CS150Newton 5.2. 1

Outline

m Last time:

Ü Implementation of logic functions: TTL, CMOS

Ü Delay models: Transition time, propagation delay

Ü Hazards and "Glitches"

Ü Hazard-free design

Ü Summary of combinational circuit design

m This lecture:

Ü Switch-level implementation

Ü Design Using Multiplexers

Ü Shannon Expansion

Ü Binary Decision Diagrams ( BDDs )

CS150Newton 5.2. 2

Implementation of Logic Using

Switches

A B

C

NMOS

A B

C

CMOS

A B

C

Switch, Relay

A B

A B

X Y

X

Y

A B

C

CS150Newton 5.2. 3

Series-Parallel Networks

CS150Newton 5.2. 4

Multiplexer Trees Using Switches

Z

A

B

B

C

C

C

C

CS150Newton 5.2. 5

Multiplexer

Þ multiplexer

EN

SEL

Þ

Þ

Þ

Þ b

b

b

b

D0

D1

D2

Dn -1

Þ b Y s select enable

n = 2^s

data sources data

output

Consider b=1, s=1

Consider b=1, s=2

CS150Newton 5.2. 6

Design Using Multiplexers

AB

C 00 01 11 10

0

1

0

5 7 3 1

4 6 2

B

A

Z = AB + C

0

1

2

3

4

5

6

7

Z

A B C

S 0 S 1 S 2

CS150Newton 5.2. 7

Design Using Multiplexers

AB

CD 00 01 11 10

00

01

11

10

0

2 6 14 10

11 15 7 3

9 13 5 1

8 12 4

A

B

C

D

Z = ABD + C + BD

0

1

2

3

4

5

6

7

Z

S 0 S 1 S 2

CS150Newton 5.2. 8

Binary Decision Diagrams

0 0

X1 X1

X2 X2 X2 X2

X3 X3 X3 X3

1 1 0 0 1 1 f = X1.X2 + X3 m Ingeneral: fv = Xv’ flow + Xv fhigh

low child

high child

0 0

X3 X3

1 1

X3 X3

1 1 1 1

X1X2

X3 00 01 11 10

0

1

0

5 7 3 1

4 6 2

0 1 2 3 4 5 6 7

CS150Newton 5.2. 9

Implementation of Logic Using

Switches

Shannon Expansion:

(T15) F(X,Y,Z) = X¯F(1,Y,Z) + X’¯F(0,Y,Z)

(T15’) F(X,Y,Z) = (X+F(0,Y,Z))¯(X’+F(1,Y,Z))

Binary Decision Diagrams

0 0

X1 X1

X2 X2 X2 X2

X3 X3 X3 X3

1 1 0 0 1 1 1 1 f = X1.X2 + X3

f1 = 1 f2 = X3 f3 = X2 ’ X3 + X2 low child

high child

V1

V2

V3

Use of BDDs