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ABSTRACT

This thesis prescnts Basic Digitai Training Set with laboratory documents. The
training set consists of photo board for connecting circuit with wire, display logic switches,
astable circuit mulivibleter, LED outpul display, 7-Segment output display, Driver load
circuit and 3 set of hasic TTL testers. This project can be applied to the class of basic

digital logic for students in the diploma {evel.
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‘ﬁ SGS-THOMSON

MICROELECTRONICS

M54HC147
M74HC147

10 TO 4 LINE PRIORITY ENCODER

» HIGH SPEED
woz = 16 ns{TYPjatYgoc =6V

» LOW POWER CISSIPATION
g =4 UAMAX yat T, =25°C

= HIGH NOISE IMMUNITY
Viek T Ve T 28 % Voo (IMINL

a OUTPUT DRIVE CAPABILITY
10 LSTTLLOADS

« SYMMETRICAL GUTPLT ‘MPEDANCE
ianl =loe =4 mA (MIN

« BALANCED PROPAGATION DELAYS
t_p S IR

« WIDE OPERATING VOLTAGE RANGE
Voo (OPR)}= 2V 0B Y

« PIN AND FUNCTION COMPATIBLE
WiITH 54/741.5147

DESCRIPTION

The M54/774AHC 147 18 a high spead CMO5 10 TO 4
LINE PRIORITY ENCOGER favrcated in siticon
gate C°KOS echnology. | has the same high
speed performance of L3TTL combined with true
CHMOS low power consurmplion

This devace features priorty encoding of the inputs
to ensure that ondy the highest ordar data ine s en-
coded. Ning input lines are encoded to a four ine
BLCD output. The imphed decimal zerp conditon re-
quires na input condition as zero is encoted when
alirme dataknes are athighiogic level. Alldazainput
and outputs are actrve at the low logic level. Al in-
puts are equipped with prolection circuis against
statc discharge and ransient excess voltage.

INPUT AND OUTPUT EQUIVALENT CIRCUIT

-~

B1R F1R
{Plasic Package: iCeramic Package)
M1R CiR

Micro Package) {Chip Cafrien
QRDER CODES :
MEIHC147F 1R MT4HCT4TMIR
MTAHC147B1R M74HC147CIR

PiN CONNECTIONS {top view}

L] L1}
7 b}
L NG
] 2
c ]
Hl = 11 411
Nz It At e e
Carracton a g ¥va

Detober 1952

710
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M84/MTAHC 147

TRUTH TABLE

OUTPUTS

INPUTS

K Dontlane

LOGIC DIAGRAM

2190
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LM555/LM555C Timer

General Description

Tho LMSES 5 a Inghly stable devece for gonoraling acswals
tene Ielays or asatiabor. Addional lermatals ane provided
{on tnggenng Or rosetting 4 cosred in the e Jolay MOaG
of oparation, the time s precisoly contratiad by one o darpal
toRislor and cagacdor. For astable opedabonr as an ascilla-
tor, 1he oo evnng flequorsy and Suty 2y2le are nocurately
contied with teo oxterral foustons and ore cagadto
The cwcul may DE Ligger od ard msot o falkrg wavefoms,
ang the outpul cHmuil oar 5DULE o ik up 1 300 mA o
dmep TTL crams

Features

8 Droctieplicomeny Tor SCOSSSNESSS

W Tirssg ons minsesorgs through bours

& Dporatas w bolh astable and monostable mosos

National Semicoenductor

Febyuary 1905

® Adjstable duly Sycle

8 Oulput can sourco of sink 200 mA

8 Oulput ang sugply TTL compatbic

B Temporawrs stability botlor than £.005% per 0
| Nownally on and rommally ot ouput

Applications

B Procs&an unming

B Pulso gonoraton

B Seguental tmng

B Time Sclay gonesaton

B Pulso widlh modalation

8 Fulso position modulation
# Lirogt ramp gereator

Schematic Diagram

?
THIRGA B oo i

L3
e [3:3

L4

TEERRBEL |
o %

|

TurHimE

- o TR

T 208 Mol Rlmiiar o (o pwanar

BED-INA SR ) R A

daul] JSSSWI1/SSST
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Typical Performance Characteristics

Minimuim Puise Widin

Required for Triggenng
12 : .

