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Combinational Circuit Design
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A committee of three individuals decide 1ssues
for an organization. Each individual votes
either yes or no for each proposal that arises. A
proposal 1s passed 1f 1t receives at least two yes
votes. Design a circuit that determines whether
a proposal passes.
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Inputs are three (x, y, z) , Output is proposal (F)
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F=xy+xz+vZ
We used K-Map minimization
technique to simplify the circuit.
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Individuall (X) | Individual2 (Y) | Individual3 (Z) | Proposal(F)
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
I 0 0 0
I 0 1 1
1 1 0 1
I 1 1 1
+¥ee
We used truth table to make a
relationship between inputs and "
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2. Design a Two bit Magnitude Comparator

INPUT OuUTPUT
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2. Design a Two bit Magnltude Comparator

B1BO

00 01 11 10
ATAD

00 0 0 0 0
01 1 0 0 0

1
11 1 1 0 1

=
10 1 1 0 0

A>B:A1B1" + AOB1'BO" + A1AO0BO’
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2. Design a Two bit Magnitude Comparator

B1B0 A =B
00 01 11 10
ATA0

00 @ 0 0 0
01 | o (M| o 0
11 0 0 @ 0
10 | o 0 0 ®

A=B: Al1'AB’B1’BB* + A1'ABB1'BB + AlABB1BE + AlAB’'Bl1BG*
: A1’B1' (AB?BB’ + ABBB) + A1B1 (AGBO + AB’EB’)
. (AGBO® + AB’B@’) (AlB1l + A1°B1’)
: (A@ Ex-Nor BB) (Al Ex-Nor B1)
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2. Design a Two bit Magnitude Comparator

B1BO A <B
00 01 11 10
A1A0
00 0 1 1 1
01 0 0 1 1
11 0 0 0 0

A<B:A1'Bl + AB’BlBO + Al’AB’EBES
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2. Design a Two bit Magnitude Comparator

Al A0 Bl B0

A<B

A>B
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3. Design a 7-segment Decoder
Inputs A,B,C, D (0-9),, valid inputs & (10-15),, Don’t Care
Outputs a,b,c,d,e,f

Display driver IC
Vi Seven-segment display
a
4
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3. Design a 7-segment Decoder
Inputs A,B,C, D (0-9),, valid inputs & (10-15),, Don’t Care

Outputs a,b,c,d.e,f
D C B A a b C d ¢ f g Display
0 0 0 0 1 1 1 1 1 1 0 70"
0 0 0 1 0 1 1 0 0 0 0 717
0 0 1 0 1 1 0 1 1 0 1 727
0 0 1 1 1 1 1 1 0 0 1 "3"
0 1 0 0 0 1 1 0 0 1 1 747
0 1 0 1 1 0 1 1 0 1 1 "5"
0 1 1 0 1 0 1 1 1 1 1 76"
0 1 1 1 1 1 1 0 0 0 0 7
1 0 0 0 1 1 1 1 1 1 1 78"
1 0 0 1 1 1 1 1 0 1 1 797
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3. Design a 7-segment Decoder

P 00 01 11 10 - P 01 11 10 Aﬁ’ 00 01 11
oo | 2| o |[2 [[a]] oo |[TT]] o |[T]] 12 o [T [T [ 2
o1 | o 1 1 1 01 || 1 0 1 0 o1 |2 1 1
11 X X X X 11 X X X X 11 X X X
10 1 1 X X 10 1 1 X X 10 1 1 X

a=A+C+BD+BD b=B+CD+CD c=B+C+D
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3. Design a 7-segment Decoder

P 00 o 11 10

00

01

11

10

1 0 1 TT
0 1 0 1
X X X X
1 1 X s i

d=BD+CD+BCD +BC+A

AB
00

01

11

10

CcD

00 01 11 10
1 0 0 1
0 0 0 1
X X X X
1 0 X II X

e=BD+CD

AB Sl 00 01 11 10
00 1 0 0 0
01 1 1 0 1
11 X X X X
10 1 1 X X
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Design a 7-segment Decoder

AP 00 ot 11 10

00 0 0 1 1
01 1 1 0 1
11 X X X X
10 1 1 X X

g=BC+CD+BC +BC+A
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3. Design a 7-segment Decoder

A B C D
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3. 7-segment Decoders

oV Commaon Cathiode
| { | 73800 to 7500 Dizplay

UUCEI% a
[, |
b

g

switches c
- ol 4511 VW
o o1 —| BcDto [ AAN—
II—:."-.-.- JI - X T-sament _'F\MJ_E I
oo I, Decoder A A A f - ,c
| D g g

oo | AAA—
4-0it BCD LE Ccnd F—
Input l l

4x k2
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3. 7-segment Decoders

5V
RS 1k J
10) vec PBO ="\ . S 5
PB1 "\ ) N
< Kg oma AN, RIQ 1K
10 ]
16 3 4 5 ) )
___ vee Il RBI _@
el o LT RBBD T2 T3
ATmegal6/ BC548 C548
ATmega32
13 R1-220
RESET PAD Ha 2 Re220 VY
SWITCH | - il | TR
9 SN7446AN ([
PA2 c
PA3 8p
GND
1ahD ]

= ElectronicWings.c
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4. Production Line Control

0 Rods of varying length (+/-10%) travel on conveyor . belt
0 Mechanical arm pushes rods within spec (+/-5%) to one side
0 Second arm pushes rods too long to other side
0 Rods that are too short stay on belt
0 3 light barriers (light source + photocell) as sensors
0 Design combinational logic to activate the arms

0 Understanding the problem
0 dnputs are three sensors
0 Outputs are two arm control signals
0 Assume sensor reads "1" when tripped, "0" otherwise
0 Call sensors A, B, C
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4. Production Line Control

Position of Sensors
A to B distance = specification - 5%
A to C distance = specification + 5%

J 9 9
A
spec
- 3%
Too Within Too spec
Long Spec Short + 5%
B
C
@ 5 O > O 7
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4. Production Line Control

Truth Table

Show don't cares

logic implementation now straightforward

A B C | Function

0 0 0 |[donothing just use three 3-input AND gates
0 0 1 | donothing

0 1 0 [ donothing too short” = AB'C _

0 1 1 | donothing (only first sensor tripped)

1 0 0 |tooshort . ) 1

1 0 1 |dontcare inspec’ =ABC

1 1 0 |inspec (first two sensors tripped)

1 1 1 |toolong

"too long" =ABC
(all three sensors tripped)



