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" ABSTRACT R

~e¢

. o -

There has been a rapid increase’in the use of computers -

by:pur society: This increase has ‘beén brouéht about by ‘the

- . R s 3 S :
‘ introduction of mitroprocessors.and large scale integrated
circuits, and the associated reduction in.cost per gate..
. - . ‘ s ) . . ~
Interrationally recognized.computer experts are

‘predicting that we are ﬁnyering‘a_new age, “the‘QOMputeri

Y

A,

age". Many more technicians will be rqquirediﬁo-install, S

~

-

' . - o i : _ :
test -and maintain computers. : :

skilis‘(digital/coﬁﬁuter)'of technicians éhployed'in'

computer eléctronies, 2 ) propose a'coursé of study that

‘will train electronic technicians in fundamental

s

<

digital/computer skills.,

! The Dacum method~of 6céupational analyéis was dsed~to

LN : L
determine computer technicians skills. Representatives from

several companies, met for a three day workshop and developed

the Dacum chart which lists the job skillé.fcr a compufér’
, T { ,
‘technologist. ; | . ;
Two programs désigned to teach fundamental skills in

¥

,.micrbprocessors {Hewlett-Packard andAHeathkit) were reviewed

to determine if they were suitable for use in Regional

Vocational Schools. -

The researcher has presented a course’ of étudy that will

teach fﬁndamentai digital computer skills. This course‘iSf'

! ve
K . ~

The purpose of this thesis is“to: 1') determine the job f

P
‘

wN
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»

It is designed to prepa%e.the student forfemplbyment in the

digitél/gohputer'indust%y. s

omputer trainer using the 6502 chip.

| S . T

»

'require a workforce tralned in dlgltal/computer technology. .
Thls tralnlng can’ and s+ould be. carrléd o?t in¥Regional

Vocational Schobls.. - " ML - - s . f‘f'
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1 INTRODUCTION

The evolution of electronic tecﬂnology over the past:-

twenfy‘years has been so rapid i£ has often been called a

s

. revolutiaon, and even compared to the indﬁstgial :evolution,'

Not thy are computers in the process of'éhanging society .
but they have also cﬂinqu many éf the techniques u;ed in
”modérn-day'research. At the heart'éf the e1ect£onic rev-
'olufioﬁ lies the mié;oprocessér, éQsentially‘a conblete
coﬁputer én»gvgi;gle.chip_no ﬁiggef than aadime. Already

-~ these deviceq.hawédgeén found in gancs,'cénsuner produeti,
inteliigent terminals, S;phistieited'test gquip-entvtd
name just a few. -In the fufuré"we will findhhicrqproee;-
sors in oar cars, télephones, waéhihg n;cﬁines or in any -

= device where electronic control cqn.be applied.u‘

A microcomputer, the tiﬁe.nhed_in buiiﬂesx and in- j ]

-dugtry; will consist of a microprocesgor (the heafﬁ of
the computer), icnér? and various 13::¥V§utpuf ;eg§ce§.
Ih;se computers are cohstructed fxo--Laxge_Scale;_.
Integ:ation.(LSI} chips. These chips ¢§ntain 1@ ckcos:
of one hundred thousand (100,000) traniistors on i |

. - a— .

quarter inch tquaro“slab. ,The speed of the conpété: has -

" been incrcaiod until it will perform in cxébss of one
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-

tbtllion operations per sccocd, Alllthis; and it will fit

-~ Page 2

~

in a good size suitcase.
Electronic-and computer workers are in. short supply. .
“"A group of eighty compdnies are raising $250,000 for a

direct mail advertising magazine to lure electronic eng~

' ineering graduates and technicians to the Ottawa region“ 2

Projections for this region alone are that the Digital

and Computer industries will require 4000 to 5000 new
¢ . ’

»

electronic acd»conputcr workers in the next fiég yecrs. _
" will the'yéuthioffNovc‘scotiajbe adequateiy‘trained

to fill computer related jobs or will they only be_quai-

ified to rill rapiély disapﬁearing.jcgki nsinq'tecpnology

of the 50's an the 60°'s?

~///' The purpose of this'thesis is’?géf‘l) determine - the

job skills (digita!./couputer) required ,{{y the electronics
industty, 2) propose a course of- study that will train

techniciansg in fnndanentnl digital/co-puter skills.
DEFINITION OF . TERMS F

Aggembly Language: A conpntcr lanquage that uses tnenonic

‘names to stand fot one or more nachinc language instrnctions.

‘Ihe advantagc of ueing acseibly lunquage insteaﬂ of a high

lcvel llnguago, -such as Blsic, is spocd of cxoeution, but -

a hiqh levolﬁlanguage is usually oasier for a human boing T

o~

te undorstand ' -

,y

. ’
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-

) was created inittiily in a joxnt effort by the Experi-

“élploys_oither di&ital c@rcﬁits'or,c0lputerfhard!lre and

. software or both.

ﬁage 3
.DKCUM: (Devoloping A Curriculum) is an’ approach

Y

to the devolopncnt of curriculnn conb{ned with an eval--

z\ .
uation process for occupational traininq progzams. ‘It

mental Projects Branch Canada Departnent of Mhnpower

and I-iqration, -and General Learning Corporation of

“Neu York.2 ' . - : - 7 | S A

Digita;z Havingoéiscrete states.“-Mosg'digital

llogié is binary, with two states, oa or off, - - L

"Central Processor Unit (CPU): gogputer~noadig in \'-"gr*w

-

charge of fetching,‘decoding,uand oxecutin‘7instructions;~- 4

It 1ncorporates a control unit, an Ar:thnetic Logic,Unit, o

- and related tacilities (registers, clock drivers).

Co-puter: Gcneral purpose co-puting systen 1ncorpor-.

P

ating a Central Pxocessor Unit (CPU), nenory, Inpat/Out-

put facilxtics and power supply.

Bigital/Co-puter p Ibe.field of eieétrbniéi that

Hardva:o: Any pieco of data proccssing cquipnent is -

«

infor-llly called hardware.
' RBigh-Level Language: Probléifo:ie;tedprograinino
‘ . A
langulge, as distinguishcd from nachino-orientod p:ogran- _

ning langpAQQ. Bxa-plos are Basie And Fo:tran.
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Integrated Circuit° A circuit which is fabricated

on single chip of silicon. Initxal integrated circuits

contained less than one Jundred se-iconductors devices on

-

a single chip.
Large Scale Integration (LSI): Technology by which

:thousands of seniconductots devices are f&bric:tcd_oﬁm@

»,singie3silicbn'chip. <

Machine Language- , Set of binary codes, representing

the instructions which can be directly executed by the

~

; proces sor,

o~

Microco-puter' Co-plcte cystcn, includiug CPU," mem-

‘”“33? ~'ory, Input/Output interfaces and pouer supply. The CPU
) ¥

is nornally a nicroprocessor.
Microprocessor: LSI implementation of a complete
‘processor (Arithietic Logic Unit £ Control Unit) on a

single chip. | o ‘ T T
A - S 2 ,
"' Software: The programs that are entered in the

s
A

computer.

mIMnrlons e %

- 1

‘The purpote of thﬁt study ‘is to dcterninezthe kind
o? job skills required by a co-puter technologist and to .

devclop course naterials that will txain electronic‘

o‘.z .

studentc in funda-.ntal digittl/conputer technician skills.

'_Ihis study '111 not deter-ine 1 the skille roquired
. ’ . ’ (’s‘l*‘ -
AN

i,
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L ‘
by an eléctronics téchnician but will limit the field to
digltallconputer electtonics. g

L Many of the sk111 tra1ning techniques in the proposed
digital/computer technology course can be applied to a

+

range of levels from technician to éngineg:. Howéver, this/

course was not meant to teach engineering design skills but

" The Dacum chart, prepared during this study, showed

that there are specific nechanical skills required by a

—ee_¥
-

. couputer technologist. This aspect of training, mechan-
ical skills, has not been included in the proposed Digital/\
- Computer Technplogy course. See Chapter Vlll.for recom- |

{
mendations. regarding training of mechanical skills, . /

Related shﬁjects (Math, Physics, Conuunicaxions) are
A\ : '

‘not ;,covered by thij’study; however, a number of employers
indicated the i-portance of fundamental skill'developnent
. in natb. For reco-nendatious on connnnications skillsg |

AR

. see Chapter vill,

_Ltm;u\noxs _ :
.. The final d?aft of the Dacum chart was né%';;ceiv-d
;un£;i‘1ate rcbruaiy th@?efore'it was i-po;sible to receive
inpnt_;?oi industries other tham those that directly part-

igipatc& 1n,e§art dévéiop-ent. Possibly\tho éhart would

no?e acctarately refliczbthi_diqital/cquputoz,industry"-ith

-~ .

¥



input from a oroadet spectrue f industries.

There was insufficient t neAbetueen the.completion of | ;{;f'
'.the study and its presentation to heve representatives of _
the digitll/couputer industry comment on the.courseﬁcona
. tent, Rsefore implementation of the Digttai/ConputerT
Technology:course input should be sought fros‘inqustty re~
“gakding course objectxves. . |

No evalnstion techniqnes for the teacher are includnd :
in :he proposed diqztal/Conputer Technology course.

Most of the lesrning activities have been field tested,

however, lack of hardwsre has 1 -eant that some ActiV1ties'

are presented without prior testing. ' " ‘f%

%)
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II HISTORY OF COMPUTERS

The earliest recorded digitll instrument was the
dbacus, it was first used in EBgypt abont 460 B, C Ihe‘
abacns evolved from the use of pebbles laid in -ro 4
fhe sﬁnd and used for counting purposes. The pebbles
were simply held together by a stﬁing to form the first
abacus.» In the niddle ages the abacus -oved from Europe
to_Asia a;; now 1s-yery popnla: in. Russia, Chxng(ang
Japan. © a Ly ,;A . R ;‘_ - ?

Thgifirst'antonatic digital anpqter'yas Pgsca;ls
mechanical calculating device (1641).3‘ Both addition and
subtraction conld-be performed ;n'Pascil' instrunent.

Later {(1694) Leibniz advanced the design to- do repeated

add1t1ons and subtractions. Nbither Pascal or Leinbniz

-

“i:wore eng1neors (they were nathenaticians), their nachines

,"uwerc not well eonstrncted and were souetines not ‘reliable,

Probably the most notable contribntion to modern com-
putcrs wd@ made by Charles Ww. Babbaqo. Bdbbagc 13-30..-»
times called the grandfather of modern _computers. his

.first invention (1823) was & diffe:cnce onqino, it was

,.used to facilitate the calculation ofﬂinsnzanco.tabl,‘, Lo
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' However his fame rests on the ANALYTIC ENGINE.  This

was considered by Babbage, in 1833; as a general purpose

calculator as opposed to the specific purpose difference

to

jleh did the arithmetic: the "recei?ér"‘;ﬁ take in infor- .

engine. _Babbage“saw h gine as composed of several .

