. It
can be used in many applications involving arithmetic operations

Observe that the design of this circuit by the classical method would require a
truth table with 2% = 512 entries ( n=9 : AjA;A,A; B,B,B,B;C;)

It becomes possible to obtain a simple and straightforward implementation by using

the previously mentioned to construct iteratively the 4-bit
Parallel Binary Adder using of the Full Adder (FA)
This Parallel Binary Adder is commonly known as Binary Adder
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Binary Adder & Carry Propagation

The sum bits are readily

We need to wait for the (C,) to be calculated ( )
Each gate needs some time to produce output

Two gates (one AND & one OR) are used to generate each carry bit

For a four-bits Adder, C, is generated using (2 x 4) gates

This Carry waiting time is called and it limits the speed of overall
computations
az b, a, b, a; by g Dy
VU iy JU VU
s D T U == B =Y -
§ ! ! 1]
1 1 1 AN

' :: :; :: . Cd Co

n I - i - i - I
I = " — I
| 1 1l
T
I il 1l
I 1 il I
C ! 1 1
A e Y e b
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Carry Propagation

the Carry Lookahead Logic.

The most widely used method to reducing the carry propagation in a parallel binary adder is called

3G TUDENTS-HUB.com

LLINNE siniagder o SUGLREE
A; : * \_\ P; i i . !
B, -9 l_/ | B ‘]_\P'@C’ 5
| : - |
| G: | i |
i D—r ! : - ; r\!, e
B comrromecceresrermm OO CHIE DRRTUARREIA AR AR
P, = A;®B; Carry Propagate
G; = A;.B; Carry Generate (C,, =1 if G=1)
SI = PiEBC,; OUtpUt Sum
Ciy1 = G; + P;C; Output Carry
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Carry Lookahead Logic

Write the Boolean functions for the Carry outputs of each Cit1 = Gi + PG

Co = input carry
C1 = Go + PyCo
Ce =G1+ PiCh
= G1 + Pi(Go + PoCh)
= G1+ PiGo + PARPyCo
Cs =G+ PGy + PobP Gy + PP PyCy

Note that P’s and G’s are functions of A’s and B’s ( )
ALL carries are dependent on the (C; does not have to wait for C, and C; to become

available; C; is propagated at the SAME TIME as C, and C,).
This SPEED GAIN is traded off with increase in (No. of Gates)
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Carry Lookahead Generator

Cs

G

i W ofes

Gy e
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4-bit Carry Lookahead Adder

C, Cy
B p
A = Ps
. S3
) Gs % Each output requires two XOR
gates.
B, >
A2 : ” : All output are generated after
e & G - exactly a delay through of
_/ Carry gateS.
[(,f)okahct:ad
Bl senerator
i . P, | The delay of the carry lookahead adder
e, G 3 IS .
e #
By
Ao Po P,
Co So
Co Co
3STUDENFS-HUB-€com Uploaded By: 1230358 @ studenjipigzeiteelii




Binary Subtractor

Recall A-B=A+
2's complement of B is taken by first finding the 1's complement (inverting each bit
of B), then a 1 is added.
This implies that, can be performed using an adder by:
Invert the bits of input B (= 15 complement of B)
Change C,to 1 (2 +1)
Add A & (> A-B)
Binary subtractor can be used to perform subtraction for both signed and unsigned
number systems

2's complement of B

B3 A3 B2 Az B Al Bo Ao

Cout | pun |Cim Co| pup |G Co| pup |G Cow| Fun  [Cim
4| Adder Adder Adder Adder [®
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Binary Adder-Subtractor

A four-bit adder can be used to design a circuit that can perform both the and

operations by Introducing a and
Recall: B1 = B’ (= B can be inverted if Xored with 1)

1)M=1-> (A+1's compliment B + 1)
. M I) Unsigned numbers Case:
ifA>2B—>A-B
— if A< B = 2’s compliment of (B - A).
II) Signed numbers Case:
- A - B if there is no overflow (V)

2) M =0 > Adder 2 (A + B)

FA -

l l l i

A} 5> AY 5o

The mode bit: M = 0 for adder
355 TUImeEMDdeHits Mbm 1 for subtractor Uploaded By: 1230358 @stude njBigzeiteeii
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Binary Adder-Subtractor

4-bit adder-subtractor
example: CO M

- a=6 |O |1 (1 |0 |0 |O
B=4 |0 |1 (0 |0
~a=5 |0 |1 (0O (1 |1 |1
- g=4 |0 |1 |0 |O
—a=4 |1 1 (0O (0O |1 |1
- B=7 (1 (0 |0 |1 L@% |
36STUDENTS-HUB.de Upie : Ldenf MR HELEHI




98 Overflow Review

Overflow occurred when two numbers with n digits each are added/subtracted and the is a
number with n+1 digits

For Unsigned numbers an is detected from the end carry out of the
significant position.
In a 4-bit adder, A=1111, B=0001 > A+B=10000[S=0000,C=1 — ]

For Signed Numbers:
The leftmost bit represents the sign

When two signed numbers are added, the sign bit is treated as part of the number and the
end carry does indicate an

An overflow may occur if the two numbers added are both positive or both negative.