1y vy W LG
RO e v e

L R L 1 4 i
P ooy
B ;e e 1

bl B TV
LT

L e AR

41 bt

4 i L

Q1 5+ ¢ ¢ - ;

MR UL WO T

3 LE & al 1)
CORESN VO TREL LIVES OF TRISGRR P SF 1K Ny )

Low Ouwput Voitage va
Ouipua Sink Current

ey

Oidput Propagation Delay v

Voltage Level of Trigyer Pulae
LE R
. tenre

FROPACA T B 2% e
i &£ & %

¥+ W 1&?‘%

L] (1] e 41
LEMEET V0L ERS LRVEL B TRILGES Pl s] < 0

Suppiy Current vs
Suppiy Voltage

[F4

TUMRLY LURRERT fmcky

SUPPLY WRLYAGE v:

Low Outpul Yorttage va
Output Sink Curcem
g

R -

@

E

Outpwt Propagation Delay vs
Vaitags Lev
qew e os e oo

TROPREA TIDN BELS Y

E 1 F¥] (33
COWEST wLTARF 11981 OF TRIGGER JolR W5

o} bt

Discharge Transistor (Pin 7)
Voitage ve Sink Current
TR b R TR P — "

Yoor mWI MY T

Doy vy Paag ¢

High Ouwtput Yoitage va
Outpus Bource Currem
: Y t
L] Nt WL
4
(¥
11
1
(1]
o
[ 27
a2
+

¥ag: ¥

¥r

Low Ouput Yoitage ve
Quiput Sink Currant

Discharge Transistor (Pin 7)
Yoltaga vs Sink Currem

; e
3w
15
L1 T} 10 L [t
My R WM S

L rmsy 2
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Applications Information

MONDSTABLE OPERATION

In this mide of apbrabibn, o bmer furchons as a oane-shol
Fapuri 1) The exierral capactos 5 m dadly held gsshargod
by a lrarastes insfo tho kmet. Upor appheatinn of a noga-
WO tgRer puiso o less thar 13 Vo q o p 3, the lie-flop s
S0l whagh Doth z0ledse s o shott Cxiul amoss tho Sapatk
M ang gaves tho oulpud bgh.

4y 10 I

r Py O vy
| - )
1. X
} T. b
<
TRGEEN sstAAngE
ALY S D7 )
0N AD -
140
i . P HAESNOL L
| CoN1pgL
Guteui Hy o JUALTALE e
WoRMALLY § o : -:1....
BFE LA -
s I LLJE
=
B4 b

FIGURE 1. Monostable
The volago aass 1he Capacdor hor o 0asE% DRPopN-
taily for a perioc 1 <« 11 R O, af the ond of which tine
the voltage oquals 271 voo The comgarator thon rosets
o e flop winch ot decharges the capacitor and
dreve g I oulgal 10 45 Tow state. Fgure 2 shows 1ho wave-
formg phnidated m this modo of opsatior. Soce the charge
ang the twesholl iove] of the comparalr are ot suodily
proportonal (o supply voltage, the tmaeg nipmal 1§ indo-

pendont of supply
IO

[ ’ :
n

5 L.
-/

3

R
h

TR TRV RPN

[IEDEF IS
W v 5V Tog Frace ol $v 0w
BE o~ 3 a i ot 1vacs Oakad 59/ 0
Ha TR Hotlon [ace Capasied vidtags DN Dy
£ adl ué

FIGURE 2. Manostabie Wavelorms

Dunng tha brrerg oyclo whor the nolput 6 gl e Gl o
appianon of a INgGor polse will rol oifedt Ne aut so
01t as the Ugget mpad &% rolurned hgh al least 19 ps be-
tore the ard of the tinurg intoral. However the Secud car
bo tosel gurrg thes WG by the appboation of 2 rogauve
Pulse 1o o rosat tomeral (g 4). The output will her re-
mad: 0 the o state unbl a Wiggll pulse & agmie apples

When th sl linchor & 601 n use, it is recommaended
that +1 kb tonnocted 10 Vi 10 avold any possiility of false
triggering

Fgue 3 ® a romograph for oasy dotermination o1 A, C
walues for vanous ime delays.

NOTE: I moadstible oporatne, tho rigger should be driv-
or: high before tho ent of lning oycle.