4h11et'éngines, each work{ng together with the others,

. i

eac 4pe:forﬁing his own separate chore: the "mill",

>

ion: the "printer" to print out information: a device

transfer information from ohe componeht to the other;

A}

and a "store" of infor::l4 Unfortunately his idea was

gy

100 years ahead of the technblogy; he, spent the rest‘of

his life'workiﬁg on the analytic engine, but without

success.

it

p

~

14

~ In 1890 the time ieQuired to process the.United Stdtes

' census was reduced dramatically. The censusgwas'coupiled

-with the use of'a HOllerith computing machine. Essentially

was.a_ card sorter with data supplied'tc the machine by

hdlleriih cax&s‘ Hollerith's conbany eventually became the

International Business Machines Corporation (IBM);t ' .-

" Howazrd Aiken, a math teacher with a doctorate in

physics, combined with IBM and Harvard to build the first

called zhé;narﬁ 1 and nsedatelays.for storage, The;qichiné

'"eléctric" computer. This conputer: co-pleted in 1944, was

*

_'was very large and data was fed in by punched tape.’

s : - ‘ . . |
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Tﬁg first "elecfronjc" computer was built by BEckert
and Mulchy at the Uniﬁersity of Pennsylvania (1946).
Called :pe ENIAC it could éqltiplyrtwo ten digit numbers
in threerne-tbousanath of a second. It contained 18,060
vacuum ttbeg and‘océupi;d a room forty by twenty feet.

" Probably the greatest contribution to computer pro-

gramming was naQe(by'Johﬁ vén Neumann in 1946. His idea

was to have_ppth'instrnctions and data stored in ienory,

this way the computer could be used to change its‘own‘

prqdr&n.

In 1948 Bardeen, Brattain and Shockley, Qorking at
Bell lass, developed the transistor. This event spelled.
doom for the vacuum ‘tube and led to the miniaturization
of electronic circuits. It is prpbably the most signfgy/
icant event in»electronits in the first half of the
twentieth century. |

The Univac 1 (1950) was the first co-nercial,conbuter,

it was nanufactnicd by Remington Rand.

“ .

:ﬁp?znu 650 w;iythe most popular coipnter_pf the 50's,
The machine was widely used by the insurance, banking and
agéonnting companies., It rented for $50.p¢r:hour versus

the.%ore powerful IBM 704 at $600 per houri The 704 was a

. massive computer requiring a very large tbqn_fdt storage.

In 1959 Iau‘had 90% of the computer market.

' The latter part of éha S0's saw tho;int:pduction of
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the transistorized computer, . fhe 650 was replaced by the ~ .

’ _ i
i : : 2

transistorized 1401, much smaller and faster. Tﬁe 704

was replaced by the 7040 with a reduced size and price,

and increased speed; .

In 1964 IBM introduced the model 7010 an upgrade .5

utets, the IBM 360

from the 1401 and -a new series o

family of copputers' 1is was the_fiist family of compat- -

~ ible compufer raﬁging from small to large. 'Bssentially

one could gtart with a small processor, 33,000 additions

per second, andvusiné the same software ngfadeito a

larger rocgssor,_z;soo,ooo additions per seqdnd. With————

the IBM 360 came integrated circnité. h
The'1920's;saw_thg introduction of the{iBy 370 family

- of conpagjﬁie conpﬁt;rs. They introduced large;§;a1e in-

t;grafioﬁ to both the drithmeticllogic'units‘and the memory.

In addition, "most System/370C models, for example have 4

. "Virtual Sfoiagé"icapability that'nAgnifieé.ihe_cgﬁqcity of -

'main memory many t@-é;; and enables users to wefk econom-

ically with nillibns»of/ch;racters of, information."3

BIRTH OF THE MICROCOMPUTER | ’

Datapoint, a -manufacturer of computer terminals,

wanted to have a co-pnter'te:uinal that cohtqined a gmall
éonputex that is a as-art" ternin&l : They contacted
‘Instrunents and Intel, lcadczs in -icroelcctronics, to. K

velop such a systel. Intel dﬁvelopod a aysten arouud the
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.7

8008 nicfoprocessor, however, Datapoinf'drooped the'iden_
of a single-circuit conpu;er'ter-ioal. Ingel was léft
with the technology but no custonex. They decided toA
market the 8008 microprgesoor. Since;19f3_they havevsold
more than threé_nillion.° h .

, i

Following thedéooé'cane thevlntol 80365 the Motorola
- ‘
6800, the Ziloz 280, and the MOS :ggnnoidéy 6502, These
are all~8 bit nicroprocessors as oppoiéd to the 16 and 32
bit central processors used by Digital Equipnent Corporation

IR
r

Mierxo instru-entatioo ohdrtelenontry Systensi(MIrS)A
sold the first'iic;oconputer;-based‘on the 8080. These
'éie Kits, first aovertised in Popular Eiectronics, Jan-
nary 1975, they expected to sell 800 in one year. On the
Friday aftex Popular Electronics was published they re-
' ceived orders’for over 400, thoy went on to sell several
thousand, | o |
Radio Shack with its TRS-80, based on the Z-80, was
int:odoqod in 1977 and within one year hod sold in excess
of 100,000 ‘ o ‘ | | |
In 1997, Con-odoro : oiqgss‘uichines introduced their
nicroco-putor, the C ore PET based:on the 6502, and’
within one * yoar sales had pass 1tﬂo'25 000 -a;k.

Several other co-panios (Applo, Co-pucolor, Hoathkit)

axe -arkoting nictoeo-puf ers bagsed on the microprocessor.

£ 5
" 1
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Within the past two to'threo;years sales have passod

—
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A ™
several thousand. o

, . .
SUMMARY: }{

-

Computers have essentially passed throngh four'gener-

’

atioas, Vacuunm fubes, Transistors, Integrated Circuits, and

Large Scale Integrated Circuits, see Table 1. - Until the

-late seyontie; the history of conputérs has‘essenfially

been the history of IBM. However, as the sevanties came to
a close the sales volume of microcomputers equalled the com-
bined sales of IBM and all other models .of mini and main-

frame computers.

Predictions for the future are that the field will be

. divided up into two df:tinct,classosz

1, Large volume of ‘sales of microcomputers manufactured

\
- 1

by a number of manunfacturers, "
2, Very few larxge mainfrane conputers manufactured by

a snall nuibar of. co-panies dominated by IBM, 7

/;o%iqwing chart shows how data procossinq Eoctc
and ptocessing time have declined during the past two decades.
It reprosenta a mix ot abont 1700 co-puter operations, includ-
ing payroll, diseount computation, file naintcnanco, tdble |
lookup, and rcport gencration. Figurgs show costs_of the

e s
period not adjusted for inflation. 3
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TABLE 1  FASTER, SMALLER, CHEAPER ©
1088 ‘1§60 | | 1965 1076 -
Cost¥ _" $14.54 \‘ $2.48 $';47 $ ;20. '
“ Processing : Ko
Tiné.~' 375‘sec, , 47'Se¢m §t§7 sec. 5 sec.
Solid Logic Monolithic memory

Technology  Vacuum tubes iTransistors
. ‘ -Magnetic cores Channels
'Magnetic tapes Faster cores
-Faster tapes

Téchnology
Large, fast
disk file
New channels
Largexr, ‘fastex
-core memory
Faster tapes

Monolithic logic

Virtual Storage
Larger, faster disk
files

'New channels

Advanced tapes

., . Microprocessors

Programming Stored program Overlapped"

o ' IS input/output-—

R _ Batch process-
' ing

Operating
system

Faster batch
processing

.

Virtual Sgorage
Advanced operating
. systems
Multiprogramming
Batch/on-line
processing

# Cost per 1700 operations

+
i

" g1 abed



III HISTORY OF ELECTRONICS TRAINING

g

-

in
REGIONAL VOCATIONAL SCHOOLS
in '

A

NOVA SCOTIA

The first program in electronics training offered in
Nova Scotia was at the Yarmouth Regional‘Vbc#tionalxsghool.
The cour;; was calléd Elecf:ical and Radio Repair and was
taught by George.Williams. George is presentlf Vice}pfin-
cipal at the Nova Scotia Institﬁte of Technology. The goal
of the course was to develop skills in rqpio‘repair based
on vacuum tube £echnology. The first class enrolled in
”tﬁe three yeaf program in'Séptember 1950 and gra&uated in
June 1953, . - |

The second §roqran in éleetronics was offered by the :
Halifax Regionai Vocational School. This was ;lcourse in
radiovxepair;iiqilar to the course in Yarmouth. Skills
tgught_ierc confined to the vacuum tube field. The first
teacher wﬂs Gerxy O'Maiiey now the Pri;cipal of Dartmouth
. Regional Vocational School.
"In 1954,the-cou}so content was up-dated in both schools

‘to include television repair and thé course was changed to

Electronic (Radio and TV repair).
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¢

In 1962 four additional Vocational Schools were opened

I

in Nova Scotia, each had an Electronics course, The coufse

was similar to that taught in Halifax and Yarmouth and was

églled Electronic (Radio and TV). The technology was vacu-

. . o ~
um tube and the goal of the course was to teach basic elect-

ronics with Radio and Television receivers used as the

-~

«

training vehicle. It was felt that geheral skills in-élect-'

ronics could be taught using radio and television'as a
model and thosé skills would tﬁép_be tr&nsferﬁble tolother
Areas of elcctrénics. These new schools were locited‘ay
Springhill, Stellarton, Sydney and Kentville.

In the mid 60's transiftors were introdchd to the
school éurriculﬁ-. At that time Halifax revised th;ir cur-
riculum and concéptrated their studies in the semiconductor
field. The rena}uing schéols modified their curriculum to
inciu&o semiconductor teehnol&gy. | |

‘Duiihg the ;ears‘1968-69'sevcn new vocational schools
- Were onned, each with a course in eloc‘rqnies. .these new
schools were located in Shelburne, Bridgewater, Dartmouth,
Middleton, Truro, Port ﬁt«ke#bnry and Windso:. All the
schools offered a progranm in Ble;troniés (Radio and YV}
similar to that ixprcssia above. In addition Dartmouth,
Bridgoiatcr and xnntvilie offer¢& a coﬁrsb in Bluctronicg
(Navigafion). 'fbis counrse was.dosiguod'toiteach.the skills

knowledge and attitudes rcduireﬁ to secure employment in
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= fraining vehicle.
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the nirine navigation field. The technology enployed in
both courses was both tube and transiotor. ;;' )

’

It appearsaxpat 1n the late.oo's three closely re-
’ “i\/ ' . ’ -‘ ~ . T, .
lated.programs in Electronics were offered to the youth L

of Nov# Scotia:

1. Biectronicsﬂ(General using radio and TV is a
L2 Eloctronics (Ravigation) using radio, TV and
| Navigation equipucnt as the training vehicle.
“'3, Rlectronics with special eapha§is placed on
pulse and swit;hing circuits at Halifax Regional Vocatibna;
Sch§ol . |
| In the garlj’?O's integrated circuits were introduced
into the electronics progran. It is not clear how this af-
fected traxning however, some schools, Halifax and Truro,
became more inyo;ved in projects euploy1ng integrated cir-
cuits (Ic) The haviqation‘course £t Kentviile, the £
Blectronics (Radio and Iv) at Dattnonth and the Bléctronics

ey

course at ﬂindsor ‘were dropped In Bridgewator the two

Blgct:onics courses were merged.