An overflow condition can be detected by observing the carry into the sign bit position and
the carry out of the sign bit position

If these two carries are , an has occurred - XOR gate function
carries: 0 1 carries: 1 0
+70 0 1000110 — 10 1 0111010
+80 0 1010000 —80 1 0110000
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Binary Adder-Subtractor

B; Aj; B, A, B, A B Ap

1)M=1-> (A + 1's compliment B + 1)
Unsigned numbers Case:
fA=ZB>A-B
if A< B > 2's compl. of (B -A)
Signed numbers Case:
- A - B if there is NO overflow (V)

M

2 P C: NN C: DA C: B Co 2) M = 0 > Adder > (A + B)

I e

A
A
A
A

Unsigned numbers Case: C bit detects a carry after addition or a borrow after subtraction
Signed numbers Case: V' bit detects an overflow
V = 0 means NO overflow occurred and the n-bit result is correct
V = 1 means overflow has occurred and the result needs n + 1 bits to fit=> The n-bit result is incorrect
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BCD Adder

Used to add two decimal digits in BCD

This adder is present in systems used to perform (e.g. calculators, etc.)
This adder accepts two decimal numbers ( ) in coded form ( ) and one digit from
the previous stage

The carry digit from the previous stage could be either 0 or 1. > need just one-bit for the carry digit

The minimum possible sum at any stage could be 0 + 0+ 0 =0
The maximum possible sum at any stage could be 9 +9 + 1 =19

Requires a minimum of © inputs and © outputs

Input (A: 4 Bits , B: 4 Bits, Carry in: 1 Bit) Output (Result: 4 Bits, Carry out: 1 Bit)
4 B
C(?)l&:y K 4-bit binary adder — C?Irlry
ZS Z4 Zz Zl

I [ [
35 TUDENTS-HUB.com Uploaded By: 1230358 @ stude njpirzeiteeiti



20
BCD Adder

Binary Sum BCD Sum Decimal
K Ly 4, L, 4L ¢ 58 34 52 5 Recall: a correction in the sum
0 0 0 0 0 0 0 0 0 0 0 is needed when the sum is greater
0 0 0 0 1 0 0 0 0 1 1 than 9. The correction is to
o 0 0 1 0 o 0 0 1 0 2 the sum.
g g [1} {1] é g g ? {; E} j - The BCD adder will then consist of
0 0 . 0 | 0 0 . 0 1 5 th_e 4_—bit binary a_dder. A second 4-
bit binary adder is needed to add © to
0 0 L 1 0 0 0 ! 1 0 6 the sum when it is greater than 9.
0 0 1 1 1 0 0 1 1 1 7
0 ] 0 0 0 0 ] 0 0 0 8
0 1 0 0 1 0 1 0 0 | 9 When C = 0,
o [1] o [1I] o 1 0 0 0 0 10 Do Nothing!
0 1 0 1 1 1 0 0 0 1 11
0 1 1 0 0 | 0 0 1 0 12
0 1 1 0 1 | 0 0 1 | 13
0 1 1 1 0 1 0 1 0 0 14 When C = 1, Add 0110
0 1 ] 1 1 1 0 1 0 1 15 to the binary sum and
1 0 0 0 0 1 0 1 | 0 16 provide an output carry
1 0 0 0 1 1 0 1 1 1 17 for the next stage.
1 0 0 1 0 1 1 0 0 0 18
1 1 1 0 0 1
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20
BCD Adder

Addend Augend
C=K+ 2824 + —|-ZgZQ
(1‘:12? K 4-bit binary adder - C?:;r}* =
Lk o V) -~ A 7 ~
— 2
Correction - 1 1 N
Decision
Output | , . - - )
carr |
y LL {1 IAE }l X | x |[(x ﬂ
/s {
i
“J_j_lj XX x| X
D — w
Z; Z
0
vyl yly ¥ Y \ "

4-bit binary adder

a0 a1 [ 1§
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Binary Multiplier

Recall: Binary multiplication is done in the same way as decimal multiplication

When multiplying two binary numbers, A and B, the multiplicand is multiplied by bit of the

multiplier starting from the bit.

Each such multiplication forms a partial product.

Successive products are position to the left.

The final product is obtained from the of the partial products.
Multiplicand — > B B Ao B, By
Multiplier > A Ay Lj Lj
Partial ApB, AyB A, B,
products L B I
. AB, A, By

INna
product G G G Co
Observe: The multiplication of two bits such as A;and B, H A 'H A
produces a 1 if bits are 1; otherwise, it produces a 0.
This is to an operation. || |
C,C, C, C,

Implementation could be done using Half adders & AND gates
4STUDENTS-HUB.com Uploaded By: 1230358 @studenjpizeiteeii



Binary Multiplier

For J-bits and K-bits we need:
Jx K gates, and
(J-1) adders

The result will be a of (3 + K) bits.
Example:

K=4 B, B, B, B,

J=3 A A A

B B B b
ABs  AB; AdB; +Aﬂ | IxK=3x4 =12 AND Gates

AB, AB, AB, AB,
J-1=3-1 =2 (4-bit) Adders
AB, AB, AB, AB,

Ce Cs C4 Cs C, C, Co J+K=3+4 =7 bits Result

4STUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili



Binary Multiplier

Example:

45 TUDENTS-HUB.com

Design a 4-bit by 3-bit Binary Multiplier =~ K=4

12 AND Gates

2 (4-Bit) Adders

7 bits Result

B, B, By By
ARE LR g
LYY
i Y Y L
Addend Augend
4-bit adder
Sum and output carry

By

B, B,

o

sjsil

Addend Augend

4-bit adder

Sum and output carry

|

Co

AR "

