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Digital

MODULE 1:
DIGITAL LOGIC OVERVIEW

Digital and Analog Quantities
Binary Digits, Logic Levels and Digital Waveform
Introduction to Logic Operations
Overview of Logic Functions
Fixed-Function IC

Programmable Logic Devices (PLD)

Analog quantities

Most natural quantities that we see are analog and
vary continuously.

Analog systems can generally handle higher power
than digital systems.

Temperature
an o Example:
100 .
s o L - _ * Time (t)= 10.16s (second)
Ana | o g Qu antities ol « Pressure (P)=220.10KPa (Kilo Pascal)
85 - / \\ * Energy, Power = 100.5KW (Kilo Watts)
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Digital quantities Analog vs Digital

Temperature Example:
o Analog
n * Band Width (BW) = 1Mbps (Mega Bits Per Second) T
100 + Storage RAM = 512MB (Mega Byte) * Use base 10 (decimal)
9% = 1 « Hard Disk = 160GB (Giga Byte) » Represented by 10 different level:
0 0,1,23,4,5,6,7,8,and 9.
85 [~
a0 * Analog system: A combination of
— devices that manipulate values
o - I I T T T I I I represented in analog form
| Time of day
1234567 891011121 2 3 4 56 7 8 9101112 Icm:):;l;\lurc
A.M P.M
* Digital systems can process, store, and transmit . / \
data more efficiently but can only assign discrete » E
values (discontinuous) to each point. TR T e
Resource: Floyd, Digital Fundamentals, 10t Edition 5
%, +x
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Example of sampling analog- B /
to-digital (frequency at least 2 s
times higher than analog) AT
; \ 1
% //
. . y N -
I{)Slgill‘i':lsmpped) df : b N {
Analog ny
{Smooth) . r LI
E T ! . lower sample rates take fewer snapshots  faster sample rates take more
@ . . - I Of the waveform ... shapshots...
Time - * - =
htp:/fww howto/bg-digital. htm - - " .

"aet resulting in a rough recreation of the resulting in a smoother and more detailed
http://www.geardiary.com/2011/04/01/music-diary-notes-the-brave-new- wraveform. recreation of the waveform.
world-of-digital-music/digital_sampling/

http: 306.blogspot.com/2010/10/waveforms-ad-conversion-sampling. html
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[ Self-Test: Which of the following N Answer
belong to analog system?

Resource: Google searched Resource: Google searched

Example: Analog systems | Example: Digital systems

Resource: Google searched Resource: Google searched




Digital

e Digital technology is relatively new compared to
analog technology, but a lot of analog systems has
been changed to a digital systems, Examples:

o Computers
o Manufacturing systems
> Medical Science

Digital

(a) Computers

(b) Manufacturing systems
(c) Medical Science

(d) Transportation

° Transportation
o Entertainment

o Telecommunications P ————
e

*DSL-2320B (ADSL Modem)

Resource: http://www.wirelessnetworkproducts.com/dsl-2320b.aspx

(e) Entertainment
) Telecommunications

Resource: http://www.wirelessnetworkproducts.com/dsl-2320b.aspx

Exercise: Match the picture to which digital
application system it belong to.

‘REENOR N

The Digital Advantages

B Ease of design
W Ease of storage
B Accuracy and precision are easier to maintain
B Programmable operation

B Less affected by noise

B Ease of fabrication on IC chips

o

[+]

O Thus, the digital systems is more efficient and reliable
for:

- Data Processing
- Data Transmission
- Data Storage

=]

o

Digital Disadvantages

Greater bandwidth

Sampling error

Sampling Error (Quantization Error): is derived from Analog to Digital Conversion Process:

Bit0 and 1

Analog Sampling & Quantization

Compatibility with existing analog systems
Short product half life

http://www.tvjuneau.com/images/HDTV-Resolutions_Full.jpg

SDI(NTSC)
(525/x700)

6Mhz

1080/HD
(1920/x1080)
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Laserdisc, CD, minidisc
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Analog and Digital Systems

* Many systems use a mix of analog and digital
electronics to take advantage of each technology.