02
-
W
2
- 1
&
g
% 21
1.
‘.
ooags] A
Gt

100y 00 g% e g 108w 1y H0% WD
by ~ FINT DELAY

Foodrmie. r

FIGURE 3. Time Delay

ASTABLE OPERATION

if the drout 1§ connectod S shown i Figure 4 {ping 2 ad B
connectad) it will tiggor #80lf and freo ron as a multvibrator.
Tho edemal capacdor Charges theough R — R and di-
chaorg es thepugh Ra, Thus the duty cysks may bo procmsoly
sol by iho ealio of those teo rosiston,

¥ . aman AL
i
f .
| b
£ K
I '
[
§ ) ? 1
| s
l d."'
[T R

f
i
’m el

[ 5 -] =
%" T

l [N
H
=
-
Iyl a%t -8

FIGURE 4. Astable
in this mooe of operabon, tho capacitor chamghs ang is.
2haig o8 botwedn 177 Voo and 270 Voo, Ag i tha UG rod
modo, the chargo ang gischarge Timos, and therpiors the
faquoncy a0 indopendent of the suppty voltago
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Applications Information comruce
figere 5 shows 1o waveformes gorosatod n Hus mode of
opee abon

Vi njorait- 4
Vg = 5 Voo Face Sugal v
Folll ~ 2% g3V Boln Trace Capack Vallage 190
TR -2 X3}
g = Ixn
[ Y. TR

FIGURE 5. Astadie Waveforma
The charge trro (Dutpal mghs & §ar Dy
1) = 2683 {Ra ~ AR S
And the dschargn i {oulpt fow) by:
ty = 3803 (Ag) &
Thas the total poriog s
T~y =ty = 3893 (Ra ~ER@ O
The frocuency of oacillauon 4
. 144
Y W - 2Rg T
Figure 8 hay B wwod for guck delonmirauon of these RO
values

b Fa

Tie duty Cyche s: Ra - 2Rg

L+ GAPALITAMRE {61
=

-
I

B ] 16

98 e
t - FR3E HUBNIRE + AEQUENEY T}

Em MOk

Fiodssaby 4o

FIGURE 5. Free Running Frequency

FREQUENCY DIVIDER

The monostable croun of Fapee 7 can Do used a8 a fio-
quenty Onveder by sdjusting tho kergth of the taning oygle
Ague 7 shows the wavekeins goneriled m 3 @wsto by
[ T

annnfad

Toz=iirest 13
Vi = & Top Trager soud IV
TiVE = 20 safDiY  Medis Trice Oulpal 2V /D
By = 31 K2 Bettans T race Sapaotor Fé D
€= Q01 ik
FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

Wion ha tiner 18 conaestod in the monostablo made and
rgggoed with a Sontnuous pulse trun, the oulpyl pulse
widih can bo modulatod by o sgnal applind to pin 5. Fgire
& shows the cwud, and 1n Sgure ¢ aro sombd wavelom
2EATPIDE

DNy
L

TREGLR

W00 ATION
L L

[ FEl gt

Tirnrrasl 12
FIGURE 8. Pulse Widih Modulator

tsabrasigari el
H * B

ST DEDRE SUTSURE TR
- oy - ~

Fiedriast 13

o ¥ Top Trace: Moddation 1Vl

FML = 02 na/ DN, Bolew Traok Quite! voftege IV T
ET K ]

O DY

AGURE 8 Pulae Width Modulatxr

PULSE POSITION MODULATOR

This appkcalion usas the timer connociod for astablo opora-
Lon, as 0 Figure 10, wah a modulating signal again appled
1o the control vollage lermenal Tho pulso position varies
with e moculating sgnal, snco the throshold vottage arg
hance the Wwno daay & vaded. Fgure 11 shows the wavn-
tormns geradald o0 4 Iangle wave modulaion signal
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Applications Information continues

]
‘; #y
MOOEN O Tiipe

BETRIY Dwmenand ¢ 5 ey :

ERTA Py - R I
FIGURE 10. Puige Position Motulator

EPR T T

Voys = 3W Fig Feaoi deadipidon (s 1Ry
THE =~ D% pa/I Bt Trace: Dulgol 2v /00w
Fig o~ AB N0
g ~— J&ry
o 301 g¥

FIGURE 11 Pulse Position Modulator
LINEAR RAMP

Whot tho puliup sosstor, Ry, e the monostable Gt is
roplaced by 4 sorstant curfent source, a BRoAt ramp is Jon-
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50% DUTY CYCLE DSCILLATOR

For a 58% duty cycie, the resistom R and Fp may be
conrocled as in Fgure 14 The tme penod for tha ou-
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INPUT/QUTPUT FUNCTIONS
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Order this decument by ULNZ803/D

@ MOTOROLA [~ e e
ULN2803
Octal High Voltage, ULN2804
High Current Darlington
Transistor Arrays