Cs C, C;

Uploaded By: 123
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Magnitude Comparator

A magnitude Comparator: a combinational circuit that compares two
numbers A and B and determines their relative magnitudes.
Two Inputs:
Unsigned integer A (m-bit humber)
Unsigned integer B (m-bit humber)
Three outputs:
A > B (GT output)
A = B (EQ output)
A < B (LT output)
Exactly one of the three outputs must be equal to © while the remaining
two outputs must be equal to

—> A>B
A(M-1:0) =Dy m-bit
m

Magnitude [~ A

Il
o

B(m-1:0) =
m

Comparator

> A<B

45TUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili



Magnitude Comparator

Consider: a circuit to compare two 4-bit numbers A and B A= A3 Ay A1 A
Input/output: 8 inputs, 3 outputs = huge truth table
put/outp p p g ( ) B = Bs By By By
A better method to design this circuit is to follow the systematic way of comparison, where we
compare each pair of bits starting from the bit.
If all pairs are - A=B.

If we find a difference in the compared bits (i.e. one is 1 and the other is 0), > the number
containing the 1 is

Case 1 (A = B): Case 2and 3 (A <BorA > B):
All pairs of bits should be equal Compare the most-significant bits (A; & B;)
(A=B,,i={0,1, 2, 3}) If the two bits are equal, Compare the next pair of bits (A, & B,)
Equality using operation comparing the subsequent pairs of bits if the
x; =AB+A'B',i={0,1, 2, 3} comparisons are equal (A; & B;) and (A, & By)
A =Bonlyifall x'sare 1 If Ai#Bi at stage, then:

A<BifA =0andB, =1 or, simply, if A'B =1
ORA>Bif A =1andB, =0 or,simply, if AB' =1
< - In logical expressions:
(A < B) = A3B3 + 13A5By + 2312 A] By + 237271 A By

r ' "' e il i 'r Fa s Y i "' Y iy iy I'.
(11 > B) — jl:;B:; + ;nglng + ..L-;‘;;I,lelBl + ;1‘,-3;1_-2._1,-11'1()3(]

46 TUDENT SRt o mparator Uploaded By: 1230358 @studenjibiszeiteei



Magnitude Comparator

(A < B)

. ULH .

(A>B)

sjslis

4 STUDENTS-HUB.com Uploaded By'\1230358 @studenjibizeieei




20
Decoders

Imagine that we have a circuit with a 3=-bit input ~ and a single-bit output <. The circuit should
indicate when a particular code of 110 appears at the input. In other words, the circuit should give
X=1 at its when binary number A,A;A, = 110 occurs at its

This called a decoding process as the circuit indicates when a particular code appears at the inputs
- that’s why we may call it a

This could be extended to consider all possible combinations of the

Recall: A binary code of n bits is capable of representing up to 2" elements
A is @ combinational circuit that converts binary information from n input lines to a
maximum of 2" output lines
This is called an n-to-m line decoder. (m < 2", with m = 2" we call it a Full Decoder)
The output whose value is 1 represents the minterm to the binary input.
Each combination of inputs will activate a output

. Fﬂ - a!hjc!
——— y;=a'b'c
—— Yy, =2a'be’ ; .

yj -.be Binary decoder has n inputs and 2" outputs
_, y,=abc All 2"minterms are generated
L » y:=abc
L » Yg=abc’
L, Yy;=abec

46STUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili
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20
Decoders

Example:
The 3 are decoded into 8 , each representing one of the of the three input
variables ( )

Could be considered as Binary-to-Octal Decoder

Inputs Outputs ONLY ONE Output is Activated (=1)
D; D, Ds D¢ D,

=
S
A
o
N

— e ek e O O O O |
N e = T T ==
— o, Ok, ORO|N
G L0 O QO G
O O O O O O = O
C O O O O = O O
OO QO Q =G QD O
QO QOO O
O = QO O O O O
C = O 0O O O OO
-0 O O O O O O

48 TUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili



20
Decoders

Example:

This decoder can be implemented

using inverters and -
AND gates . 1

Only one output is 1
while the other seven are 0

-

-
S
|

D, =x"y7'

The whose value = 1
represents the minterm
equivalent of the binary number
currently available in the l

- . 4 N
o
I

— DO

Decoder
3X8 —> D1

-

—— D2
—— D3
—— D4

X .
—» D5

Z —>

y —>

D¢ = xyz'

-

— D6

—» D7

\ o
56 TUDEN ES-HUB-edm Ubleatled By: 1230358/ @StUdenybimzeiteeu




20
24

Decoders

Decoders may constructed using NAND gates ( Output Decoders)
Decoders may include one or more enable inputs to the circuit operation ( )
An enable is an extra input that will activate o shut off the Decoder

Inverted Output 2 x 4 Decoder with Enable

A B E E A B Dy D, D, Dy A O_
D

— 1t I X X 1 B O—
V|V ERIE
\{ 0 0 1 |
l l

1 1

0 0

1 1
1 1
0 I
1 0
1 1

R

I

Active High: When Outputs are 1 ( Output, AND Gates Used)
Active Low: When Outputs are 0 ( Output, NAND Gates Used)

{ The bubble indicates that the
s } D, decoder is enabled when E=0
T Sometime denoted as E