R g
-
1,

Ontil the nid or early 70's electronic: progra-s have
bcen lble to keep up with the changes in electrouic tech-

nology. With tho_introdyction ‘of Lnxbo Scale Integrated

i
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A

circuifs and Micr;p:ocessors éxectronfbs trainiﬁg programs .
have f;llen behj!.nd the technqlogy. Normally this would not
cause a problemlbecause the introductiyn of né; trgining'

_ materials usually lag the introduction of new technology.
However, the applicafion'ofImicrop:ocessors }n bogp,i;;
dustry and #o;suner products has taken place at suchzg

~ rapid pace that this typical lag must be shortened.

The 60's have seen the demise of the vacuum tube, The
70's\ha9e séen discrete transistors take the~sane'rqufe as

"~ the vacuum tube, Therefore, IC and LSI will and shbuld
become the training vehicle for electronics in the 80's.

T Aft;r reviewing the?histoxy bf electronics iﬁ

{;egional VbcationaINSchoolé it,;éuld appear that renewal in
progra.'ngteriq}gwis required:' The purpose, of thi;,tﬁesis‘
is to preéent a_fatiénale for such a renewal and to develop .
a course of study based on infeg:;tedAcircuits and large
scale integrated cirguitstthat:WOqlg;ﬁe épplicéblé tgﬁ“

4

Vocational Schools in Nova Scotia."

-

Fad

3



' . MICROCOMPUTERS',

v

ﬂ)
IV PROJECTIONS FOR THE COMPUTER INDUSTRY

. It is very difficult tégpgedictAtrends in an industry -

that has undergone suchﬁrapéh changé, especially.in the
. } - . L, : s E
last '5-10 years. -However, three trends have been emerging

in‘the latter part of the 70's, they are: A

T1. Dramatic increase in the sales of microcomputers, ;

2, Data Communications

Y

3. Word Processing

A,

v

« & oy
‘ . : P X
Traditional methods of selling computers will change.

Rather than have a conputer salesman order you a couputer,

most conputexs (90% by 1990) will be sold out of conputer

I

stores.. The’ world’s first conputet stoxe, "The Couputer ' . F
'\~
‘Store", was opened in 1975, By the end of 1978, over 700 B

v

stores were opened in the Ungxed States alone. This rapid
growth is cont{gging; Digital Bduipicnt Cérporation,‘the

world's eading. ainiconputer nanufacturer recently opened >

-.7#_' 4,.

a co-pute store in the "Mall of ‘New Haupshire", Manchestex,““»i
a

N.H, It was such a success that they have planned or are
g RS . »

opening several more in the Boston area.-4$ T

2

‘ » _:‘ . B B . -
Computer stores have become successful for two reasons:

L ' . -
\
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1. They give you’a chance to examine a variety of

different systems before you buy.

- \\? They eliminate sales representat1ves, who typi-

/

cally cost forty percent of what you pay for the computer

Systema

o

Computer stores will almost exclusively sell micro-

<

COmputeré.
3 In addition to microcomputers being feadiﬁy available
T K . . % B
to the public, especially the businessman, they can now,

or will be able to in the future, perform most or all of

x

‘the_functions of a mini or small“mainframe computer, and

at a mueh lower cost. In fact,eelectronics alxeedy
A “ . Fl . - .

exists to make microcompuf%rs as powerful as a mainframe.
The development of the Intel 8086, is an example of the
tremendous progress made in microcomputers.

'Predictien: »By the mid or late 1980°'s, ninefy per-

e -
£ . o

: gent of all computer sales will be mlcrocomputer systems .

.1,::"—" rt .
1900 B g,

e or their equivalent, The remaznxng ten- percent will be'

g

the largest most powerful and most expensxve mainframe
compu?ers. Ihese-mainframe computers.nxll be ded;cated‘

o to such things as:

-~

1. "Difficult conputatlons associated with weather

S

abs

3

- - o e PO SIS S e
- P S i e

kY
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3. Data processing for state and federal government

& ) . . . 0]
agencies (for examﬁte, the Social Security Adm1n1strat10n).1

Sales of microcomputers will increase at a very rapid

rate, and will shortly exceed 1 million per year. At a

recent international combhter conference held in Wolfville,
Nova Scotia a Pentagon computer expert predicted that com-

puters will become the world's largest industry in the

*

near future, dwarfing North America's automobile industry.

S P e N

¥

DATA COMMUNICATIONS - o

The merge:&gf computers and_.communications continues .

~ I N

at a relentless speed,gmakfgg a distinction between .the

two terms becomes more difficult every year. As the
boundaries betweenidata processing and commurications con-

tinue to merge, it may‘welilbe that data processing firms

will offer telecommunication services as well. Electronic

..
R

mail appears to be a réal'possibility. It is expected.
that the main competition.iﬁﬁdafa‘éomﬁhn§§a€i6h for Inter-
national Telephone and Telegraph (ITT) and American

‘Telephone and Telegraph (AT & T) will come from IBM and

Xerox Corporation. ~ P

Canada is presently one of the world leaders in data

4

communications. Thé Canadian Telidon 9a1pha—gtaphiéh'ap-

'proach was developed by the Communications Regearch Centre,
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a branch of the Department of Commﬁnicétions;
“The Telidoq system is madelup of four majox element$:
1. User terminals |
2. ‘Iﬁformation supplier terminals
" 3. The teleppdne network énq/pssociated data nétwdrks

such as data pac and data route

4. A computer for information storage, retrieval and .

switching centre.ll’

A modified version of Telidon "Vista" is being field

tested by Bell Canada Ltd., and Departmént of unications.
The Department of Communications and Bel Canagia are
co-sponsoriné_trials that will'inﬁolve 1000 Canadian

- .

 user terminals and up to 100,000 pages of on-&eménd iﬁ-
formation, for display 6n.hone.or office color ‘T.V. set;.j
It will be one of the wald’s-most advénced’trials of
Videotex, the internationally recognized term for such

public, network based ihfornation systems.12

The "Vista system, essentially identical to the
Telidon, will employ a conventionava91or TeleviSion3 a
.control unit to couple the T.V. with a no;mq;,telepﬁone
‘and a hand held key pad. Preésing‘a designated key uiil
conQert the T.V. sét‘into a Vista interactive ihformatioh‘

user terminal. The user will then have access to 'a Data

-

)
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base of a PDP 11/60. Prime user groups ofﬁthe.system )
will be éze home users and thé Susiné;siéommunity. In
business applications, a full alpha-numeric -keybqard will
be used rather than a.key pad. : (

Projections are thatvthis‘kind of system will
make massive amounts of information readily available to
the general public. Through such systems as!;the Soﬁrce“,-
gt“is now péssible to éonnéct your'ﬁome computér,rkadio
Shaék, Pet, etc., to a large maiﬁ‘fraﬁe compu;er in
Washington, D:C;A‘This means that your microcompﬁter has
#ccess to literally hﬁndteés'of data'banks;_ The largest
growth in the coﬁpu¥er and compﬁter related industries
 wi11 take place in.a data.éommunications;.

Another,Capaﬂian-coméany, AES pata, Ltd., world
leaders in word précessing systems, are cdﬁbining witﬁny
CNCP to develop data communigations for the businesé__

community.

WORD PROCESSING |

i,
2

Word processing is a combination of hardware and
' software. Usually it consists of a.micro or minicomputer

with dual floppy,disc, a Cathode Ray Tube (CRT) and a
character printer. In addition the computer contqinsfa f
software package that allowé‘the_operator to type'téxtv

¢
X
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into the coaputer gnd manipulate the text so that it can
bg‘printed out in some pre-determined manner. The oper-
" ator can append ciquses; adjust pagellength; put data in-
to lehabeticql and numerical order, colusnize, nove‘text,
ihs;rt and delete, all'éieweg on & CRT. To review text
or'processed pages, the operator simply 'scrolls a cufsorv
. either up ;r éown. Fil€s, that is text are stdred on
floppy di;c.» | : d
connnnibating'Word proceséors,jdltg coﬁnunic;tions,
“allow the boss ‘to call up a typed letter on his own CRT
-vteraihgl, do his own editing -and then sendvihe electronic
%eiiér to, uitiiately'anywhere.in the world.  Infofex,
.for exasple, wild be capable of transmitting a 300 word
letter in seven secéndé;‘like a p§stuan moving h;ax the
speed of light.la."@ .
ABS Data ofAMont:eai, formed in 1974 are world leaders.
in word processing. Projected sales for 1979 are in access
A of 125 million dolqus. It gppea:s‘that the papgrless of -
fiée ha; really caught on witﬁ bu;iness. Hach#?, only 15
pgrccni'of the iarket is'p}csently being iorVicod, there-
fore,- the 80's should see»; trenpndons growth in word
processing. \ . | .

<

The largo scale marketing of computers means that

thoysands of new jobs will be created to install and
VAN :
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o -

maintain microcomputers and peripherals, In nqdition the .
rapid explosion of vord processor eéuipleht; essentially a
micro or minicomputer will mean additional maintenance j:is.
-The fundamental skills required for microcomputer nainfén-
ance éan and should be taught at Regional Vocational
Schools.

The rapid expansion of data connunic;tions will provide-
additional_jobs. Many of these skills will bé the same as
thP;e required f&r‘digitallconputer electronics. However,
additional skills in broadband communication will be re-

m@quired; these should be investigated by the Department of
,ﬁducotfbhfgﬁa the appropriate training provided for the

youth in Nova Scotia.
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'V INDUSTRY REQUIREMENTS, DACUM CHART

Bgfore developing or reviewing curriculum for training

Ddgital/Conputer technicians it was necessary to deteramine -

the kind of skills a technician employed in the industry

‘should possess., The following tools were considered in

order to find out what these skills were:
1, Inguiry forms filled out in the presence of the
questioner., These forms are. nornally called schedules.

Thekque§t1onnaire which is probdbly the most

used and abused of data gathering devices.

3. ' The interview where the questioner asks oral

questions and notes or tape records the response.

The first two were considered inappropriate to con-

duct an industry éurVey. I discovered that industries
LY ' .
are bombarded by questionnaires and they do not normally

"have the time or interest to xdspopd;

Sérious considération was given to the interview,
however, this technique is very time consuning and one of
the most diff;cnlt to employ snccecctully. The inter-

viewer must be skilled in asking a sequence of questions

Lo

and make stimumlating comments th‘%_willAproduce the de-

’vsirdq results. It would appear that consgiderable training

2;
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is regquired to make this method successfql.

