EGED2200 - DIGITAL GIRCUITS



GENERAL NOTES

e See updates to these slides: www.newae.com/teaching

e These slides licensed under ‘Creative Commons Attribution-ShareAlike 3.0
Unported License’

 These slides are not the complete course — they are extended in-class

* You will find the following references useful, see
www.newae.com/teaching for more information/links:

— The book “Bebop to the Boolean Boogie” which is available to Dalhousie Students

— Course notes (covers almost everything we will discuss in class)
— Various websites such as e.g.: www.play-hookey.com

— The book “Contemporary Logic Design”, which was used in previous iterations of the
class and you may have already
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ADDERS & SUBTRACTORS
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HALF ADDER

0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1
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HALF ADDER - SUM
s e

R =[O ] O
R | O[O
O || ]|O

S=m, + m,= A*B+A«B
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HALF ADDER - CARRY

B
0 0 0
0 1 0
1 0 0
1 1 1

C=m,=AB
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HALF ADDER - GIRCUIT

>
D Carry
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HALF ADDER - GAN WE IMPROVE IT?

S=A+B+AB

10/07/2012

No. Identity Comments

1 A+0=A Operations with 0
and 1

2 A+1=1 Operations with 0
and 1

3 A+A=A Idempotent

4 A+A=1 Complements

3 Ae(=0 Operations with 0
and 1

&6 Ael=A Operations with 0
and 1

7 Ae A=A Idempotent

8 AeA=( Complements

9 A=A

10 A+B=B+A Commutative

11 AeB=RBesA Commutative

12 A+ (B+CO)=(A+BH+C=A+B+C Associative

13 Ae(BeC)=(AeB)eC=AeBeC Associative

14 As(B+C)=(AeB)+(Ae(C) Distributive

15 A+(BeC)=(A+B)e(A+C) Distributive

16 A+(AeB)=A Absorption

17 As(A+B)=A Absorption

18 (AeB)+(AeC)+(BeC)=(AeB)+(AeC) Consensus

19 A+B+C+._=AeBeC De Morgan

20 AeBeCe =A+B+C... De Morgan

21 (A+B)eB=AB Simplification

22 (AeB)+B=A+B Simplification
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HALF ADDER - GAN WE IMPROVE IT?

S=A<B+AB
19) CeD=C+D

AeB+AsB

- A+B+A+B
20) C+D=CeD

—A+Be A+B =
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No. Identity Comments
1 A+0=A Operations with 0
and 1
2 A+1=1 Operations with 0
and 1
3 A+A=A Idempotent
4 A+A=1 Complements
3 Ae(=0 Operations with 0
and 1
&6 Ael=A Operations with 0
and 1
7 Ae A=A Idempotent
8 AeA=( Complements
9 A=A
10 A+B=B+A Commutative
11 AeB=RBesA Commutative
12 A+ (B+CO)=(A+BH+C=A+B+C Associative
As(Be()=(AeB)e(C=AsBe_ Associative
14 Ae(B+C)=(AeB)+(A+C) Distributive
15 A+(BeC)=(A+B)e(A+C) Distributive
A+(A=B)=A Absorption
As(A+B)=A Absorption
18 (AeB)+(AeC)+(BeC)=(AeB)+(AeC) Consensus
A+B+C+ _=AeBe(C__ De Morgan
AeBeCe =A+B+C De Maorgan

21

(A+B)eB=AB

Simplification

22

(AeB)+B=A+B

Simplification
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HALF ADDER - GAN WE IMPROVE IT?