Active High > minterms Generator

5STUDENTS-H JB.C(lm Active Low > maxiang &emyalar30358 @ studenjipizeiteeiii




20
Decoders

Decoders with enable inputs can be connected together to form a larger decoder circuit

Active high 3x8 Decoder using 2x4 Decoders

Enable

N — Y7 Az Al A[} YT' Yﬁ Y5 Y4 Yg YQ Yl Y(}
] 2 | | s 0 0 0 | 0] 0] 0o ] o0/ o001
— il AR 0 0 1 ol o] o|lo| o0 | 0] 1]0o0
ol ! ——> Y, 0 1 olo|o|o|lo|]o]|1]|0]o0
v ol 1| 1lolololo|1]|o0]o0]o0
1 0 0 |l 0] 0o |10/ o0/ 0O
a e (LU e 1 0 1 o/l 0| 1]0|o0o]| 0| 0] o0
" o ELTE R e 1 1 olo | 1]o0|lo]o| o] o] o0
TILF : 1 1 1 1|/ o0o|lo]o0o|o|lo]| 0] oO

> E 2

:

No bubble - the decoder is
enabled when E=1

Be careful: Don’t get confused
55 TUDENTS-HUPeiween E and the input variable (A;) Uploaded By: 1230358 @stude njzpizeiteeii



Combinational Logic with Decoders

Recall: A decoder provides the 2n of n input
Recall: Any Boolean function can be expressed in form.

A decoder together with an external OR gate provides a logic implementation of the function
Since all the of the function are available at the output then there is NO need for
Inputs to each gate are selected from the according to the list of minterms of
each function

A combinational circuit with n and m can
be implemented with an n-to-2" and m gates

58TUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Combinational Logic with Decoders

Example: Full Adder Implementation Using Active High (And)

X y z C )
o 0 0| 0 0 0| —
0 0 1 0 1 ;
0 1 0 0 1 S
0 1 1 1 0 x —1 2k 2
1 0 0 0 1 3R 3
I S T
1 0 1 1 0 Y 2 decoder 4
1 1 0 1 0
1 1 1 1 1 2 —i& 5 &
6
S($7ya Z) — 2(172747 7) ¢ )
C(z,y,2) = X(3,5,6,7)

58 TUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Combinational Logic with Decoders

Example: Implementation of F=2(3,5, 6, 7), Using Active Low (NAND)

0_
A——0 1=

2 —
B 3

4_

S_I_
C—— 6l__r—

7

Active High
F=X(3,5,6,7)

555 TUDENTS-HUB.com

T
??ﬁ’?’gﬁ

B —
4
S
C 6
7
Active Low
F=T11(0, 1, 2, 4)

F=0, if any of these terms is selected
Remember: Selected in Active Low = 0

Uploaded By: 1230358 @studenjibiszeiteei



Combinational Logic with Decoders

General Considerations

A function with a long list of requires an OR gate with a large number of inputs.
A function having a list of k can be expressed in its complemented form F’ with (2" — k)
If the number of in the function is greater than 2"/2 - F’ can be expressed with fewer

Same Applied in the case of maxterms

Recall: Active-High Decoder: minterm generator & Active-Low Decoder: maxterm generator

Important!!

Steps for Optimized Implementation Using Decoders
Select Form:

Evaluate both F and F’ = choose the one with the fewest terms
Choose Decoder and External Gate
Minterm Generation (Active-High Decoder): Use OR with F, NOR with F’
Maxterm Generation (Active-Low Decoder): Use AND with F, NAND with F'
Optimize with Smaller Decoders (if needed/required)

Assign the most significant variable as an enable input for smaller decoders.

Share remaining inputs across the decoders.

56STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Combinational Logic with Decoders

Function Type/Form

F (fewest minterms)
F' (fewest minterms)
F (fewest maxterms)

F' (fewest maxterms)

Summary

1. Simple Form
2. Select Decoder
3. Combine with Gate

4. Smaller Decoders

5%5STUDENTS-HUB.com

Decoder Type Selection and External Gate Combination

Decoder Type Combining Gate Explanation

Active-High OR Gate to combine minterm = OR gate groups outputs
(Minterm Generator) outputs (of F) representing F minterms
Active-High NOR Gate to combine NOR gate groups outputs for
(Minterm Generator) minterm outputs of (F’) F' minterms - F

Active-Low AND Gate to combine AND gate groups outputs
(Maxterm Generator) maxterm outputs (of F) representing F maxterms
Active-Low NAND Gate to combine NAND gate groups outputs for
(Maxterm Generator) maxterm outputs (of F*) F' maxterms, > F

Determine whether F or F' has fewer terms (minterms/maxterms). Example.
Choose Active-High for minterms, Active-Low for maxterms. F,(A, B, C)=3(3,5)
Use OR/NOR for Active-High (F/F*), AND/NAND for Active-Low (F/F’) Fy(A, B, C)=3(2,4,5,6,7)

Enable input used for MSB, others shared among decoders (As Required)

Uploaded By: 1230358 @studenjibiszeiteei



20
Decoders

Extra Example: Construct a 4-to-16 decoder with 2-to-4 decoders with

A 2’ 4
0 2x4 // .Dn- .D].
" Pl Decgder
2 x4 A
5! Decoder ’ Ds- Dy
E
. ]
A, 2 |
2xq4 1
Decoder
2 2 4
I EI 4 .
A3 - 3 ! Decoder d Dg-Du
E E
E
2 4
EI 4 .
Pl Decoder 4 Diz-Dis
E
56STUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirzeiteeili




