CS150 Newton 5.1. 1

Outline

m Last time:

Ü Karnaugh Maps

Ü Relationship to Cube Notation

Ü Design Example: Simplify using Karnaugh Map

Ü Multiple-Output Karnaugh Maps

Ü " Dont Cares"

Ü Completely vs . incompletely specified logic

Ü Design Example: Use Karnaugh Map with "don’t cares"

m This lecture:

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

CS150 Newton 5.1. 2

Resistor-Transistor Inverter

CS150 Newton 5.1. 3

CMOS Inverter

CS150 Newton 5.1. 4

Inertial & Transmission-Line Delays

In

Out Out

Out In

??

Transmission-line Delay Inertial Delay

(Capacitor Delay)

CS150 Newton 5.1. 5

Transition Times

tr tf ideal

more realistic

tr tf actual

CS150 Newton 5.1. 6

Propagation Delay

tpHL tpLH

tpHL tpLH

CS150 Newton 5.1. 7

Pulse Propagation

In

Out

Out

TpLH = 5

TpHL = 7

"Runt Pulse"

CS150 Newton 5.1. 8

Hazards & Glitches

A

C’

C

B f

1

1

1

0

AB

C 00 01 11 10

0

1

0

5 7 3 1

4 6 2

B

A 1

1

1

Remember : Eliminating a glitch in time saves nine!

CS150 Newton 5.1. 9

Hazards & Glitches

A

C

B

f

1

1

1

2

A

C

B

f

1

1

1

2

2 2

1

1

1

1

1

1

CS150 Newton 5.1. 10

Hazards & Glitches m A static-1 (static-0) hazard is the possibility of a circuit producing a glitch-to-0 (glitch-to-1). Hazards are a property of the implementation and have nothing to do with specific delay values.

m A dynamic-1 (dynamic-0) hazard is the possibility of a circuit producing a glitch-to-0 (glitch-to-1)