CDdrive
@ Cony cr_amn ,‘.-\I)L
. L \ - or DAC
» Atypical CD player accepts digital data from the CD
drive and converts it to an analog signal for 710110011101 _| pigital-to-analog W Lineer aplifier >>>
oy ) Speaker

am pllflcatlon . Digital data =~ converter Analog

reproduction
of musicaudio
signal

Sound
waves
1. Convert digital sound (CD) to analog
2 Process (amplifi’) the analog information
3. Convert the analog signal to sound
hitp:/Awww.it-echo.com/2009/11/14/by ic-syst d-multi-cd-changer-bundie.html
http://cdn-static.zdnet.com/i/story/61/18/006128/31929466-2-440-overview-1.gif
Resource: Floyd, Digital Fundamentals, 10t Edition Resource: Floyd, Digital Fundamentals, 10t Edition 18
codrie HIGH SPEED
Converters

Vet Yy Conversion: Ny
10110011101 Digital-to-analog Linear amplifier
Digital data  converter Analog |
reproduction
of musicaudio Speaker 4 mam!
signal
Sound
v ™ .

http:/iwww.idt.com/products/data-converters

Hybrid System

Analog to Digital Converter (ADC):

e The audio CD is a typical hybrid (Analog & Digital) * Convert analog signal into digital signal using process such as
system. sampling, quantization process and digital conversion.
> Analog sound is converted into analog voltage using a » Error will occur during the sampling and quantization, hence

microphone. loss of information can happen.

> Analog voltage is changed into digital through an ADC in
the recorder.

o Digital information is stored on the CD .
o At playback the digital information is changed into analog

Digital to Analog Converter (DAC):
* Needed if the speaker is using analog system.

by a DAC in the CD player. * Need to convert the digital data to analog
e The analog voltage is amplified and used to drive a signal in order for the speaker works properly
speaker that produces the original analog sound. and the sound can heard by human.
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Binary digits and logic levels

Digital electronics uses

e o circuits that have two states, Vi
Dlglts, which are represented by HIGH
. two different voltage levels: Vi [
Logic Levels
° HIGH (bit 1) Vi SRS
and ° LOW (bit 0) , Low
Lminy
Dlgltal WaVEfOrm A bit can have the value
of eitheraOoral,
depending on if the 10 1 0 1 0 o
VOItage is HIGH or LOW. 1010100 represented as electrical signal
HIGH - -
Rising or Falling or
- Digital waveforms change between the LOW leading edge ‘tf/a"ingedge
and HIGH levels. Lo
b b

« A positive going pulse is one that goes from a
normally LOW logic level to a HIGH level and
then back again.

() Positive—going pulse

Positive Logic

- Digital waveforms are made up of a series of (active high)
pulses.

High = | (Bit |)

Low =0 (Bit0)

Resource: Floyd, Digital Fundamentals, 10t Edition




Symbols to show the input state of “active high” and “active low”:

“active high”

“active low”

Periodic signal Aperiodic signal

: ) Cloan signal
Sine ¥
0s

2 106 200 300 400 S00 600 700 800 900 1000

Homwe

02
Square °
02

100 200 J00 400 SO0 600 700 GO0 600 1000

1oy $igral

os
Triangle
O 6306 %00 400 00 803 00 WO W00 1000
_— " — - /l/ _— Sawtooth
s _— _— L _—

Digital Waveforms

e Two type of squarewave

.