20
Decoders

Extra Example: Construct a 5-to-32 decoder with 3-to-8 decoders with
and a 2-to-4 decoder

E 715

FLN S T N Qe

0} 16

E 7|23

0] 24

E 731

5 8STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



20
Encoder

An is a digital circuit that performs the inverse operation of
a
It has maximum of lines and lines
lines give the binary code of the lines
Only 1 line should be active at a time
[ \
[ n_ - [
2" Inputs< ! 2 tO n ! >n0utputs
; Encoder |
\ J

6 BTUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii
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24

Encoder

Example: Design an Octal to Binary Encoder (8-to-3 Encoder)

Inputs Outputs
Do .D] .D'z D; .D'4 Ds Dﬁ DT X ¥y F 4
1 0 0 0 0 0 0 0 0 0 0
0 | 0 0 0 0 0 0 0 0 1 Z=D1+D3+ D5+ D7
0 0 1 0 0 0 0 ] ] 1 0 Y=D2+D3+D6+D7
0 0 0 1 0 0 0 0 0 1 1
0 0 0 0 1 0 0 0 1 0 0 X=D4 +D5+D6+D7
0 0 0 0 0 1 0 0 1 0 1
0 0 0 0 0 0 1 ] | 1 0
0 0 0 0 0 0 0 1 1 1 1

Limitations
If two inputs are active (say D;=D¢= 1), then the output = 111 which does NOT
represent either binary 3 or binary 6 (Wrong Code)

Encoder circuits must establish an input to ensure that only one input is encoded

If ALL Input = Os = ALL output = 0s which is the same output when

This discrepancy can be resolved by providing one more output to indicate whether at one
input is equal to 1

65 TUDENTS-HUB.com® OVercome these fimitations, we may use a R5IQSUN 998530355 @ studenbigzeiteeii




Priority Encoder

A is an encoder circuit that includes the priority function

if two or more inputs are equal to 1 at the same time >
the input having the will take precedence

A valid bit (v) is introduced at output to indicate the invalid input combination

4-to-2 Priority Encoder

D D,
Inputs Outputs 00 01 11 10 00 01 11 10

Do D, D, D; X y v o] x | 1 ! ! o| x | 1 1
0 0 0 0 X X 0 01 | | 01| 1 1 1
1 0 0 0 0 0 1 Di D

11 1 1 I 11 1 1 1
X 1 0 0 0 1 1 Dy Dy
X X 1 0 1 0 1 10 I 1 1 10 1 |
X X X 1 1 1 1 D, D;

x=Dy+ Dj y=D3+ DD,
In place of the "X/, you ‘1"then a’'0”:

X 2> 2 minterms (0,1)
XX = 4 minterms (00,01,10,11)

o= TUBS NG BRI S (§Q0,001,010,011,100,101,110,111) Uploaded By: 1230358@studenfibigzeiteeii




Priority Encoder

4-to-2 Priority Encoder
X=D,+D,
Y=D;+D,D,

V= DD t Dl + DZ + Da Vis0 when all Inputs are 0 (Inactive)

> T

6 STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Encoder/Decoder

Ay v — A
A, — —t B
Ay — A,
A, —— ENCODER DECODER [— A,
A, — — A,
A — — A,
A, ~— — Ag
A, — — A,

6 STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Multiplexer

A (MUX) is a combinational circuit that selects binary information from one of many
input lines and directs it to a output line.

The selection is performed using selection control lines.
Normally, there are 2" input lines and n selection lines.

A MUX acts as an electronic switch that selects one of several sources.

- -
inputs MUX ¥ ®_ v
h— Output | D_
Selection S {>@-

Iy will move to the output Y when § =0
655 TUDENTS-HUB.com I1 will move to the output ¥ whenJpleaded By: 1230358@studenjpirzeiteeliii




Multiplexer

Applications of MUX

Multiple Sources Selector Single Destination
( : | [ ' | [ ’ !
MP3 Player
Docking Station

DO
Laptop

SoundCard bL

X
=)
| =
(F Surround Sound System

Digital Selected Source
Satellite MP3
Laptop
Satellite
St Cable TV

Cable TV
66STUDENTS-HUB.com Uploaded By: 1230358 @studenjpirzeit el



Multiplexer

Example: 4-to-1 MUX

Iﬁ?—r

4-to0-1

—
)
Data Iy —» > Y I, A A
Inputs ) I, MUX ==
R S
—
)

(1

I 1 :
So S

Control Inputs

Block Diagram
51 S| Y S A Z&

S
0 0] I °
0 1 l(I ' ' / '
1 of b > Y=8,8,I,+S, S,I,+ 8,8, I, + S,S, I,
1 1 3

Expression

Function Table
6/STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Multiplexer

A is also called a data selector, since it selects one of many inputs and steers the
binary information to the single output line

The AND gates and inverters in the multiplexer resemble a decoder circuit, and they decode the
selection input lines.