The survey problem w?s/6§;3\ssed wi?hADr..D.L. Burt,
Director of Instructional Services, Nova Scotia Teachers
College. He suggested thnt?l consid;r an occupational an;
alysis based on. the Dacum model.
| D;v¢loping a Curriculum (DACUM) ig a system that en-
cénpasses‘three nain components: |

l. It is an(hpproach to occnp;tion;{ analysip;

2. It is an approach to planning ;hd developing
traininé based on the analysis. |

3., It is an épproach to training program operation.l4

The result éf an occuﬁational analysis is a chart
(Dacum Chart) produced by a committee of "ekperts" who
parti;ipate inua three day workshop; The purpose of this
workshop, under the guidance of a skilled co-ordinaton, is
to identify the skills associated with their occupation.
These skilled experts are normally tcchniciano or working
foremen §-ploycd in the occupation to be aniiyzad; Inh
this case they u@nld be technicians in the occnpafional
field of Digital/Computer Electronics.

The selection of the Dacum process to determine
Diqit;l/COIpnth technician skillscras based on the

following: °
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1. Several industries and-educational institutions
rely on the Dacum method for pccupationai analysis of aA
\\u//\\‘ trade oi technology. A few of thése institutions are:
Nova Scotia Institute of Technology (N.S.I.T.)
‘Adult V9cationél Training Centers ig Nova Scotia
Holland Coliege
Nova Scotia NewStart Inc.
Nova Scotia Land Survey Institute
Scott Paper Company |
Ferguson industries
Natiohal Sea Pro&uct§
2.. The Dacum method of occupational analysis has been
’ uséd-by ‘the Electronics Technology program at»Hgllandh
} Cdllege sinée its incep;ion. éorensoh in his article; A

~~Summary'§f the Research "Entry.Level Skills;Electronics",
deéefibes the applica@ion of a Dacum chart on Electronics
JiEchnoiogyols_'Ihis survey illustrates the“i;portange of
s the Dacum method of occupational analysis at Holland
College. |
“ . 3. Local expertise wé# ;vailable for developing a
"Dacum cha;t}'vrhé Adult Vocational Educatié;iprogram of
the Deﬁéifment of Education has a resourceAfacility;
under the direction of Mikesxént; for devéloping Dacum’

Charts. This facility has developed charts for more than
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twenty occupational fields, typical are: Blectronic
Repair; Radio Announcing and Stenog;gphy.

An application, in conjunction with the Nova Scotia
fnstitute of Technoloéy, wﬁs made to the Department of
Education, Adult Education for approval to-construct a
Dacum chdrt for the occnbationa1 fie1d of Digitgl/Conputer
Blectronics. | -

The fpplication was‘approvbd, January 28, 29, and 30th
were;seleétgp as the days t? éonstruct the chart. Jim
M#cLennan, Depar;nent of Bducation, Adult Education was
appointed p;oject'co-ordiﬁator.' |

The- following conpanigg prqvided workshop participants:

1. Department of National Defence (Dockyard), »
participant Robert George,

2. Bedford Institute of Oceanography,
partiéipant-Sidhey Sﬁecce.

3. Control Data COrporatioh,
‘ﬁargiciPAnt Bdward Billerwall,

| 4; Maritime Ielephonc ané Telegraph,
participant Ermest MacPherson. |

g DcfonéQ-Recaafch Eastern Atlantic,
participants Vance Crowe and Howard Hart. - g

6. National Cash Register, "

pi:ticipant Gordon Heffler.
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T;ble 11 is the Dacum Cﬁatt cohta;n;ng the sﬁglls
identified in ihe workshop.. These are actual on the jo?
skills and are representative of the Digital/Computer
industry. This éhart éan be uééd as a blueprint in devel-
oping course materials to:ttﬁin Digital/Computer technic-
: _ians. That is, fundamental skills taught in Vocationai )

" " and technical schools should provide a solid bagkgiound

~— for .actual on the job skills'ﬁetforﬁea by industry.
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VI REVIEW OF TRAINING PROGRAMS
in

" DIGITAL/COMPUTER ELECTRONICS

Three meéhods were used to obtain curriculums or out-
lines of courses that teach technical skills in digital/
computer electronics.

A.. The writeg'contaotedAséveral Community Collégesi
and Technical Institutes; NewiBrunswiok Community College;
Northern Alberto Institute of Technoiogy, to name just a
few, for a copy of their‘course outlioe or.curriculuo nfed
to train digital/computer technicians. |

Aé. A computer search on three data bases at Lockheed
Ihfo:mation Systems, 3251 Hanovef Street, Palo Alto,
California 94304. The data baseé are:

1. ERIC (Educational Resources Infoimatio; Centre)

2. COMPENDEX (Engineering Index Inc.)

3.  INSPEC (Institute of Elecfrjcal and Eléctrq$§o
Engineers), » | _ N R \; .

For,furthor information contact Mr Douglas Vaisey,
Head Information Setvices,.St. Mary's Uhiversity.'

C. The wrlter contacted three compan1es, Heattht

Hewlett-?ackard Intel Corporat1on, that produced
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commercial training programs in microprocessors.

A. The Community Colleges .that replied.to A above

did not offef@specific training for computer technologist,

~ -

however, they do supply technicians for 'the computer in-
.. . : j

dustry. The usual method is to offer options in digital

circuits, microprocessors and computers along with the
' ' J

‘;;hal electronic options. The studént could select courses

that provide training in digital computer‘technélogy but
programs designed to specifically train digital/computer
techniéians were not available. Some institutiohs,gNSiI
and New Brunswick Community Colleg; hgve discugsed a
éﬁyéuter technology option.

v A reply to my rgqﬁest for program information is

included in Appendix C.

«

B. The computer search turned up a number of possib-

[,

ilities but again nothing concrete. The data bases con-
~tained in fhé,ébmputé; receive‘their isformation from
a?ficlés or jourf§1s'§ritteﬁ/by University teachers or
professional engiglers; Thé{INSPEC data ga#é contains
‘atticlés from-joufnals published by thé Instituté of

Electrical and électronic*Engineers (IEEE). Thesefart-

icles are written for the professional electronics

engineer, Unforfupately courxse ouflinesmfor professionalv

engiﬁeéfs are not applicable to Regicnal Vecational

. o < . . a
, SChOOISo o *

| A

S
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The following found in the ERIC Data Base.
ED 146012, COED Transactions, Vol IX, No. 6,

June 1977. o
- - : AV
An Introductory Cour$e in Microprocessorﬁ\épd

Microcomputers.

ﬁ%;chitz, Alan B., Ed.

American Society for Engineering Education,
Washington, D.C., Computers in Ed. Division,
14 p. June 1977 |

'COED Transactions, ASEE,

P.0. Box 308, West Long Branch, New Jersey.

Again the above program was written with the design
. -+ _ : »
engineer in mind.

COMPENDEX is an engineering data base.

C. I was able to obtain on loan, two programs de-

signed to teach fundamental skills in microprocessors.
1. Practical Microprocessors with companion Micro-
processors Lab by Hewlett-Packard. 'gﬁ .

2., Microprocessors including Microprocessor

Trainer by HeathKit Continuing Edugatibn.

' Two criteria were used to review the above c&rxicula:

4

1. Does it meet theArequireménts of the Electronic

Industry? The Dacum Chart for computer technology was
- ;

[N

used for comparison purposes. This chart presents a com-

_ ¥ ,
posite of skills and no course should attempt to teach
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2
all the skills. Tt
2. Are they suitable for use by Vocational or

3
Technical Schools?

“x,

PRACTICAL M;cndpnocesiéons by Hewlett Packard

Educational Objectives:, |

a. Acquire-a practical knowledge of picroprocéssor
sy;tem haédware. . |

b. 'Gain a‘basic understanding of the software that
is used to controi a microproces;or system.

c. Learn how the system uses this softwaré'to

perform a wide variety of operations.

d. Use this information to 1earn‘pracfica1 trouble~

¢

-

Vshooting techniques that are applicable, to any

. ) 16 L 5
microprxocessoxr system. . : T T

- o

o

oy

A comﬁletz/éétline is cont#ined in ApPendix‘b._
Does it_g g?lthe réQuirements of the Digital/
CoéphterlIndustry as ideﬁtifiea by the Dacum Cha¥t?
,The geneyal areas of_compétence will;ée cdnsideied.

Communiqate.» These kind of;skilis are not
overed By the Practical Microprocessors.
B, Use Test Bquipuent; Test equipmgnt deSiéned ?o‘
.test digital/compuger eghipmgnt is explained in;éetail._
c. .R;pair;Equipgent. Mechaniéalyskills such as:
replacing;'repairing ahd'gdjﬁsting are-not.parg of tﬂié

.
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course, however; they cén be léarnéd on.the job.’
D. Install Equipment. Not covered by this course.
E. Maintain gqu%ﬁment. LﬁechanicA1 skills are not
covered. A major omission of this program is training
in analog to digita{ ;ndtdigital to énalog conversion.
_This program prpvides training in fﬁ;ning diaghgsyics.
F. Analyéé System'Faultsg‘ Provides excellen%
fundamental tréining for thigfarea of competence. .
G. Interface Communication Equipment. Again
"fhndamental skiils deveipped that are necessary to ferfqrm
these‘operations;_ |
H. Desién; Modgfy and Construc; Interfaces and
Equipment. Skilis‘in assembly language programs only.'
I. Operate Compﬁters for Testing Réliability.'AL
Requires complete system to develop these skills.

N S . ;
"Are they suitable for use by Vocational or

Technical Schools?

ADVANTAGES‘_ : ¢

The text "Practical Microprocesso:s",?usediin oo
conjunction with the HP\5036A Miérbpxocessor Lgb provides -
an ekcelient ihtréduction to hardware;‘séftware and

troubleshooting of the microprocessof. #A variety of

.learning experiences are provided. The develdpmenf of
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concepts is seqQuential and the skill§ learned in trouble~
shooting are transferable to other systems, The micro
lab:-has two design features Ihat provide a significant
contribution to understandiﬁg how a microprqces#pr works.
The hardware step Ihat:ailows you to process one bit of
information at a time, and the instruction step that

.allows you to execute one instruction at a time,

~
. )\
7

DISADVANTAGES

¥

The majox d{fficulty in selecting this program fdr

use in a Vocational or Techn1ca1 School is the price,

$1,000. per work statzon. Con31§er1ng 16 work stations,q

Fa
*2

this is a considerable cost, "In addition the Micxopro-

cessor Lab is only a trainer and not a full blown o

= 3

computer, this limits application in inter?acing%vetc.

INDIVIDUAL LEARNING PROGRAM IN mcnopaocsssons by HeathKit
CONTINUING EDUCATION. . . *
: L %

Educational Objectives: iWhen you complete this
program you w111 be able to:

a. Progran a representative nicropxocessor

LS

b. Inte:face a representative nicroprocessor with

i the "outsIGe world", 17

N
8 -
. / . N .
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. A complete oﬁtline i's contained in Appendix D.

Does it meet the requirements of the Digital/Com-
puter Industry as identified by the Dacum Chart? The
éenegal areas of competence will be considered,

A, Communication. fhesé skills are not covered by
Microprocessots. .
| B. Use Test Equipment. Test equipment is not
nentioned{in this program.

