I. Problem Statement

Design and implement a logic circuit with four (4) binary inputs and will display in 7 segment the 1’s complement of the input in decimal, octal and hexadecimal.

II. Circuit Description

This circuit will display the 1’s complement of every combination of the four binary inputs in decimal, octal and hexadecimal using the basic gates discussed. The circuit uses 12 IC’s, 1 Inverter, 4 OR and 7 AND. It has 3 seven-segment display that will display the 3 outputs in decimal, octal and hexadecimal. The decimal seven-segment will display only the decimal numbers, 0-9. Also with octal, it will display only the octal numbers, 0-7. When not a valid decimal or octal numbers, the seven-segment is off.

The inputs are switch manually using the DIP switch. When the switch is ON, it means the input is high or logic 1. When it is OFF, it is connected to the ground through a resistor, meaning the input is low or logic 0. 

III.  Materials Needed

Breadboard

Connecting wires

1 - 4-Input DIP Switch


3 - 7-Segment Display (common anode)

IC’s


1 - 74LS04(Inverter) – Packed with six NOT gate.


4 – 74LS32(2-Input OR) – Packed with 4 2-Input OR gate.


7 – 74LS08(2-Input AND) – Packed with 4 2-Input AND gate.

Resistors

IV.  Design

Truth Table

	Input
	1’s Complement
	Output
	Source

	A
	B
	C
	D
	
	a
	b
	c
	d
	e
	f
	g
	Hexa
	Decimal
	Octa

	0
	0
	0
	0
	1111
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0

	0
	0
	0
	1
	1110
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0

	0
	0
	1
	0
	1101
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0

	0
	0
	1
	1
	1100
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0

	0
	1
	0
	0
	1011
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0

	0
	1
	0
	1
	1010
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0

	0
	1
	1
	0
	1001
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0

	0
	1
	1
	1
	1000
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0

	1
	0
	0
	0
	0111
	1
	1
	1
	0
	0
	1
	0
	1
	1
	1

	1
	0
	0
	1
	0110
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1

	1
	0
	1
	0
	0101
	1
	0
	1
	1
	0
	1
	1
	1
	1
	1

	1
	0
	1
	1
	0100
	0
	1
	1
	0
	0
	1
	1
	1
	1
	1

	1
	1
	0
	0
	0011
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1

	1
	1
	0
	1
	0010
	1
	1
	0
	1
	1
	0
	1
	1
	1
	1

	1
	1
	1
	0
	0001
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1

	1
	1
	1
	1
	0000
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1


Karnaugh Map

For a-segment:
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Ya 
= A`B`CD` + A`BC`D` + ABCD` + AB`CD


= A`D (B`C + BC`) + ABCD` + AB`CD

For b-segment:

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	0
	0
	0
	

	A`B
	0
	
	
	

	AB
	
	
	
	

	AB`
	
	0
	
	0


Yb
= A`B`C` + A`B`D + A`BC`D` + AB`C`D + AB`CD`


= A`B`(C` + D) + A`BC`D` + AB`(C`D + CD`)

For c-segment:

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	0
	0
	0
	

	A`B
	
	
	
	

	AB
	
	0
	
	

	AB`
	
	
	
	


Yc 
= A`B`C` + A`B`D + ABC`D


= A`B`(C` + D) + ABC`D

For d-segment:

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	0
	
	
	

	A`B
	
	0
	
	

	AB
	
	
	
	0

	AB`
	0
	
	0
	


Yd 
= B`C`D` + A`BC`D + AB`CD + ABCD`


= C`(B`D` + A`BD) + AB`CD + ABCD`

For e-segment:

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	
	
	
	

	A`B
	
	
	
	0

	AB
	0
	
	
	0

	AB`
	0
	
	0
	0


Ye 
= AD` + BCD` + AB`CD


= D`(A + BC) + AB`CD


For f-segment:

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	
	
	
	0

	A`B
	
	
	
	

	AB
	0
	0
	
	0

	AB`
	
	
	
	


Yf
= ABC` + A`B`CD` + ABCD`

For g-segment:

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	
	
	0
	

	A`B
	
	
	
	

	AB
	
	
	0
	0

	AB`
	0
	
	
	


Yg 
= A`B`CD + ABC + AB`C`D`


= A(BC + B`C`D`) + A`B`CD

For Source:

Hexadecimal

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	1
	1
	1
	1

	A`B
	1
	1
	1
	1

	AB
	1
	1
	1
	1

	AB`
	1
	1
	1
	1


Yhexa
= 1 = Vcc

Decimal

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	
	
	
	

	A`B
	
	
	1
	1

	AB
	1
	1
	1
	1

	AB`
	1
	1
	1
	1


Ydecimal = A + BC

Octal

	
	C`D`
	C`D
	CD
	CD`

	A`B`
	
	
	
	

	A`B
	
	
	
	

	AB
	1
	1
	1
	1

	AB`
	1
	1
	1
	1


Yoctal
= A

Circuit Diagram