In general, for 2"-to-1 multiplexer
Data selection lines >
Input lines >
Output lines >

2"-to-1 multiplexer is constructed from

n-to-2n
2" input lines connected to the gates.
The outputs of the AND gates are applied to a gate

Y =mglg+mh + mobh + ... + mon_q1lon_1

MUX Output
(General)

66STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Multi-bit Multiplexer

Multiplexers may have an enable input, similar to
decoders, to the operation of the unit

M-bit (2-to-1) multiplexer is equivalent to I parallel
mux’s share a common selection line
It is viewed as a circuit that selects one of two
-bit sets of data lines

LK h E | S Y
A-* 1 X All0’s
i 0 | 0 | SelectA
i Y, —
— 4 3 0 1 Select B
0 Y,
MUX }f TN
B-{ Yf LI \
a— B} [} + 0
B, 2 i
Ly iy, 211
A %t

Remember: The bubble indicates that
65 Tth®mbkliSenabbedoihen E=0 / > M-bit

o9

B,

B

UTLHQ Uy

s— oA o

(select)

E [>o

{::m;blu}

Uploaded By: 1230358 @studenjibiszeiteei




Multiplexers

Muxes can be connected together to form a larger Mux circuit

— 22 23 ) 2t 1 22
_ —1 :

; M ; 0
|

I/H 8x1 MUX — i
—lo .
|
|
—1 :
0 |

4x1 MUX L1, |L2

N = No. of Inputs (2")

i
i

7/SGTUDENTS-HUB

Required Levels using 2x1 Mux = log,(N)

No. of Muxes in level (i) = % ,1=0,1,2...

N

0 —
21 !
1 :
:
—10 :
|
|
|
|
:
0 :
:
1 :
|
:
0 :
|
1 :
£am

L2

L3 Uploaded By: 1230358 @ studenjbizeiteelii
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24

Multiplexers

il

7STUDENTS

4

N
07 21
I
0
I
0
I
0
I

&an

-HUB

I
[
1
1
I
[
1
I
[
1
I
[
1
1
I
[
1
1
I
[
1
1
I
[
1
1
[
1
1
[
1
1
I
[
1
A

N:N
22:23
|
|
ﬁ.
P
|
|
o
|
J—
|
|
|
|
|
|
|
|
|

Muxes can be connected together to form a larger Mux circuit

il

o
N| =

8x1 MUX

L2

g

il Bl s e e e e e e e L B B T

© 1230358 @studenjibizeibeeii



Multiplexers

7STUDENTS-HUB.com

Muxes can be connected together to form a larger Mux circuit 8x1 MUX
D7 “3
" 4X1
- 1 MUX
D4 10
12 %1
51 B
\xux
50 »0
- 7 ax1
D2
D1 MUX 52
DO -0

Always Follow/Consider the internal Labels To
determine MSB & LSB (Connection Order)

Uploaded By: 1230358 @studenjibiszeiteei



Multiplexers

Muxes can be connected together to Iis
form a larger Mux circuit
16x1 MUX

Always Follow/Consider the internal Labels 2
To determine MSB & LSB (Connection 14

Ordell%
7STUDENTS-HUB.com

8x1
Multiplexer

8x1
Multiplexer

—>»1 2x1

_/_’ Multiplexer |
‘ 0

S3

ploaded By: 1230358 @studenjibiszeiteei



Multiplexers

Muxes can be connected together to

form a larger Mux circuit
16x1 MUX

§1 S0

§1 S0

§3 s2

§1 S0

Always Follow/Consider the internal Labels To
determine MSB & LSB (Connection Order)

§1 S0

78STUDENTS-HUB.com Uploaded By: 1230358 @ studenjpirgeiteeti



Function Implementation using MUXs

RECALL: We learned how to implement Boolean functions using decoders, by adding external OR

gate
RECALL: A multiplexer is a and an OR gate that provides the output

Multiplexer inputs are the

We can implement any n variable Boolean function using a MUX with n select lines (2" input lines)

The n variables are to the n selection lines.
Each input of the multiplexer is set to 0 or 1, depending on which minterm of the function is
present.
Implement F(x,y) = Z(l,.Z) using multiplexer(s)
( )
0 — Ig
— 1 I Mux v —F
1 — I,
0 —1
\’S,S,

I | Input-> Selection

7BSTUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii




Function Implementation using MUXs

76STUDENTS-HUB.com

—— D D e - @

Example: Implement F(x,y,z) = 2(1,2,6,7) using 8-to-1 multiplexer. " Variables > (2" x 1)Mux

4 )

R— Iﬂ

Mux Y

~NSNSNSNSNS

==

Solution: Connect the variables x, y, z to the selection inputs S,, S,, and
So- Thensetl,=l;=1,=l.=0andl; =1, =1, =1,=1.

\_ strsaj

Xy z

Uploaded By: 1230358 @studenjibiszeiteei
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Function Implementation using MUXs

We can efficiently implement any n variable Boolean function using a MUX with (n-1) lines
(2n-1 lines)

Connect the first (n-1) variables to the lines

The remaining single variable of the function is used for the (x, x’, 1, 0)

Example: Implement F(x,y,z) = 2(1,2,6,7) using 4-to-1 multiplexer. ' Variables > (2" x 1) Mux

So
S

4 X1 MUX

}J—
x y =z |F
— X |
0O O 01]O0 F=7z
0O 0 111
—
0O 1| 011 F=z <
0 1 110 ,
, S 7 —
um—
1 0 01]0 F=0( 0
1 0] 110
 S—
1
1 1] 0|1 _
1 11 111 s
7STUDENTS-HUB com——
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Function Implementation using MUXs