C. Repair Equipment. Mechanical skills such as re-
placing, repairing and adjusting are not part of this-
course, however, they’can~be taught by a companion course
ox learned on the job. |

‘D, Install Equipment. Not covered.

E., Maintain Equipment. Provides training in run;ing
diagnostics only. | |

F.’ Anaiyze System F:ulﬁs.: Provides excellent fuﬁd-
aqent;l(fraiﬁiqg for -this area of'cogpetence; however,
troubleshooting skiils are not included. These skills

~ are dﬁsentiQ? tpfdigitallco-pntet technicians,
G. Llﬁzérface Communication Bquipnént. fhis proﬁta-
" cohtains an infroduction,to interfacing using the PIAf‘
H, )Oesign, Hodify~:n& ébnst;uctzlﬁtcrface;'and
.. Equipnent.. ?his'cqursd_docs‘nét teach design skills,

I.'-Opotqte Co-pdfer; for testing reliability,
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<

Skills in assembly language programs only,
- Are they suitable for use by Vocational or Technical

Schools?

ADVANTAGES

The text "Individual Léarning Program in Micropro-
_ cessors" used in conjunction with the ET-3400 microcom-
puter trainer provides a methodical program.to introduée
students to nicroéonputers; |

It'concentra;es on programming and iﬁterfacing to'the
real world, Introduction t§ computer architecture provides
an easy transition for'fhose new to microprocessors.

Selection of the 6800 for the nicroproéessor trainer
is a plus becausg it-pas an easier instruétion set tb
learn than the more popular 8080. Because the 6800 uses
memory mapped I/0, interfacing i;miiiplified especially
when used with the PiA. . .

The cost, less than $400., is a realistic priée for
a'éo-puter trainer used in a Vocational or Technical

school. = -~ -

DI SADVANTAGES
'Unfbftuhatet;:it does not”include a section on
. troubleshooting, and after all, that is how we technicians

nhkeAqntAliving. The on boar;\;;Loxy i§ too small to

§



‘Page 38

write very extensive programs. = ' ¢

SUMMARY
No one course of study can teach al% the skills listed
;n the D@qér Computer Iecﬁnolog& chart, This chart is a
composite of thé’skills of nanyAtechnicians; Therefore
a course of study should provide fundamentai skills tﬁatf
allow_ohe to become employed and progress in the indusf;y.
Practical Microproce;sors in\conjnnction';ithﬁthé_
Microprocessor Lab would develop fundamental skills in

computer technology SIthough it has linited applxcation
»

in the real world
Micxoprocesgoxs includihg the Microprocessor trainer
develops skills in érogranming and interfacing,“ﬁowéver,
because o? itthexadecinal keypad and limited memory it
has iittle.ippliéation in the real iorld.'
I propose to develop a course of study that will
- teach fnndansntal co-puter skills on a co-pntor that h#s :
application in the real world Ihis course_uill be deg“ i

veloped around a nicroconputcr_trainet;

~ SELECTION OF THB AIM 65 MICROCOMPUTHR
¢ The Novonbot 15 1979 issuo of Cteaxivc Coupnting
contained an axticle comparing tubnty-six one board con-

,puters (eost undo: $550, OO) that are availablc for
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feaching students hardware and p;ogfémming fundamentals t
and dedicated.contgoller applications. Tﬁis was the
most compléte list of éne Soard computeré that the
writer could find. The article included the HeathKit
ET 3400 but excluded the Hewett-Packard HP 5036A because-

-

of its cost.
From the list of computers contained in the article
the writer selected Rockwell's R6500 Advanced Interactive

‘Microcomputer,.the.AIM_65,4asua computer trainer for the
proposed Digital/Computer Technology course. -
. The AIM 65 was selected for the following reasons:

| a) The cost_is‘reaSOnable; four hundred and fifty <.
' dollars American. | T \?“ilj///_
’ b) The AIM 65'contai§; sufficiént memory (4K) for . k
extensive prograns. : o _>AA ‘.
©). The AIM 65 éonta;ﬁs affull keyboard versus the
keypad on ;ost one board conput;rs. | .
d) The‘AIM 65 comes coﬁplete‘with a Versa;i1f:
Interface’Adapter4§uifable for intérfacin?'with the "real®
world.. S v )
e)’ Thé;AIM 65 has a 20 chafactef alﬁha-nungiié dig-
pi;y versus the six digit ﬁexadeciual display}found oq'w -
_thé ET 3406 and the HP 5036A‘a§ well as oﬁ most single . -

board computers.
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-

f) The AIM 65 has an on-board Advanced Intexactive
Monitor (8K) program that provides extgn,sive contrc;l 'and‘;
progran develobment functions. '

g) ROM space is available for a plug in Basic
interpreter or an Assembler, This feature is unique in
one board computers, it allows.th¢ AIM 65 to be used for
6ther-t5§n machine lgnguagé progranming.“ :  "~

‘h) Interfacing for a-TTY and Cassette is included
with the AIM 6S. ” . L

i) The AIMiGS has éxyéééive documentgtion. The
- computer is=supp1ied.§ifh fi;g &iffg;éhf user Qanuals;

j) The AIM 65 includes an on-board printer. For

- educational purposes the. printer is its most significant -

feature, The priﬁter providés ihstaﬁt feedback and'a.
permanent ;écord for chh op;ration thé s&hdenf'perforn§.
'1The AIM 65 offersxflexibiliiy and e*panddbility
normally associated with only a sophisticafed°mic16cbn-?\
puter deveiopnent Systen.. Its potential a§ an - | -

educational trainer of nicroprécessor systéns is'verf

extensive,

& -
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VII SUMMARY OF THE PROPOSED coqnss OF STUDY

EN +¢
fad

is a need to introduce Large Scale Integration (LSI) and

.

microprocessor technology into the electronics classroom. |,

’

Microprocessors can provide products with"inproved reli-.
] . . L £ . £

'ability, performance, features and sophistication. With
. . ) . s .

these improvements come new Servicé, ttogbleshoqting'and

¥

repair problems.

A computer has two requirements in order to’perform
operations, they are: ’
1, Computer hardware, that is the component parts
. - ) o ) - ~

of the computer. - o s w7

: 2;' Software, that is the progran that causes the
PRt 2 ’;

conputet to do its thing.» :

If either is defective or n;ssing the co-puter will ,not _

° ©

function properly.

This means electronic technicians nust learn

N

ftroub1eshooting skills in two areas. L

1. How to troubloshoot couputer softuaxe, ‘and- .-
2.‘ How,to'troubleshoot digxtal loq;c circuits

ucomza,
AR

In order to meet the‘requireméﬁts of industry, there

X
L

o
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Fe

Special tools are_évailableffor troubleshooting

‘tal/computer circuits. They can.be separated into

13

. two classes.
1. Inexpensive logic probes, logic pulsers, and

’ V i . » i N : ' .
current tracers. o . i FO

;
_ I '~ 2. Signature analyzers and wide band oscillos-f{
copes used to trace programs and 1solate problems.

[

Special problems are encountered in computers, in
that they cannot norma11y~be stopped to observe éggh_in-
'Jdividual operation’as in logiézcircuits; Measurements
'must be taken while theoprocessor is runn1ng and Aften
: dat@ presented on the data bus\is meanzﬁgless because .
of three-state‘outputs;* |
fAs with.any circuit a technician is trying,to an-
alyze or troubleshoot, 1t is helpful to become familxar
o / wit; the circuit.' Studying the theory pf operation,_
the block diagram, and the schemaxic,_prgvides #\bgse
fof knbwledgé from which fo wérk.~ : é
- The purppse'of tﬁiS'éﬁursg og sfudy'is,to enable
- the studehf'to develop techniqal.eﬁtry'level skills and
knowledqg'in‘thé-field of bigitaI/Conputeruslé;:xonics§
These nate;ials have‘been written with the stﬁdent
in mind; thereié:é, fhe following fe#turcs have been

. developed: -

»

{



1. Reference is made to an extensive Glossary.

I

2. - The Bibliography, conteined in the

the thesis, inclodes journals an articles as well as

texts. .This will be of as;iste e to those students who

wish to expand on their\khowledge.

°
Y

'3, The majority of the materials are desigoed to be

‘ interactive;.that is, the ffggeﬁz}will read a short intro-
- duction and then Be-asked to per orm‘ao operation. The

writer has tried to keep student activity (learn by doing) -
at a fairly high ievel and leaéevextraneous_oordage fofh
others, &

~

i "4, Several of the 1earn1ng activities may seem in--

complete, however, suffxcient infornation has been pro-

V1ded so that the student, after some 1nvestigation, will

%

. . _5. Although some of“the naterials may be suitable\-

-3

s

be able to complete all the exercxses.

for independent learning, they were not designed that

way, The teacher and ngst of,the

ooks an articles in
1 - .

the'Biblipg:aphy, are considered as _inary resources.

-
s - for the'student."‘ \
6. The writex has tried to separate concepts by y
! . having-one concept per poqe, especially in the,digital

logic soction. This has not always been poéﬁible- how=-

ypeyer, there should be a definite break when a new



har ]

Page 44
concept is introduced,.
7. Persons entering the course éhoqld have com-

pléted Math and English to the Grade XII level. In

" addition, they should have completed a course in Basic,

' Electronics or the first year of a two year program in

a Reg;ohcl Vocational School. - chgegted titles for a
Course in Basic Electronics are: |
Basiceslectronice (Grdb)
\ Applied Electronics Circuits (Weick) |
Basic Mathematics for Electronics (Smith or Cobke
i,and Adans)‘ 3
‘-_éasic Electronics_workbook
'Applied Electronics Workbook or projects

Fundanental skills (AC and DC) can only be- leazned :

by applying then. ,?rojects should be,developed that in-‘w‘

~corporate knowledge”itudied in~the classroom. Listen- |

" ing and seexng is not enongh for a skill to be learned

it must be applied in a realistic situation.v ‘We learn

by doing and thinking about what we are doing. )
Probably the most appropriate project fbr a first

year stndent is to design and constrnct a regulated

power snpply.' Aftcr he builds it, give it to'hinxg

— 4 .
. . .
/-\‘( *
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<

Programming in Basic’

Digital Logic CGircuits

Computer Architecture

Interfacing Microprocessors and Digital Circuits
Troubleshooting of Digital Circuits and’
Microcomputers

Programming in Assembler Language

%

I Programming in Basi¢ - .’

The writer decided to introduce students to com-

puters via the Baslc Language. Basic (Begxnners A1l

Purpose Synbolxc Instructxon Code) is a high level

language and is relatlvely eaSy to learn. ThlS’lllO'S

-+

the student to gain "hands dh“ experience with_ the mic~ .

'roccnputer in a relatively non-threatening atnosphere. o

This chapter could be started at any time. and the

student can proceed at his own speed. It is hoped

that once the .student started the program he would want

to co-plete it.' Ihere are nany awkward fornulas in Ac

!

| theory that are quite nice to program, the student nay

P

1
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find it benefic;él to complete this-c§Apter while he ig
‘ studying Basic Electronics. Once students are comfort- /f-///////
_ o7 - ‘ o -
able with the Basic language, it will provide a nice ‘
‘transition to.loﬁ level assepbly language. ' ;///”f

I1 Digital Bogic Circuits - | )

Tﬁe chapter on LogicVCircuits Serves two purposes.