= A+Be A+B

:(Aoﬂ)+(AoB)+(Zo§)+(Bo§) :

:(O)+(Ao B)—I— AeB

=(AeB)+|AeB
19) CeD=C+D

=({A+B|+{A+B
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No. Identity Comments
1 A+0=A Operations with 0
and 1
2 A+1=1 Operations with 0
and 1
3 A+A=A Idempotent
A+A=1 Complements
3 Ae(=0 Operations with 0
and 1
&6 Ael=A Operations with 0
and 1
+ ( O ) 7 AeA=A Idempotent
8 AeA=( Complements
9 A=A
10 A+B=B+A Commutative
11 AeB=RBesA Commutative
12 A+ (B+CO)=(A+BH+C=A+B+C Associative
13 Ae(BeC)=(AeB)eC=AeBeC Associative
14 As(B+C)=(AeB)+(Ae(C) Distributive
15 A+(BeC)=(A+B)e(A+C) Distributive
16 A+(AeB)=A Absorption
17 As(A+B)=A Absorption
18 (AeB)+(AeC)+(BeC)=(AeB)+(AeC) Consensus
19 A+B+C+._=AeBeC De Morgan
20 AeBeCe =A+B+C.. De Morgan
21 (A+B)eB=AB Simplification
22 (AeB)+B=A+B Simplification
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HALF ADDER - GAN WE IMPROVE IT?

-(A+B|+(A+B

20) C+D=CeD

A+Ble(A+B

A+Ble(A+B
20) C+D=CeD

=(AB|)e(A+B
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No. Identity Comments

1 A+0=A Operations with 0
and 1

2 A+1=1 Operations with 0
and 1

3 A+A=A Idempotent

4 A+A=1 Complements

3 Ae(=0 Operations with 0
and 1

&6 Ael=A Operations with 0
and 1

7 Ae A=A Idempotent

8 AeA=( Complements

9 A=A

10 A+B=B+A Commutative

11 AeB=RBesA Commutative

12 A+ (B+CO)=(A+BH+C=A+B+C Associative

13 Ae(BeC)=(AeB)eC=AeBeC Associative

14 As(B+C)=(AeB)+(Ae(C) Distributive

15 A+(BeC)=(A+B)e(A+C) Distributive

16 A+(AeB)=A Absorption

17 As(A+B)=A Absorption

18 (AeB)+(AeC)+(BeC)=(AeB)+(AeC) Consensus

19 A+B+C+._=AeBeC De Morgan

20 AeBeCe =A+B+C... De Morgan

21 (A+B)eB=AB Simplification

22 (AeB)+B=A+B Simplification
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HALF ADDER - IMPROVED IMPLEMENTATION

J U
Y

10/07/2012




NAND GATE IMPLEMENTATION
\/pD

S g

A : —]

Source: http://commons.wikimedia.org/wiki/File:NAND gate (CMOS_circuit).PNG

10/07/2012 Colin O’Flynn - CC BY-SA  ((c)




HALF ADDER - EASIER SUM
s e

R =[O ] O
R | O[O
O || ]|O

S=ADB
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HALF ADDER - GLASSIC IMPLEMENTATION
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FULL ADDER

0000000000

101001

+010110




FULL ADDER

0 0 0 0 0
0 0) 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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FULL ADDER - SUM 0UT

0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1

S=m+m,+m,+m,
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FULL ADDER - CARRY 0UT

0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1

Co=m,+m,+mg+m,

10/07/2012 Colin O’Flynn - CC BY-SA  ((c)




FULL ADDER BUILT FROM HALF ADDERS

HA
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FULL ADDER BUILT FROM HALF ADDERS

A S S Sum Out
A LA
B
B C B C
Carry In Carry Out
A B Carry In Sum Carry Out
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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N-BIT ADDERS

C-In S

Input A
>

11
>

C-Out

\* C-In S

C-Out

\* C-In S

|‘U

Input B

C-Out

\* C-In S

C-Out
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SUBTRACTORS ..

"B FA

ok FA

*:i} ° FA C-Out

ok FA L
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ARITHMETIC LoGIc UNIT (ALU)
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ARITHMETIC LoGIc UNIT (ALU)
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SECTION SUMMARY

e See ECED Notes “Arithmetic Logic Units” (ALU)
Page 64/65/66
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