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Digital and Analog Quantities

* Analog quantities have continuous
values

 Digital quantities have discrete sets of
values
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Digital and Analog Quantities
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Analog quantities
have continuous
values

Digital quantities
have discrete
sets of values
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Digital and Analog Quantities

Types of electronic devices or instruments:
* Analog

 Digital

« Combination analog and digital

waves
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Binary Digits, Logic Levels, and
Digital Waveforms

* The conventional numbering system
uses ten digits: 0,1,2,3,4,5,6,7,8, and 9.

* The binary numbering system uses just
two digits: 0 and 1.

Copyright ©2006 by Pearson Education, Inc.

Slide 5



Binary Digits, Logic Levels, and
Digital Waveforms

* The two binary digits are
designated 0 and 1

* They can also be called
LOW and HIGH, where e [
LOW =0 and HIGH = 1 e |

Unallowed

LOW
{binary 0)
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Binary Digits, Logic Levels, and Digital
Waveforms

Binary values are also
represented by voltage levels

HIGH ——
Rising or T Falling or
leading edge trailing edge
LOW ——— —
.I‘” 'rJ

(a) Positive—going pulse

Slide 7

HIGH
Falling or M Rising or
leading edge trailing edge
LOW -—-
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(b) Negative—going pulse
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Binary Digits, Logic Levels, and Digital
Waveforms

Major parts of a digital pulse

« Base line

« Amplitude

 Rise time (1)

 Pulse width (t,)

« Fall time (t;)

se width
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Binary Digits, Logic Levels, and Digital

Waveforms

* t, = pulse width
» T = period of the waveform
 f=1frequency of the waveform

Pt
T
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Binary Digits, Logic Levels, and Digital
Waveforms

I L L

The duty cycle of a binary waveform is
defined as:

t
Duty cycle = (TWJIOO%
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EXAMPLE:

Timing
Diagram

A. B. and C HIGH

All rights reserved.

Upper Saddle River, New Jersey 07458

Copyright ©2006 by Pearson Education, Inc.

Slide 11



Data Transfer

Serial [rlo]

Computer

Computer Printer

Parallel -

4

A
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Basic Logic Operations

There are only three basic logic
operations:
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Basic Logic Operations

The NOT operation

LOW () — >O0—HIGH (1)
HIGH (1) - >0 — LOW (Y

» When the input is LOW, the output is HIGH
* When the input is HIGH, the output is LOW

The output logic level
is always opposite the
input logic level.
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Basic Logic Operations

 The AND operation

— When any input is LOW,
the output is LOW
— When both inputs are

HIGH, the output is
HIGH
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LOW (D) —

} LOW (0)
LOW () —
HIGH (1) —
_)7 LOW (0)
LOW (0) —
LOW () —
LOW (0}
HIGH (1) —
HIGH (1) —
HIGH (1)
HIGH (1) —
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Basic Logic Operations

* The OR operation

—When any input is
HIGH, the output is
HIGH

— When both inputs are
LOW, the output is LOW
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LOW (

HIGH (1)
HIGH (1)

HIGH (1)
HIGH (1)

HIGH (1)
HIGH (
LOW {
:D HIGH (1)
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Overview of Basic Logic
Functions

Comparison function
Arithmetic functions
Code conversion function
Encoding function
Decoding function

Data selection function
Data storage function
Counting function
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Overview of Basic Logic
Functions

Comparison function

« Compares two binary values and determines
whether or not they are equal

Comparator Comparator
A>B —— - - A>B —— L OW
P Blln.lry A
code tor 2
Two
binary A=RH Outputs A=B —— LOW
numbers )
I B Binary e
A<B — @delon A<B —— HIGH
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Overview of Basic Logic Functions
Arithmetic functions

« Perform the basic arithmetic
operations on two binary values:
— Addition
— Subtraction of two values
— Multiplication
— Division

Adder
Adder Binar
y A .
A code 3 b Binary

b3 ode for 2
TS X Binary Cou — Binary [
- B C()ul — Larry out code for ¢ B

- - Binary 0 —
H ‘ n

Binary
- for 12 ication, Inc.

) rsey 07458
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Overview of Basic Logic Functions

Code conversion function

 Converts, or translates, information from one

code format to another

» Encoding function : Converts non-binary
information into a binary code

» Decoding function : Converts binary-coded

information into a non-binary form

D)
N R [
I | [
G | e

Calcularor keypad

Binary code
for 9 used for
storage and/or
computation

Binary input

I
A

l
A

7-segment display



Overview of Basic Logic Functions

Data selection function
» Multiplexer (mux)

— Switches digital data from any number of input
sources to a single output line

« Demultiplexer (demux)

— switches digital data from a single input to any
number of output lines

Multiplexer j I-‘,llJL, LJ_,J_L 1 oA #Judlﬂl'ﬂ

Demultiplexer

D
Data from

Data from Data from Data from _j |
AtoD BtoE CtF AtoD
Aty Ar
Ar At Ar At
B 1 2 3 1 / E
oO——0= > —> > > =0 —0
Af’l / Afg ’
(.I } At‘ 3 At3 F
Switching Swiiching
sequence sequence 1ti0n, Inc.
control input

control input ey 07458
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Overview of Basic Logic Functions

Data storage function

» Retains binary data for a period of time
— Flip-flops (bistable multvibrators)
— Registers

— Semiconductor memories, Magnetic-media memories,
Optical-media memories

Serial bits
on input line

0101— 0010

Initially. the register contains only invalid
data or all zeros as shown here.