1. Tt provides the necesgary background for the
Study,of‘éOmputers. 4Most'course§ onvMiqroprocesgéxs.ré- .
quire aéﬂa pretequisite, completion of a course ih Digital
‘ iechﬁiéues. |

2._\it is designed as a "stand aibné" introduction _ ‘
to Digital Logic, .

.Uhix A, Semiconéuc?&r Revie;m
Ihe;p;rpose-of thi# unitvis to;provi&é-glshorf re=-

. SERN _ » ,
- view of semiconductors and to consider the transistor as

*

a switch, that is the transistor is either fully on (con-'
ducting) or off (honlconducting) ' Digxtal integrated
circuits consist of a nunber of transistors perforning =

~ these two operations.-

' Unit B Number. Systens

A

Ihe relationsbip ‘between binary, octal hexadecinal

Lm0 S

and the decinal systen is shown and a nunber of ex-

excises areqprovidgd so. that the studeng can gain'-‘ 5

P -z

.
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skill in converting between the four systems, BEx-

- amples are shown and exercises provided for binary

addition and subtraction and a method is devel&ﬁéﬂ for

~ addition of octal‘gnd.hexadacinal‘nunbers. The use of

the microprocessor shift instruction is employed to il- -

" lustrate binary multiplication and division. -The con-

. l‘ 1 Ng
cept of BCD is developed and several exercises are
provided. »

" Unit C, Logic.Levels

- Introduces the student to the concept of\ipgic

.41evels, i.e., 1 and O; Hi and Lo. Pulses and clocks are

introduced and terminology associated with each is des-

cribed. ‘Characteristics of digital integrated circuits

are conpared as well as those of nicroprocessors. A

brief explanation is given of the fabrication of inte-
grated circuits. N R
o ‘OUnit D, Intzodnction to the Logic Tester

The rest of the projects in this chapter -and nany of

the projccts in the Conputer Axcbitecture chnptor require

inntrnction'so-thtt'a student conld construct his own

logic tester. Included are a list of materials, schematic

diagram, printed circuit (FPC) poard‘iaydnt, hqrdwaro'n

K

 the use of a logit tester. This unit. presonts fundancntal )
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location etc., and information to enable the student to

construct a printed circuit board. Under the guidance

of a teacher, the studénf‘gould constrﬁct'§his project
without having studied digital cifquits. In any event,
a similar tester will Ee required t? complete. this
chapter., |

Unit E,. Logic Gates

A nunbef of"leazning activities h@ve been developed

‘so that the student cin'giin confidence ih the use of the -
fanoiving*basic gates: AND, OR, NAND, NOR E-OR, EN-NOR,

.INVBRTBR BUFFER TRI STATB LOGIC. Fron theseﬂgasic

gates, all other digital 1ogxc gates can be constructed.v

~Those learning activities have been designed to give the

student the kgy facts and let then;Qiscover how the

gates actually work. The teacher should demonstrate segé
ting up the first few activities and monitor all féénltg.;

* Unit F, Boolean Algebra

. ‘?r.: . l . ] . : K -
George Boole 'developed a number of postulates (rules) .

'that‘apply to binary. nuhbqis. Many authors and circuit

designers use Boolean Algebra to descriﬁe'citcuit<6per-

ation. Thercforc, tor tochnicians, etc., an introduct-_

~ ion to Boolean Algebra is required. A number of exerci:csv,
~in the book PRACTICE PROBLEMS'iniNUHBER‘SYSTEMS,'LOGIC and

_ BOOLEAN ALGEBRA (by' Bdward Bukstein), have been assigned.

,V"’
1
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to develop skills in relating circuit function to
Boolean equatiens. ] |
‘Unit G, Sequential Logic Circuits
Seqnenrial Logic Circuits are used in a véziety of
t{ning,‘sequencing and storage functions. Ihe.oetper o}
a sequeﬁtiai logic circuit is not only a function of its
~ input circuit bet also a result of previous operations
that may have been storee'innthe circuit itself. There

can exist an almost infinite variety of sequential iogie

~
’

circuits;ﬁir;epresentative sanple of the nost common
types are presented in these leazning activzties.
Un;t H,'Co-binationalrLogic CrrCurts
R 'Coubinetionai'Legic'Circeits are digitai‘c{rcuifsA
"th;t are made up of gates and 1nverters. As witﬁ'éeqeent;‘
ial logic circu1ts, a representative salple of the most
' common types are ptesented in the learningractivifﬁes.@ .-J
After—completing ;hgye ectiviriee two praerieal'pigjecte
;re'assrgned co.that the etudept can apply the ekills.-

By ; * -

leazned. T ' ‘ T

. 2 "!If gggggter Architecture

All co-puterc, uhether -icro or_ nnxi will require
" certain basic elenents. The important thing is to

learn how to 1dentify these elements in any co.puter you
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5, . . {

will use. Once this is done you can analyze variations

on the basic theme. To fail to léarn these basic ele-
ments will leave studeqts vulnerable to those "'new and
improved"_compufeIS‘which always seem to be:coming along.
As with,ali'engineering actiﬁitieé, there are gbfew_t;ulj
bakic ideas; ‘Most build on existing activi&ies. Learn’

the, basics and the details will take care of themselves.

v

This chaptér is pfesented in two parts:
A. Introduction to’ the Microcompufer

B. A Real -Computer
jﬁhit A, Introduction to the Microcomputer '

. : ,
. i $

The gtudent%is”introduced toithe microcoﬁputer via
a blqcﬁfdiagram of a pseduo microprocessor (MPU). ' This . ..
. is a stripped down version of a real MPU, its purpose

“is to assist in illustrating signal flow in a microcom-

. . ~

Jputer. The stoggd pfogram concept, developed by

John von Neumann, and-implemented on all gpmputers is
used to illustrate fetcbing‘and exeénting machine;

& —

.instructions.’ .

S .

A number of terms used with the elementary micro-

V"-p;ocesgor,are defined and an illustration of the

¥

arithmetic logic unit (ALU) is included.
The fetch execute method used to process instruc-
stions in all microcomputers is introduced. . Bach machine -

-
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state.is shown as the computer sequences through a pro-
gram. Only three machine instructions are introduced at

this time and the immediate mode of addressing.{operand
. . ,

is contained in the nQXt address) is employed.

Ditect‘or zero page addressipg is introduced, tﬁat:o
is the operand associated with the instruction is coo- g
tained in'the'low part of memory ffom.00 Hex to FF Hek;
-The pseudo oicfoprocessor then‘seouenceg through a short

program illustrating fetch execute using zero page

-

addressing.

Finally, a new method is introduced to illustrate the
fetch execute sequence in:cogputers; This is a shorter
method using symbols to'illuétrate_mic:ocouputer oper-

ation. ——

---,-1)§Baga¢transfet
(r*":) data exchange

{ ) contents of a register

An

C 3 nenory location address -

(C M 2 contents of a nenory location address

R

Unit B, A Real Conputer
Introduction to the AIM 65 nicroco-pute:. In ordér
. foxr the student to develop skills and Knowledge about .

nicroconputers, the following are. xequired*
AIM 65 nicroconputer with 4K ne-ozy
AIM 65 moni tor progran listing (Rockwell)
AIM 65 summary card (Rockwell) .
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‘\\ | } |
AIM 65 User's gu} (Rockw{ll)

if

» R 6500 n1crocomputer yste hardware manual

"‘(Rockyell)
R 6500 nicroeémputert§ysten ogr%mﬁiné menuel

(Rockwell) | |

'Microptocessor Systens Engineering (Metrix

. Publishers) S , .

The AIM 65 is a complete general purpose mierocomé

~

puter incorpotating some of'the latest interfécing

techniques. The student is given a brlef descr1ptxon of -
the AIM 65 and some p0551b1e app11catzons are listed.

Ihe power of the AIM 65 comes from its extensivéK

instruction set (machine 1nstructlons) conbined with ’an

extensive set of address1ng modes. A complete list of .

the 6502 machine instructions is included with a brief

-explanation of each. A;l thirteen addtessing modes are
listeh and defined. This cedrse:nili make application

. of only the firstvsevenn The renaining'six are aJail-f

able for those students who wish to utilize the full.
powen_of.thé-c6npqter.' -

In order to demonstrate how the AIM 65 works the .
student iill write;;ndregeeﬁte a number of‘ntoggans us-
ing»uaghine_inetruetions. These proégans:are'desiencd

- . N

to:

t 5 ‘ ‘ Page 52°

I3
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k]

1. Give fﬁe student experience usingbthe computer

2. Familiarize the student with the 6502 instruc-

tion set

3.. Develop skill in converting instructionE“fgigen‘

1 .
wr

in mnemonic.code) to opcode (machine code)
4. Gain experience in writing machihe'leVel programs

5, Develop skill using the extensive AIM 65

-

operatiné-systen N . .

v

6. Develop skill in 1nterfac1ng the AIM 65 with

'the real world
7. Gain an understanding of howlﬁhe'microcomputer

[ Y

. works o
A block diagram of zhe Ai@ 65 and the‘ésozlis in;
\ cludeq,?o_ﬁelp ;he student co-ordinate the obefations‘
‘he will be petforniné,

'The learning actiyifies;have beeu.designeﬁ"co that
neu concepts are introduced sequeutially. fhe‘sfudent
wwxll write’and execuue prograus and develop knowledge
about the microcomputer. -The najorxty of the activi-
;ties sinulate logic gates, that is the AIM 65 will be
.used to replace a number of the gates studied in the
,last chApter.v . |

- When the student conpletes this chapter he will be

'assigmed two activities that interface the conputer with

by



real.wozld activifées, they are: o —-
1. Design a real time system that aliows the AIM 65
to monitor 8 ' smoke detectors, 2 bﬁrgular alarms and 4

temperature regulators. . The computer must be ‘able to

sound an alarm‘in case of fire, a different alarm in '

s

case of break in and switch off or on the furnace to

control heat,

2. Write and éxecute a program that will control

.

-

the bells at Colchester‘Regionél Vocational School.

IV Interfacing

A coﬁpute} performs essentially two functions: - pro-

cess data and input/output data, ThisAchapter dealsr-ith

" input/output data. ..

Almost all mlcroprocessors use the same busses for:
both nemory and input/output (1/0) transfers, TWQ

methods are used to distinguish memory data and address

from I/0 data and address. They are:

- l-l. Isolated 1/0 used extensively by the Intel 8080

‘1and the Zilog 280 MPU

" 2, Memory mapped I/0 used by both the Motorola 6800
and the Rockwell 6502 MPU. : A
o;“ Nearly all activities in, this chapger are desiéned

around the 6502 and use nenory napped I/O

-
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| ‘Unit A, Serial Interface »

¥ < e
Il R

) . . ) { R = ’ &
. ... - Three activities utilizing three different methods
o :
illustrate how the AIM 65 can be.interfaced with the

real world. They are:
W . ( ..
1, Serial Interface (TTL) : \>‘,

2, RS-232(:

)

‘ )
3. 20 milliamp current loop

-

Unit B, Parallel Interface

. . ‘\:‘k
Because a11 microcomputer data and interface linesaﬁ.
are paralle;, the«easiest way to interface the AIM 65 is

to simply Connect 1/0° data_lines to external devices. -
L ' ‘L'\‘t;v—h' ¢
Centronics printers, the largest selling in the woyld,

Y 1y

.o~

have a standard parallel interface. »
.