« The signal keep on repeating after a period of time

| L

|

i

Period = I'=T,=T) = =T,
1

1

—

Iy

Frequency = &

Ml Non-Periodic / Aperiodic

* Doesn’t have a period

Periodic Signal Parameter

O Frequency (f) is the rate at which the signal repeat itself
at a fixed interval. Is measured in cycles per second or
Hertz (Hz) |

f= T Hz

O Period (T) is the time from the edge of one pulse to
the corresponding edge of the next pulse. Is
measured in second

1
T= 7 seconds



Metric Conversion Chart

O Example: ) ot oo
W clock frequency : f = 100Hz, wits | Oent o
so, period : T=1/100Hz =0.01s = 10x 103 =10 ms Tor LM | o
10?2 E
s >ms(x10%)
ms=>s (x10? H 1
(X107) Unit Conversion
Some examples of periodic signal display on the oscilloscope:
5 + Kilo (K)= 103 + Mili (m)= 10"
= + Mega (M)= 10°¢ ¢ Micro (n)=10°
! * Giga (G)=10° ¢ Nano (n)= 10"°
S ¢ Tera (T)=10!2 & Pk — 1012
(a) Square waveform (b) Sinusoid waveform Piko (P) 10

¢ Mili (m)= 107
¢ Micro (n)=10°

* Nano (n)=10” Exercise 1.1 : Calculate the frequency of signals if time

E le- f=100KHz. S * Piko (p) = 10 period are given as the following:
xample : f= z, So
T=1Uf
= 1/(100*10°Hz)
= €10 -3
=0.01*10"s 2) 10ms= "
P =0.0lms -
: =10 US by 1007 = KH:
T 001% 109 sx 107 ﬁ:"’0"6717’”?”’iv(f)?"éﬂié"ifbéﬁ _
§ = Eo 01 * 10- 313) ms | _ §0 01 * 10- 326) us c) 100ns = MHz
= (0.01 %10 ms = (0.01 * 10%) us

= 0.01 ms | =10 ys d) 1000ps=__ GHz




Pulse Definition

Exercise 1.2 : Calculate the time period of signals if the e Pulse is a rapid, transient change in the amplitude of a
frequencies are given as the following: signal from a baseline value to a higher or lower value,
followed by a rapid return to the baseline value.

* Pulse width (t,,): A measure of the duration of the pulse.
* Rise time and fall time is a measure of how fast the pulse

a) 1000KHz= ms h
cha nge. Overshoot
“/_ Ringing
b) 100MHz = ns YTt Droop
_ 90%
Amplitude : :
- 50% gt : !
C) 1000GHz = ps ! Pulse width :
I I
10% | i i ' Ringing
d) 100THz= DS Baseline ! i i ! Undershoot
Rise time Fall time

Repetitive Pulse Waveform

Duty Cycle
« In addition to frequency and period, repetitive pulse
ngeforms are described by the amplitude (A), pulse a Duty cycle is the fraction of time that a system is in
width (t,) and duty cycle. an "active" state (operated), defined as
» Duty cycle is the ratio of t,, to T. Duty cycle = (t /T)100%
f= I ©
Volts :H"n.‘
P.ulse % i 20 III f (ms)
Amplitude (A) gv'f)th Example : a periodic digital waveform has a pulse width
1 L—] (t,) 1ms and period time (T) 10ms, calculate duty cycle?
. Time
be— Period, T—y Duty cycle = 1ms/10ms * 100% = 10%




Exercise 1.3: Given the duration or period of a system is Exercise 1.4: Given the duration or period of a system is

1000ms, determine the on state and off state 1000ms, determine the on state and off state
of the system that operate with the ratio of of the system that operate with the ratio of
duty cycle is 25%. Show your works. duty cycle is 50%. Show your works.
On State ) On State Off State )
Off State
250ms 500ms
Solution 1.3: <— T=1000ms —> Solution 1.4: <— T=1000ms —>
Duty cycle - on state Duty cycle - on state
=25% " 1000ms = 25 - 1000ms = 1- 1000ms = 250ms =50% "~ 1000ms = 50 - 1000ms = 1- 1000ms = 500ms
100 4 100 2
Off state : =1000ms — 250ms = 750ms Off state : =1000ms — 500ms = 500ms

(module: page 18) 37 (module: page 18) 38

A timing diagram is used to show the relationship

Exercise 1.5: Given the duty cycles of a system is 40% for a
duration of a system is 500ms.
a) Calculate the pulse width of the system.

b) Determine the off state of the system that between two or more digital waveforms,
operate with the ratio of duty cycle. L e s a4 e e s
onow yourworks LU (e
Clock ! ! ! ! ! ! ! : A, B, and C LOW
Solution 1.5: 01 1 1 01 1101 11 01 1 0
AN Sy N
a) —tW Period =500 01 0 11 T 01 0 01 110
DutyCycle = (2-)100 b) eriod = oUUms s LT
T OnState =t,, = 200ms L T T S
—rtw c ! Lo ! I
40 = (%)100 \.500 - 200 = 300ms
_40(500) _ 200 A diagram like this can be observed
Y7100 S directly on a logic analyzer.