Alternative Method : [Simpler for 21 x 1 Mux]
List the input of the multiplexer (z)

List under it all the in (2) Rows and (4) Columns

The first half of the minterms is associated with the and the second half with the

The given function is implemented by circling the minterms of the function and applying the following rules
to find the values for the inputs of the multiplexer

If both the minterms in the column are not circled, apply © to the corresponding input
If both the minterms in the column are circled, apply I to the corresponding input

If the bottom minterm is circled and the top is not circled, apply = to the input

If the top minterm is circled and the bottom is not circled, apply =z’ to the input

No need for TT ' 0 @ 4 @ Don't Get Confused
Could be derived - @ 3 5 @ It has NO relation to K-Map
directly from minterms
Z Vi 0 1
I0 I1 I2 |3

78STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Function Implementation using MUXs

Extra Example: Implement F(A,B,C) = 2(3,5,6,7) using 4-to-1 multiplexer.
n Variables 2 (2" * x 1) Mux

A B C F 4 X1 MUX
0 | 0] 0 [[O]| .4 B So
N " ALRERENG
0 | 1 | T c 1 3 6 @
0 C C 1

I | 0 [[0 [ o]] cc , ; F
" 0 " 1 , L L
I | 1 [ 0 [[1]] fq C 1
1 [ 1 [ 1 [l

C 2

1 3

7STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



Function Implementation using MUXs
" Variables > (2" x 1) Mux

Extra Example: ImplementF (A, B,C,D) =2(1, 3,4, 11, 12, 13, 14, 15) using 8-to-1 multiplexer

ABC A B C D|F
8 X 1 MUX
0 0 0 0 0/0 p—p
0 0 0 1/1 C 5
1| 3182 |]s ¢
2
0o 2 (4)e6 8 101219
2 01 0 0[{1 p_p
RN D t ! 0 D@@ 5 7 9 @@@
1 ’
=g R L D D DO O D 1 1
F=0
3101 ol i b X T A A
0 3 0 1 2 3 4 5 6 7
1 O 0 110
5
5 I _fIJ [1‘: F=D 1 I 6
7
i 1o i N i i
6 N S DU 1 ki
1 1 1 U]l il
7 1 " R

8STUDENTS-HUB.com Uploaded By: 1230358 @ studenjipigzeiteelii



ol Function Implementation using MUXGs ;
n Variables - (27" x 1) Mux |

Extra Example: ImplementF (A,B,C,D) =23, 5, 10, 11, 12, 15) + (4, 8, 14) using 8-to-1
multiplexer (Use as selection lines)
0|0 |0 |0 [[o]]1 "
Both Values Similar -> Constant (0,1)

0 |lofj{o |1 |lo]]1 — o I,
oo |1 ]o0 |0l Different > Check B

B — I
0|0 |1 |1 |1
0|1 [0 [0 [x]||! 0 B F

0 : 8-to-1 L,
o ([2]|o |2 |lal|y, B — I; MUX
0|1 (10 (o] 1 — | I,
0|1 (11 |0 0 T
— " 45
11O |0 0 XTIt Be Carful about the Order 1 T
1 |o [0 |1 (o] "| <6
1|0 |1 |0 |[1]]1 B"10 |1 |2 @ 9 @ 1 —— I,
1 (o |1 |1 (2]l B @ @ 6 7 @ 13
1 |1 [o [o [2]]n o B 0 B 1 0 1 1 { I W
1 |1 ({0 |1 |0f]ls O N P P VR P PO
i I B (RS ONLY Consider Don’t Care, when A C D
1 (1 (1 (1 [[2]]} other circles exist in the same Column : _
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Function Implementation using MUXs .
" Variables > (2™2x 1) Mux

Extra Example: ImplementF (A,B,C,D) =23, 5, 10, 11, 12, 15) + >(4, 8, 14) using 4-to-1

multiplexer (Use as selection lines)
Both Values Similar - Constant (0,1)
o/|{o [0 [0 ([0l
Different > Check A,B
0|0 |0 |1 [o]fl T
oT[o [+ o o[ A o
00 |1 |1 |1 0|0 |0 |1 0| o
ol{1 o [o |x]] o [1 o |1 [a]] A
0 1 AIB B — '—F 'Z} 4_..1'0..1 F

0|1 |0 |1 [a]fm 1 (0|0 |10 |l _/ MUX - >
ol|1 |1 |o |0l 1 (10|10 || A
01 |1 ]1]o0 L,

oo |1 |11 A N
1 |o |0 |1 (o] | — I,
1100 |1 o )]y, | [0 ]z ]2 ]1]o ) B—) 7
1 1o |1 11 |1 1 (0|1 (1|1 A+B
1|1 |o o |[1]]1, 11111 I I
1|1 ]0 |1 |lol|y
101 |1 |o x|, C D
1 (1|1 |1 |12 L.
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Demultiplexer

Recall: A with enable input can function as a
(Demux): It is a circuit that receives information from a single line and it to ONE of 2"
lines.
The selection of a is controlled by the bit combination of n lines.
A of 2n has n lines, which are used to select which output line to send the input.
A is also called a data distributor.
- - — A —
FES £ FlEL,.5 F B F B
L C . T C €
b a[—pD b a—pb b a—pD b ar™PD
[ I L ||
0 0 0 1 1 0 3
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Demultiplexer