> An expanged parallel 1nterface has been acéépted b§>
. the International Electrotechnical Commi ssion (IEQ).J Thig " '

"inxérface bus; called the I§88.488'bu32 enploys 16 1ine€;$\g‘

nand allows up to 15 instrunents on the same bus. .The: 1888 =
‘f4§§ is the standard interface bus for Hewlett Packard And

. o Cnnmodore Buginess Machxnes.‘ul _». ' s

) This unit has activities on»both types of parallel

-~

1nterfaces. T
N e : \\x, "% s N R .
- . Unit C, UART .\ 7 c
" O as el ’
. _ . The UART (Universal Asynchronons Rec i%erftrans-itter)
. Zi;‘w) provides a sinple hardware . nethod for - ertinq serial

data to parallé& ‘or parallel data todserial.é
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— . Unit E, Software Interface

T A oo ‘\\\; = Page 56

~Activities are provided for ‘students to'gain experience
using UARTs.
" Unit D, Analog-to-Digital and ﬁigltal to-Analog

"Analog to digltal and digital to analog co;hgrters

>
are used to 1nte;§ace the AIM 65 with the nreal” world,

Two exercises are provided to familiarize the student

with the above.

Y

- ~ N .

In order for data to be "“sent" to an output port, a

4sho¥t program is required to "handle" the data and control

handshake signals.'jrh1s~p£ogram is usually called a soft-
dare interface. In this unzt the student is introduced to
the concept ‘of a software 1nterface.

| Unit _F, PIA and VIA
?iA (Peripheral Interfécé'ddaptei) and viA (Versa;

'tile‘Intetface Adapter) are large scale integrated cir-
s P

cuits that.provide a means for the MPU to fbnnunicate to

the outside world. . Thxs unxt 1ntroduces the PIA and VIA

'and'descrikts some of their special features And includes

¥ -

timing diagrams.

-

*

2.

student to diffqﬁent tools’ used in troubleshootxng digital/

\

'computer circuits-and present sone‘general troub{eshooting,

o
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techniques.
Unit AI-A7 Troubleshooting Tools
These units introduce the following tools and provide

s

an application exerciso for each:
1, Logic”Probes )
2. Logic Pulser

3. Current Tracer . -

4. Logic Comparator

_ 5. 'Osoiilosoope {. S o
~ 6. Logio 5%.%@ Analyzer' o . .
7. Signature Analysis - %I_n {
~ Unit B, Troubleshooting Mioroptooessor Syste-s
This uplonn troubleshootingftechniquos,fs presonted
' with— th: permission of Hewlett-Packard. .
- ' : . Z
=~ e v P:ggnming in Assenblz Langg_a_ge:-
- | _ There are essontillly three levels of languaqcs‘fhat
:féé . | $% can be usod to’ prOgran a qjcroco-puter. Ihey are: -

Y

1. Machine Language

*u;//}‘ g 2. Assesbly Language

3. High Level Lanquagc such as hasic or'Fortfan

¥

Machine language proqra-s are very efficient, how- .
- ever they are difficult to write and because th!y con-
sist of only 1's and O's they are prone to error.

Assc-bly language programs allow the studdnt to use thc
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~ -

MPU instruction set and enter programs using mnemonic
code. These codes are converted to machine language

' by an assembler.

;" "High level languages are easier to program but are
less efficient (i.e.-use of machine time) than assembly
language programs. o : L,

This unit compares the instruction set of the.6800

' AN . .
CPU and the 6502¢CPU. The 6502 is considered to be',an up-

date of the-6800 The ‘students are glven assignments in
~ /
the workbook ";h%érammlng the 6800" complet1on of these

‘h@signments hould develop skxlls in assembleg_progrng

'm1ng in bot *the 6800 and. the 6502,
 ] | Studen‘s who have completed all chapters of tﬂié\-

course _shou

L)

feel quite comfortable wotking on nany
different nicroprocessor systems, Addifioﬁal insf;hoéif”
tion should be prov;oed on' a fullrsystenTCOn;istihouoff,
1. YDU (V?sual‘Display.Unif)' . :
2. "MPU_u3zh 3é.to 64 K RAM geno:y
5; ~Real,,Wbrld Interfacem
4. Dual Floppy Disc
5.~ Dot Matrix sznter, parallel interface
6. >Character Printer, ser1a1 intertace | _
‘7;N Conplete software package for programning in
,Assenblgé;gnasic,ond-Fo:tran. o .

-
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This system could use either a 6800 MﬁU‘OrN '

-

Z80 MPU., It is important that the student h@ve the

opportunity to gain experience on a‘compiete system.

Happy Cohputing!5 )
/ i -
-
..\ % - b-,
< . L4 o _
-



VIII ‘CONCLUSIONS/RECOMMENDATIONS

’

.It is thedjoo of oﬁe Vocational or Technical School |
to teach fundamental skills that will allow ; g;éduate;
to gain employment and progress in the ng1ta1/Computer
field. .

The-Pacum chort for Cooputerjréchnology lists the
skills required by a working co;puter technologist. .Ihe
. proposed course,oDigital/Compu%er'Iechnology, does not
. atfempt to teéch.alllthe skills liéted on the'chaft._
Some of thesé_skills could not be economically taugﬁf bo-
cause ttaining.equipment coSts would be too high. OtherA
 skills could be 1earnod on the jdbﬁaffer}some'bfagticali

‘experience, Fipaliy no one technician‘oould.be expected

to master all the skills lisfedlin the'ohar oecauSef
fhey aro a composite of thé'skiils of many Aoople.
.Two criteria will be used to review the p
"~Dng1ta1/Computer IEChnology Course..,
1; ‘Does it meet the requ1renen$s of the Digital/
yConputer Industry as identified by the Dncun chart?
Th;se general areas of conpetence will be oonside:ed. ’

. A, ‘COnnunzcate: In Rogional-VbcatxonaI Schools »

~¢ommunicatiog‘skills are_t&ugﬁt as avsepafate course.
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The Eeacher of the Comhunications course should stress
writing technical reports,.interpersonal skills and

£
learning to work under pressure. Reading schematic i

‘diagrams is usually taught in Basit Electronics.

B. Use Test Equipment: This course assigns one

_ chapter (Chapter V) ioptroubleshooting skills and the

applicatién of test equipment.

| ’_) Page

c. ' ééuipment'nepair: Soldering ékiils, component .

replacgméht, parts idéntification,are skills nofmdlli
taught in Basic Electronics. The mechanical skilig;
suchras replac{hg‘gears, drive belts and mofors ére4
not covered by this course. |

D. Install Eq&ipme&t: fMds%bo} fiése ski11§ re-
quire’applicafion dh expensive equipment, 'theréfore;
they cannot be econom1ca11y taught in a Vocational

School. Cable routing, interconnectxng of units,

shiglding and equipment run ﬁp are all .skills that

il

. can be ieadily‘taught‘ifAthe.schzsi has a small com-

puter~s9stém. A system that could be used to ‘teach
these skills is listed at the end of this chapter.

',8‘ Maxnta1n 8qu1pnent° These on the'job sk1lls

~_~

are not taught dlrectly by this course. Fundamental

skills are tuught in running diagnostics and digital

to analog and analog to"digital interfacing. Course

N
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nateriais tc teach mechanicai skills should be debelopéd
to supplement this course. A
| F. Analyze System Faults: The bulk of the conrsetisv
devoted to developing fundamental skills in Digital/Com-
puter.Elect;onics so that the techniCianican analfze.
system ;t'au'lts. :

G. Intcrfncing Connunicaticn’ﬁquipnent:"éhanteraIV‘
is devoted to developing interfacing skills, ‘
" H. :gesignfModify and COnstruct Interfaces and Equip-

nent:f'COmponent sélgcticn,'conponént'identification,'con-
,%onent layout, blcck diagrans;:assenbly and COnétruction,
reading'scnenatics are all an integral pari of ‘the course
.and these,skills will be learnéd‘by the stuéént; Ha;dware'
and soft'arc design-are not considered to be major goals )
: of the cource. Designing, nod1fy1ng and constructing in-
' terfac s are considered to be 1nportan; parts of this
course.

| 1. Opennte Conputer; :cr'Téstiné Reliability; Two"
chlptexé are assigned to tenching conputer ptog ng.
Chapterx . 1 is proqra-ning in Basic (high level langrtge)
'._and Chapter vI-is Progxa-ning in Assenbler Language (lo'
level.language).‘ Both ot these‘langulges are :equired to

operate and test computers. .

f2.' 1s ff suitable for n,e by Vocational or Itcﬁnical_

. <,

A

)

».‘l_
» N
( »

Ry
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Schools?
.'“Yes, the Digitél/Computer Technology'course was
deslgned tc teach fundamental Digital/Computer sk1lls to

Electronic students in Regional Vocatignal Schools. The

>

purpose of this program is to have the student develop

3

sufficient skills to gain employment in the Digital/

*,

Computer industry.
The Educational goals of this course are:
1. To introduce to the student representative

‘I§ansistor4Transi§tor-Logic (ITL) digital logic circuits

o8
with application,

2, To develop skill in programmlng a computerégn_

Assembler and Bas1c computer languages.

3. To deve;gp an uﬁderstandiné of how a cdmputer

works,

4, To develop skill in interfacihg a qonphter.yifﬁt.

external devices. . -

5. To introduce tools used in troubleshooting “ s

Digital/Computer devices:

-

In 0rdef'£bf this program.to be successful the

-

_-tollowing equipnent is requiredpaé

1. Digital Logic Trainet for each student, a

i

‘typical trainer is.t Hewlett Packg;d 50353 Logic Lab.

A trainer could ed;ily‘be built by the_studéht and its

“ - s ,’», . *'vv‘i.

1
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construction bgcome an integral part of the trainiﬁg. |
2. Rockwell AIM 65 computer. One computer éhould

be available to each stégent. All the learning activ-

ities in Chapters III, IV and V are developed around

the AIM 65. The cost of each computer is five hundred

- and for?ﬁidollars Canadian as of January 1980,

3..1Logic probeé and analyzefs to}completé fhe
activities in Chapter V. | - -

4, Avcomplete microcomputer incorporating, but.
not limited to tﬁe’following:

‘a;.‘Visual Displgy Unit

b.- CPU'with 32-64 K RAM memory T

c. Character or Dot Matrix serialiPrinfer

d. ‘DualvFloppy Disk

e. iéoftwgre péckaggs ithﬁéingfkéaéﬁbier and Basic

f;, ﬁRe;llﬁbxld" Interfaée.
‘fhis computer. can -be used to t’eaéh nany éf the ﬁjob

skilis listed in the Dacum chart.