Resource: Floyd, Digital Fundamentals, 10t Edition

(module: page 18)



Example: Timing Diagram Example: Timing Diagram

Bit time 3 Bit time 7
Clock _!_‘JI_‘_!_L!_I_W_ Clock |r‘|put Output
Hplplini/pipipiniglh ittt e A e ] e
T T 2 s a4 s 6 78 REE N B 1 1 0 0
I I 1 1 : 1 I I } I 1 ]
At ] L L e 2 ] 0t 0
| i | i i i T B B R B m 3 1 1 0
T T e e e e
B __ | i I | 4 0 0 1
| | | | | | | |
c i | | | i i i 5 1 0 1
I ! 6 0 T T
A=?B=2?C=7? A, B, and C HIGH ise: 7 1 1 1
' , /B and C Exercise: Complete the
Aand B = HIGH = 1, B-1, truth table. 8 0 0 0
C=10W =0 c=1
Resource: Floyd, Digital Fundamentals, 10t Edition 41 Resource: Floyd, Digital Fundamentals, 10t Edition 42
1]of1i1]o iof1]o
Computer CELEL NN _ a5 b b > Modem
Data can be Serial data .
. . .
elther Serlal Computer !i! Printer to
transfer 1 a .
or parallel transfer. g 1 Logic Operations
- el
- to ! =
g 101 \ «g
o I

Resource: Floyd, Digital Fundamentals, 10t Edition




Basic logic function

Logic Gates: NOT

X Z X YA

HIGIHH~D07 LOW (0) L()\\'(t))ADo—HIGIHI)

NOT operation

AN True only if all input
conditions are true.

@ True only if one or more
input conditions are true.

N@T Indicates the opposite |>
45

Truth table shows the relationship between output and the input.
el 3] ol Br] Po] P [¢]

Truth Table for NOT [ [ |

n

Aoy
~
N
o
5

condition (inverter).

@
a

ET B E

K|

L]

7404 IC six inverters

Resource: Floyd, Digital Fundamentals, 10t Edition

Logic Gates: AND Logic Gates: OR

”IGH(“:D—HK'H | LOW (0) T
HIGH (1) LOW (0) ; T ; L)
:D—Hl(;ﬂm :D—L()W(O) HIGH (1) HIGH (1)

HIGH (1) HIGH (1)

HIGH!I)D“K fii LOW“”:D;U)“
- 7 H / (0)
HK’H(”:D—LOW (0) = ‘(»:D—LOW (0) LOW (0) o LOW (0) {
LOW (0) LOW (0) OR ti
operation
AND operation

XV Eﬁlit’ﬁl_‘ 0/0|0 E,%_I
Truth TableAND |0 |0 ]| O
NERE S 2408 Truth Table OR 01111 5 432
110(0 1101
1 1 1 1 1 1 Gnd
CT T BT BT BT BT I LI G B B EDED K]
7408 IC four (Quad) AND gates 7432 integrated circuit provides four (Quad) two-inputs OR gates




Summary
AND EIE MHARD & |-
A oojo 001
®»{01(0 ®|o1
B 1 001 B 1 0101
¥=5a-B 111 ¥K=2 B 1110
QR A B MOR A Blx Exclusive-NOR gate =
A oojo|l A ool 0
j>—-}{ 011 j>o—-}{ 010 InputA:) outout verview
B 1ol B 1 0|0 it p
m=A+08 111 W=p+H 1110 of
oR e XNOR ;\ g OU:PU‘
A ool . .
X011 ol o g
)il e 10 Logic Functions
W=5aaE 11]0 1t 1
Buffer Inwerter (WOT)
Y X Equivalent gate circuit
& ¥ 1|:| 1|:| 2 ¥ {01 '
_ 1]0 npuujj > |>
W=A W= i Input, Output