First bit (1) is shifted serially into the
register.

010—1}0]0

Second bit (0) is shitted serially into
register and first bit is shifted right.

Ol— 04110

Third bit (1) is shifted into register and
the first and second bits are shifted right.

Sl L < il &

0—| 14011

Fourth bit {0} is shifted into register and
— O — -.-1 —+0 —-—1 the first. second. and third bits are shifted
right. The register now stores all four bits
and is full.




Overview of Basic Logic Functions

Counting function

» Generates sequences of digital
pulse that represent numbers

Counter

" —

1 2 '3 M5
Input pulses
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Parallel

output lines | Binary | Binary | Binary | Binary | Binary
code code code code code
for 1 for2 for 3 for 4 for 5

Sequence of binary codes that represent
the number of input pulses counted.
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Fixed-Function Integrated Circuits

|IC package styles

« Dual in-line package (DIP)

« Small-outline IC (SOIC)

 Flat pack (FP)

 Plastic-leaded chip carrier (PLCC)
 |eadless-ceramic chip carrier (LCCC)
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Fixed-Function Integrated Circuits

* Dual in-line package (DIP)

Notch

Pin 1
identifier

o ~1 O LA s LW b —
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Fixed-Function Integrated Circuits
« Small-outline IC (SOIC)

Notch

Pin 1
S, identifier

End view 6 CrEE o
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Fixed-Function Integrated Circuits
 Flat pack (FP)

End view
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Fixed-Function Integrated Circuits
 Plastic-leaded chip carrier (PLCC)

Pin 1
identifier
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Fixed-Function Integrated Circuits
 |eadless-ceramic chip carrier (LCCC)

Pin 1
identifier
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Introduction to Programmable Logic

« SPLD—Simple programmable logic
devices

 CPLD—Complex programmable logic
devices

- FPGA—Field-programmable gate arrays

Copyright ©2006 by Pearson Education, Inc.
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Introduction to Programmable Logic

« SPLD

— PAL (programmable array logic)

— GAL (generic array logic)

— PLA (programmable logic array)

— PROM (programmable read-only memory)

Copyright ©2006 by Pearson Education, Inc.
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Programmable Logic Array

- —e General Structure
. | X1 X2 Xp
Inputs Logic gates ‘ Outputs
(logic variables) an | (logic functions) l l l
—_— programmable = s s
: switches N
— — Input buffers
and
inverters
General Concept - -
x]. xl xn xn
| L B
AND plane : OR plane
P, -
From Brown & Vranesic’s fundamentals of digital logic l TS l
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PLA & PAL

Xq Xs X3

. . . PAL example
VY i
—X——x% 3 P
—% X D 22
X X—X D h
—%- X :) .
AND plane
PLA example

Note : PAL is similar to PLA except OR

From Brown & Vranesic’s fundamentals of digital logic )
plane is not programmable.
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CPLD & FPGA

-
PAL-like | .
block

PAIL -like
block

192019 O/1

T 1 Tl

Interconnection wires -
-l—
. =
PAL-like PAL-like . g
block block * §
-~
-
CPLD -
general structure §

From Brown & Vranesic’s fundamentals of digital logic

Slid

Logic block

FPGA
general structure

Interconnection switches

I/0 block

¥2019 O/

I/0 block




Test and Measurement Instruments

* Digital Oscilloscope
* Logic Analyzer

* Logic Probe, Pulser, S
« and Current Probe

« DC Power Supply =
 Function Generator =~ ™™
 Digital Multimeter =S ook

l
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General Designh Process

4

Define specifications

l C Design concepD

Initial design
- ¥
L
. . _ Initial design
Simulation Redesign
l ]
¥
. N
Design correct? ° - - . . .
/ Simulation Redesign

Yes -
' l

Prototype implementation Make corrections

Yes

Testin,
& Yes
l N

No T Guccessful design)
s > Basic Design Loop
de 36

Design correct?

Meets specifications?




Computer System

Computer

’ Motherboard

Il - L]

A [l
N 1
N 1
» i . . .
. ' Printed circuit boards
~ 1] .,
» -~ l' L4 ‘
. -
N .-
! N e e
L]
Integrated circuits, -~ .
connectors, and -’ .
components .’ .

‘ EEECA

00

\ Motherboard
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Design Process

'

Design one block

A
1 -
Partition
' ‘ B
.o Design one block
| i c

-

Define interconnection between blocks

i

Functional simulation of complete system

;

Correct?

Yes

No

'

Physical mapping

L

Timing

simulation

l

Correct?

Yes

No

Implementation

(Implememation)

Build prototype

Testing

l

Yes

Qinished PCB )
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Modify prototype

No ‘
Minor errors?

Goto A, B, C, or D in Figure 1.6

PCB development