The eghi NPN Dartingten conaected transstoss i this family of arrays OCTAL PERIPHERAL
are Igeally suited for niertacing between fow o level digial circ uitry (stch DRIVER ARRAYS
as TTL, CMOS or PMOSINMOS) and Ihe higher curreniivofiage
requirements of lamps. reays, prnler hammers of other similar ieads for a

proad range of comptier, industrial, and consumer apphcations. Al devices SEMICONDUCTOR
feature open—collector oulpuls ana iree wheerng amp giodes for transient TECHHNICAL GATA
SUPPFESSIN

The ULN2813 55 designed 10 be compalible with standard TTL famies
whie the ULNZBD4 15 optimized f0r € {0 15 volt hign level CMOS ar PMOS

MAXIMUM RATING S {T5 = 25°C aud -ating apply to any one dewice i the
package, unless otherwise noted. )

Rating Syndiol Vatue Unit
Dutput Volage Vi 50 v
Inpan Yoltage {Except ULNZEDE ) EH i A SUFFIX
PLASTIC PACKAGE
Collector Currant - Contrinous i 500 b CASE 707
3ase Current - Continuous B 2 maA
Operating Anibient Tamperature Range Ta 0 +79 R
Horage Tempersiure Range Tstg -850 4150 G
Junctior: Terperature T; 125 i PIN CONNECTIONS

e
Ry, a = S50

Do a0t e maankan: surrsnl liny! ped dnves,

ORDERING INFORMATION

Charactaristics

Operating
frpaut Temipiet ature
Device Compatibitity Ve E{MaxyiciMax) Range

ULN28B3A | TTi &0V CMOS

50 VIR0 mA = 0to+ TH°C
ULNZEGIA | Bio 5V CMOS FReGS | 0 vawm Ta=0t0
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ULN2803 ULN2804
TEST FIGURES

i5ee Figure Nunbsrs in Electncat Characzenstics Taoied

Figure 1.
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Figure 3. Figure 4.

Yin -

Figure 5. Figure 6.
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Figure 7.
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ULN2803 ULN2804

TYPICAL CHARACTERISTIC CURVES - Ta = 25°C, uniess otherwiss notad

Output Characteristics

Figure 8. Output Current versus
Saturation Voltage

Figure 9. Output Current versus
input Currant

L BN < £ i
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x40 4 o 4
o (34
& 3 / “: i /
ERE o / 3 gk /
A2 /z/ + //
r ol 3 2]
k| £z e 15 14 ] #£L 40 A 566
Yiprgal IATURATION WILTAGE 13, I, MR T CLRAEKT (ua;
Input Characteristics
Figure 10. ULNZBQ3 input Current Figure 11, ULN2B04 input Current
yarsus input Voltage Versus input Voltage
&3 T n
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= =
h tad
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oo o p——
= o 5 ]
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Z L 1/ = nr __.F.w""’
20 = 43 [
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Figure 12. Representative Schematic Diagrams
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Basic TTL Logic Gate
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oA
(NOT Gatensn Inverter)
A o € [ £ o d' © Y :; a a a = 8 v G w b
UDFLNFATEWLID AT Lﬂuqﬂﬂ‘mwanwmmmamzmuaaimmdawg@lw,ﬂumdnwm

WA HRENMAD AN FITTNATINT

PTNA 2.1 FumsyAu

INPUT | OUTPUT

P P - A Y
dUNTURL P Y = A

0 1

1 0

(OR Gate)
5 L3 an ﬂxl 2/ oA =3 A P = n£l I [ s w
Fugunsoimedanaaiiay lassudynnontin 1" Defunwaledumeavileiisziuaatn 11" &

FITI9RTINTS

TN 2.2 TR

INPUT OUTPUT

. A B Y
HUNTURW a8 Y = A+B

* a0 0 0
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a 1 1
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(AND Gate)
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INPUT OUTPUT
A B Y
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(NOR Gate)
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INPUT QUTPUT
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Exclusive OR Gate L% Exclusive NOR Gate
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1. Lﬁaﬁﬁmamﬁuﬁﬁmm Exclusive OR Gate WAy Exclusive NOR Gate
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qolsradidwgAnTsn (e bwinEemsann)
1. vananavanEey Exclusive OR Gate Wag Exclusive NOR Gate \lcv"f
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noufiasdiu
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Exclusive NOR Gate / XNOR
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N7 Transistor Logic
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1. I TE AR TN TR A s AnuLUshae e I Transistor 167
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Item Symbeol Ratings Unit
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