Basic Logic Functions Comparison Function

o Any digital systems has one or more of the

following function. :

Q This functions are built from the basic gates. . LA sy | L | Low
« Comparison Function e _l Slefocd T
* Arithmetic Functions :ﬂmm A=B|1— Outputs | A=B|— LOW
« Code conversion function | 5 _I co fors EED| 2 ,
+ Encoding function BT Ach e

* Decoding function

{a) Basic magniude comparacor {b)y Example: A islessthan B (2 < 5) as indicated by

» Data selection function the HIGH output (A < B)
» Data storage function '
« Counting function




Arithmetic Functions

e Adder . , , :
All the other arithmetic operations can be derived from adder:
Adder
p— Binar
T - T [ Sum codef;r.?; —> ~ r_Bmary
'wo = code for 2
i ‘ [ Subtraction is and addition of negative number such as A-B = A+(-B)
num 'rs_\’ - Cout Carry out Binary :\ ‘ﬂnﬂl}’l
C‘—g > code for 9 ¥ [  Multiplication is a repeated addition such as A*3=A+A+A
arry in =+ G Binary 0 =——{ C, B_
code for 12 1 Division is a repeated subtraction which is a repeated addition such as
(a) Basic adder (b) Example: AplusB(3+9=12) 6!3=6-3-3=E+{-3]|+—{3}
e Subtractor - subtract until the remainder = 0
e Multiplier - total number of subtraction = 2 which is the answer
e Division
Resource: Floyd, Digital Fundamentals, 10t Edition 53 54

Code Conversion Function

A @@
e A code is a set of bits arranged in a unigue pattern and 3
o . . v\ j— @
] - s X
used to represent specified information COA C 509 m O-?' ~ VG = s
o Examples : BCD, ASCII 1 P " — §‘ ’;«f?*"'
- s 3 o S QU & > ;rﬁ?‘”‘—'«’g
e The usage of codes allow a faster and more efficient i acehocksmiteysinfo comiup-coteruploads2012004Sey S 4 = !

. s L-s Facebook-emoticons.jpg f\/% - q \
data processing. s N C . J 1\4\;\\

Sed rel

htp: com/2 K-illustrat bic-alphabet.html

| g ¥ ‘
YDA o2

hnp //al\enmalhblog files.wordpress.com/2012/01/integers.jpg




To send this:

%3 Smile

;': Surprised

55 wink

&% Confused

, b Crying

'r'“ Hot

2 Angel

ze Don't tell anyone
P2 Nerd

o Secret telling
S5 Idon't know
Yy Party
hittp:/Avww.cool-smil hwp

ML A
AR
B

JUUL e

ntent/t

Type this:
=)or:)
:-Oor:o
i)ors)
-Sor:s
#(

(H) or (h)
(A) or (a)

A)

<:0)

1
loads/2009/06/reg

Data Selection Function:

http: microsoft.com/e libi 80).asp
Ctrl Dec Hex Char Code Dec Hex Char Dec Hex Ch?rl F Hex Char
~a| o |oo N ERE] 64 40 [ @ @ K
~a |1 e soH | (33 |21 | ! 65 |a1 | A + \
~g | 2 |02 stx | |34 |22 |~ 6 |42 | B )‘/,
ac| 3 |03 erx | |35 |23 |# ||e7 |43 | C Q@
~n | a4 |na ear | las l2a |4 er las [ D 1 ‘
s | E w0t fes. =
6 | F 10z |66 |°f
&5 Open-mouthed -Dor :d 716G ||ws]e7 |9
i | H 104 |68 [ h
% Tongue out :-Por:p |1 ws 69 | |
w ] 106 |62 | ]
22 Sad == or i B K 107 (68 | k
ic | L 108 [6C | |
2 Disappointed =] or:| o | M 109 | 6D | M
e € | N 10 [6E | N
*%)  Embarrassed -$or:$ ¥ |0 1u1|sF [0
= o | P 12|70 [ p
@ Angry -@or:@ i | Q 13|71 [ q
2 | R 14|72 | r
@ Devil (6) i3S 115 [73 | §
) | T 16|74 | t
Baring teeth 8o| 5 | U 17|75 [u
: . s |V 118 |76 | v
Sarcastic o) 7 |W 119 |77 |w
; s | X 120 |78 | X
Sick +o( @ |y | |azfre |y
A ia | Z 122 |78 | 2
i I
Thinking ) B [ w237 | {
; i€ |\ 124 [7¢ |}
) Eye-rolling 8-) e 1 25| |3
l2notcamjdgte | & |rs 62 |3E | > 94 |5E | A 126 |7E | ™
[~ |31 [s¢ |w |us | |63 [sF |? | |os |sF | = ||er|7¢ | B0

* ASCTI code 127 has the code DEL. Under M5-DOS, this code has the same effect as ASCIT 8 (BS).

The DEL code can be generated by the CTRL + BKSP key,

MUX & DeMUX

Multiplexer
Datafrom | Datafrom | Datafrom | Datafrom
Ato D BtoE CtoF Ato D
Aty At, Aty Aty

JUTUUUL L L UL | pemuitiptexer

D
——o JUINn
Aty

E

Switching
sequence
control input

Switching
sequence

At

Aty

control input

o UL

i I

Encoding & Decoding Function

Binary code
for 9 used for
storage and/or
computation

The encoding function

Calculator keypad

The decoding function

Decoder

Binary input

7-segment display

Resource: Floyd, Digital Fundamentals, 10t Edition 58

Problem:

Many inputs (e.g. A, B and C) wanted to use a single transmission line for their data transmission. How to
make sure the data is transferred in a proper manner (issue of cost, synchronization, conflict, crash, loss?)

Source (A, B, C) and Destination (D, E, F)
A=>DB=2EC=>F

Solution:

: select and permit only one device can use the line and transfer its data at one
time.

Data in the transmission line would be arranged as A, B, C

BIS\VE- select and route the data to their originate destination
A>D,BD>ECDF



1 Counting Function e

+ Traffic light

* Washing machine

Data Storage Function

Flip-flop

+ Xerox machine

. CDU nter + ATM machine

* etc.

Flip-flop stores a 1 or 0 only > To count the occurrence at the input.

° to initiate a controller after a certain count (period).

Registers
> Formed by combining several flip-flops

Semiconductor

. . . Memories
o 8-bit register =» from 8 flip-flops
e Semiconductor Memories 7
o e.g. RAM, ROM FIaSh y )'M Counter sﬂsgﬂines Binary , Binary , Binary , Binary , Binary
! ’ Blu-rayDisc L code | code | code | code | code
e Magnetic/Optical Memories Optical Memories 12 3 45 fort | forz | for3 | ford ] fors
. Input pulses Sequence of binary codes that represent
o For mass storage =» e.g. hard disk, tape, DVD, Blu-Ray the number of input pulses counted.

S e _
o > ],’7
! L ,'

O
An example of laboratory prototyping is shown. The
circuit is wired using DIP chips and tested.

In this case, testing

Fixed-Function
Integrated Circuit (IC) e e

the system.