1:4 vy Yo = S15¢1 Inverters

I g DEMUX _ a
—— Y, Y, =§,S,1 So —11>

- *AND” gat

S1501 S1 _.'Do- P’y e

S1So1 ] © .

i - LYo
3

Select Line Outputs P }Yl

E——

—
o

w
|

S1 So Y3 Y2 Y1 Yo
&
0 0 0 0 0 I 1 }YZ
0 1 0 0 I 0
1 0 0 I 0 0 :D_Yg
i i I 0 0 0
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Demultiplexer

1:8 DeMux with Enable A 1:8 DEMUX takes a single data D, enables it through an signal
E, and sends the data to one of the eight Y,~Y-, based on the 3-bit
lines S¢,S1,S>

8 Outputs > 3 Selection Lines

E | E S2 Si1 So Yo Y1 Y2 Ys Ya Ys Ye Y7

> Y, 0 |X [X |x |0o (o ]|o |0 [0 |0 |0 |O
— Yl
Y, 1 (0 (0 |O |D|O |O (O (O |O |O |O
1:8 — Y, 1 (0 (0 |1 |0 |DJ|O (O (O (O (O |O
D =—>
DEMUX — Y, 1 /o |1 (0 |0 |0 (DO |0 [0 |O |O
> Y, 1 (0 (1 |1 |0 |O |O (D (O (O (O |0
> YG
— Y, 1 (1 (0 |0 |0 |O |O (O (D |0 (0 |O
1 (1 (0 |1 {0 |O |O (O (O (D |0 |O
1 (1 (1 |0 |0 |O |O (O (O (O (D |O
s, s, S, 1 (1 (1 |1 {0 |O |O (O (O (O (O |D
E = 0: All outputs are 0, regardless of selection lines.
E = 1: Data D is routed to the output selected by S,S,S,
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Demultiplexer

DeMuxes can be connected together to form a larger DeMux circuit

— Y7
1 x.4 T
—»| Demultiplexer
—> Y5
SEEE S Y4
A
I 1 X- 2 51 oa——
Demultiplexer sg —
Y
“l 1x4 > Y,
Demultiplexer
—> Y4
Yo
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Demultiplexer

DeMuxes can be connected together to
form a larger DeMux circuit

1x8

Demultiplexer

S; —4
& & - sS4
Demultiplexer

So

T — Y5
» Ys
» Yg

1x8 > Y,
Demultiplexer L — v,

53

—> Y5
el Y 4
1x16 DEMUX —> Yg
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20 . . .
Function Implementation using DeMux n Variables > (1-to-2") DeMux

Example: Implement F,(A,B,C) = %(0,3,7), F,(A,B,C) = %(1,2,5) using 1-to-8 demultiplexer.

T(o
1
Yo >
Y3 I:1
1:8 Yal-
Dy =1 DEMUX Y5
Ye |- } F
2
Y7
Satis, sy
I | | What About Using
C B A 1-to-4 DeMux??

Same as Decoder with:
Decoder Inputs - Selection Lines
DeMux Input - 1
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Mux/DeMux

51 50 51 SO
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Three State Gates (Buffers)

Three State o1 Tri-State o 3-State

These gates can be in one of 2 possible states
An state where the output may assume one of two possible values (0, 1)
A state where the gate output is in a the Hi-impedance (Hi-Z) state
The circuit behaves like an open circuit, which means that the output appears to be

The circuit has NO logic
The circuit connected to the output of the three-state gate is NOT affected by the inputs to the gate

A control input (C) is used to the gate into either the enabled or disabled state.
C could be (Active High) or (Active Low)
Output could be (Buffer) or (Inverter)

Output Y = Aif C=1 Normal input A Output Y = A'if C = 1
High-impedance if C = 0 High-impedance if C = 0

Normal input A

Control input C Control input C

High-impedance if C = 1 High-impedance if C =1

j
Normal input A '\I 4 Output Y =Aif C=0 Normal input A Output Y = A'if C =0

Control input C Control input C
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MUX with Three-States Gates

It is possible to implement multiplexers using 3-state buffers

A 4-to-1 multiplexer may be constructed using 3-state buffers and a 2-to-4 decoder
Iy r\l{\ * : g
A ¥
] I,

\‘ L ]
> T
SR (s
Select T I3 >

e L‘,/
2-to-1 Mux
0
v S

Problem: Direct Connected/Wired Outputs > Select : o 55 1

Short Circuit > Damage (Burn) — S0 Jorndor
2

Solution: Make sure ONLY ONE Input is Enable o 9

enabled by utilizing the 3-States Buffer
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20 -
Exercises

Implement the following Boolean functions (Together): (With minimum number of inputs in the external gates)

Fy(A, B, C) = ¥(3,5)
F,(A,B,C)=3(2,4,5,6,7)
Using:
3x8 decoder constructed with AND gates.
3x8 decoder constructed with NAND gates.
2x4 decoders constructed with NAND gates.

Implement the following Boolean function:
F,(A B CD=53(0,1,24E6,9,12, 14)
Using:
8-to-1 MUX.
4-t0-1 MUXes, with minimum external gates.

Implement each of the following Boolean functions (Separately):
F, (A B O=>%(0,1,3,5), F(A B O=>(0,1,4D5)
Using:
4-to-1 MUX.
1-to-4 DEMUX with one external gate.
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