(Dual In-line Package)




IC Packages

Other surface mount technology (SMT)
packages:

DIP chips and surface mount chips

Dual in-li K Small outline IC SOIC PLCC LCCC
ual in-line package mall outline (small-outine IC) (Plasic Loaded _ (Leadless Ceraric
(DlP) (SOIC) Chip Carrier) Chip Carrier)
Resource: Floyd, Digital Fundamentals, 10t Edition 65 Resource: Floyd, Digital Fundamentals, 10t Edition 66

. - Integrated circuit
IC and conventional Printed Circuit Board ( PCB)

H through-hole technology H

Cutaway view of DIP (Dual-In-line Pins) chip:

Plastic

IC Packaging: Why we need packaging?
* To protect the IC (circuit)

L AR
“l.\\ a7

* Have a pin system so that can connect to other circuit

: b k/pcb-
http://jeelabs.org/tag/teardown/ http:/www. p co.uk/pcb-pro -html

Resource: Floyd, Digital Fundamentals, 10t Edition




Pin Numbering

Pin |
identifier

3 /9
A

Pin |

identifier

http:/iwww.rkonlinestore.co.uk/556-dual-timer-ic-16-
pin-dip-pack-of-4-391-p.asp

9 13
(a) DIP or SOIC (b) PLCC or LCCC

Module 1

Complexity Classifications
for Fixed-Function ICs

Integrated Circuit Technologies

Some examples of IC technologies:

O Small-scale integration (SSI) o TTL (Transistor-transistor Logic)
have up to 12 gates on a single chip T RS Emitter-Counled Lo

O Medium-scale integration (MSI) P byt i g » ECL (Emitter-Coupled Logic)
have from 12-99 gates on a single chip

O Large-scale integration (LSI)
have from 100-9999 gates on a single chip ;

O Very large-scale integration (VLSI) A o BiCMOS (Bipolar and Metal-Oxide-Semiconductor)
have from 10,000-99,999 gates on a single chip ;

O Ultra large-scale integration (ULSI) R
have from 100,000 and greater equivalent gates on  wmwnsenagazne consicorn ‘
a single chip CMOS -

ntetgi‘/%%vé/.yc_rperﬁg\e/?ﬂlsgg?etwork.comldcplnews/cmos

72

o CMOS (Complementary Metal-Oxide—Semiconductor)

LS\ S o NMOS (N-Type Metal-Oxide—Semiconductor)

AN




Overview of PLD

S R _
5 ,V: "
www.utm.my

O Fixed function

O A specific logic function is contained in the IC
(hardwired) and can never be changed.

O PLD
P rog ra m m a b I e O Logic function programmed by the user.
BMSome, can be reprogrammed many times.
O Advantage

Logic DEVices ( PLD) B More logic circuit can be ‘stuffed’ into much smaller

area.

HMCertain PLD, design can be changed without rewiring
or replacing components.

MCan be implemented faster once the required
programming language is mastered.

I E——————————————

Types of PLD | Types of PLD: CPLD

3 major types (SPLD, CPLD, FPGA) 2. Complex Programmable Logic Devices (CPLD)

1. Simple Programmable Logic Devices (SPLD) > Much higher capacity than SPLD (2-64 SPLD)
» Can replace several fixed-function SSI or MS| * More complex logic circuits can be programmed
* First type available * Typically in 44 — 160 pin package

* A few categories
* PAL (programmable Array Logic)
* GAL (Generic Array Logic)
* PLA (Programmable Logic Array)

LU

* PROM (Programmable Read-Only memory)

(a) 84-pin PLCC package (b) 128-pin PQFP package




. Types of PLD: FPGA : PLD Programming

« 3. Field-Programmable Gate Arrays (FPGA) » Logic circuit entered using 2 basic method
Graphical entry
; 2 g o « sch tic di —D L
u Different internal organization than SPLD and CPLD senematic.agram : ‘w
=Tl -3

o Greatest logic capacity
= Consist of 64- thousands logic block (logic gate

groups) o Text-based entry (language based entry)
o Classes * Using Hardware Description Language (HDL)
= Fine grain (smaller logic block) x : * E¢ABEL, CUPL, WinCLIPL TRE deier
. 3 * Becoming widely used ASCO pin 1234
m Coarse grain (large logic block) especially for CPLD and FPGA p
uatons
- VHDL 5
W=BA&C#B&D#CA&D=#A
* Verilog X=IA&D#B#C
Y=!A&'BA&D#C;
Z=IBACZD

Resource: Floyd, Digital Fundamentals, 10t Edition 78