This course should serve'asbaAguide for teachers.

i . The teacher nnyﬁiish to_substiiute‘or ignore any of -

thg activities. o . :

~

It was to have been the Nuclear Age. It became the

Computer Age. This is the title of a booklet published

by IBM that traces‘the development of éouputexséfxéh

1951 to 1976.
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At a recent international éonputer conference held
.at WOlfville,“Nbva Scdtia, Commodore Gra#e Hopper, a
Pentagon computer expert, predicfgd.that compute?s will
become the world's largest indnstry in4tﬁe near future,
even dwa;fing North America's automobile industry.

The age of the comﬁuter:_ World's la;gést;indﬁstiy.
Eipe:ts aré makiq;'predictions aboﬁt tﬁe rapid growth
of computers in oui sQéiety.

Someone will be reqﬁired to install, test and main-
_tain these computers. Tﬁis will.be the job of a trained
‘technician with skills in the field of digital and
computer electronics. |

These‘teghnicians‘Can and should be,triined in
Regional Voc§tion;i35chools'in Ndﬁ;‘Scétia.n fﬁis ;riter B
has pfesented:éﬁcqurse of.stndy_that’will train elec- o
tronic technicians in the.fundaménfﬁifDigitaI/Computer
 electronic skills. Thiévcpu:se’iﬁcludes'ski11 frain-

- ing similar to that in "Microprocessors", and "Prac-

tical Mictoprocéssors"._ In addition the propbéed course,

Digital/Coﬁpﬁtér Tbchnology,‘pées a '"real?” computer as
~ a trainer so that skills such as interfacing and trouble-
shooting can be included in the program. Applications

in the "real"‘'world are an important part of this course.

-~ -
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RECOMMENDATIONS
‘ During‘the pest twenty years electronic technology
has paesed thxouéh.tour_generations.
e)  Vacuum tubes | |
o) Discrete transistors
c) Integrated Circuits
e) . Large Scale Integrated Circuits (Ls1) including
| Microprocessors
We are now in the fonrth’oeneration. —Sone of our‘
Regional Vocatioal Schools nay not be: teaching skills in;
“this area,

ar

| 1. -Th: writer reco-nends thet‘electronice~txeining

4in Regional Vbcetxonel Schools include in their cuttic-
ulum coiptehensxve treining in Digitel/Conputer skills
using the course of study included in tbe Appendix of
this thesis. ‘ -

This progree will trein the youth of Nova scotia for:_f

-e-ploynent 1n the Digitel/Co-puter indnstry.‘

2, Snpplenentary leerning activitiee, desiqned to

‘teech the neceeeaxy nechenicel ekille identified by the

Dacum cbert, ebould be developed by teechegg:ueing the

_D&gitel/Co-putez !bchnology conzse. _ i “

-

3. No eveluetion is included in the Digitelléou-

‘puter Technology course. Methods to eveieete‘thel
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activities suggested in this program should be developed .

by the subject teacher.

_ CONCLUSIONS N | V——j

“Pract;cal Microprocessors" by Hewlett-Packard con-
tains a well decigned courcﬁxihat would fxnd application
in a varxety of training situations from technician t;
the engineering level.‘ The prinary disadvantage of 2
_selccting this course is tpe initia1~cos£ of tﬁelar503;A
_Microgioceacor Lab.zba'secondaiy consideration is in;uf; -
ficieﬁt intcrfacing‘aith tﬁe "real"'world.
"Micropxocessors" by HeathKit Continu:ng Bducat1on
is 3 rcasonably priced progran that teaches skills in
ajprogrann;ng and interfacingv< Unfortunatqry, the compan- .
_ icn éoaputec‘traincr;-ng 3400,4co§tains too 3-511-.¥
necory'for,goinercial applicationc and thf hc;adecinal .
kgypi& is ziof designed witc ctﬁc}mf -pro.ofan'ning in g
A‘ninc. . | T o - ‘ -
' Tha vritcr ‘has developed a course ot.atudy in

.DigitaIICo-putcr elccttonxcs ucing the AIM 65 as thc

' .[-icroprocessor trainer., Becausa the .AIM 65 is a

'v"raal" co-putct ‘and not just a traincr, the knowledge
gained by tha ctuétnt is lilitcd only by his ingenuity

and imagination, He"-ill {ind myraid apﬁlications'f‘
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interfacing printers, AC 'contro'lle'r's, DC controllers

and  analog td digital devices to x{ane but a few,
 The key to the writer's program is the Rockwell
AIM 65 Microcomputer. ' 5
¥ f » w ‘
‘
- d < ;./
e
’ 5.
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DIGITAL/COMPUTER TECHNOLOGY

o

The purrose of this course of studw in Ridgital/Computer
Technology 'is to enable the student to dsin entry level
skills and Knouwledde in the field of Digi¥sl/Comruter
electronics. Graduates of this rrogram &hould find . .
emrlosment in computer electronicsy industirial electronics
or related fields,

The Educational obJectives are?

1° To develor skill in srodramming a computer in
Assembler and Basic. :

2 To develor an understandxng of how a3 computer works.

i 3 To. develor sKill 1n 1nterfac1ns a computer with
external devices. .

4 To introduce tools used in troubleshoot1ns
st;tal/tomputer c1rcu1ts.

The materials héve been written with sous the students
in mind and the followins features have been inéluded“

1 As part of’th1s course sou will be 1ntroduced to an

- extensive slossars of computer related terms.

2 The bibliodgrarhs contsined in the main body of the
thesis includes .ournals and articles as uwell as texts,
This will be of assistance to those of uwou who wish to

. expand your KnouleGSQ about computers and comPuler related

~

czrcuxts. . : o ’ C
3 The madority of the materisls are desidned to be

interactive, that is You will read a3 short introduction and

then be asked to Perform an orerations i.e. @ learning.

LiVi&Bo . v .
(f 4 Several of Lhe learnins act1v1t1es n3y seem - :
.incourleter

s further investigation on usour own
should all W wou to comflete the exercises.”

.gour teather and the following texts as
resources. - ‘ ’ T A
~—
'Disital Trouhlbshootins by R1chard Es Gaspernz
ﬂicrorrocessor sgstens Ensxneerins by~ Canpy Snasr and'
- Triska

Introduction to\ﬁicroprocessors. Softuares Harduares
;Pro!rluninﬁ by Lance A Leventhal '

. . . R ° ' R
. A “ - ) - »
N ™~ 2 A PN i e PR
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TTL Data Book by Fairchild .
_Microprocessor Lexicon by Subex

Complete set of AIM 45 reference books |
Experiments in Digital Princirlés by Leach

Practice Problems in Number Suystemss Lodicr and Boolean
Aldebray ~

Programming the 6800 Microprocessor bus Scuthern

CONTENTS
A;” E;bSram.ips in Basic
11 Diéitai Losic'Cichiﬂs ’
111 Cumputer Archxtecture

IV Interfacing M1croprocessor ercuits and Bxsztal
ercults -

v Troubleshootzns of Didital Circuits and
H1crocoaputers ; _ : .

VI Prosran.zns in Assembler Landuade -~

o ' ' -
. . .
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I__Prodgramming inv/Rasic

These exercises are desidned to teach dou how to
prodram 3 computer usindg the Rasic landguade., In order to
use the followind exercises effectivelus you will recuire 2
comrputer (that conlains a3 Bas1c interepréter) and a3 computer
use manual. .. : .

For asximum ‘benefit "write" all the prosréms included.

Th1s rart of the course can be started at any times
however it would be benefical for the student to complete
the section while studuing basic electronics.. This would -
allow you to dain "hands on” exrerience with the.
microcomputer in a8 relativels non-threatening atmosrherey

-7 In order to communicate with 3 comruter we must be able
to "srpeak” to it., Unfortunateluys the comruler cannot sreak
cur landuade and it 15 very diffxcglt for us to "sreak"
1L'5 lanSuase. :

* - The lan3uaSe of the comruter 15 1’s and 0’s. For_
exasprley in order for the computer to add two numbersii(3+4)
it would reauire the following information?

Fa N
1000,0110 - ‘
0000,0100 Al s
i 110040110 -
. 000050012 . - 7
: o - 0001,1011 ot
» 101150111
000150011
0001:0000 e

PR

This is not a3 very good method for\\Proaranman' a
comruters it is slow and provides lots of room for error.,
Another -ethod for prodramming the. eonputer to add two
nuabers is to use an asseabler, The prosi is written in

- assembly landuade and then converted tao chxne landuage by
- the assenbler." : : ‘ -

: - . The follouins 1s an exanple of hou tuo nuubers could be
added’ : :

LDAA 0304 o o Lo e
LDAB ’$03 ' : : B RO
ABA .

STA '0010 :

,,A sinpll aethod has been devised where we sigrly tell the
. computer to-add tuo nunbers and Prxnt the res lt. That is?
: ;PRINT 6+3. L : : -

- L. . P e LT s ]

: L . RN S
. Y . K . . . 5
. . K . . “ .

e

c kg .
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This is sccomplished by the use of a Basic Interrreter.
The Basic Interrreter is a rrogram inside the comruter that
lets us sreak ta the computer in an almost Ensgslish-liKe
landusade. That isy the Basic interereter is similar to a
landuade - Lranslator. ‘

BASIC stands for Bedinners All Purpose Ssmbolxc
Instruction Code.

In order Lo make use of Baszcv we have to learn to
SPeaK‘ Bas;c.

The follouxns sections will’ 1ntroduce you Lo the Basic
lansuase and helP you write Programs.

~ BASIC CONCEPTS

STATEMENTS A Basiclprosram consistis of‘pde or more
. + - statemenis. "PRINT 27" is an examrle of a
PRINT : PRINT statenent. : »

LINE NUMBER Each statement must be Preceedeﬁ«béfgz//
seauentxal line number, '10' is 3 lxne number.

END ' The end of a Bas1c _ProOdram must 1nclude the
: END 5tatenent. -

- The follouzng is an example of 3 Basxc
programs (Tspe in this prodgram)

'REQDY (Th;s is Prxnted bs the comPuter)

‘10 Print 27 - (Return)
20 End ' (Return)

The PPOSPBI is nou in the conputer to execute
the prosra- tspe.-

27. should apPear on the qgreen. , -
) In order to see wour Progran tspe int
LIST o LIST, (Return) s
NEW . In order to delete an old Prosraa tyre NEH (R) -
' To s.i?if it is deletedr ture LIST (R)

-y‘- . - (

You SﬁouldAﬁou*he:ab;eéto qse;lﬁé'fqllbuins: .

“PRINT -~ - - (si?leaeni)‘ o S e
END -~ ~ " {statesent) e ; <L
RUN -~ (command)-- . = ..~

Lo kIST - {commsnd) - v T T

. NEW .« fcommend) SR
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STRINGS

A
OPERATORS

2

VARIABLES

~ This is a var;ablev AL’

82

You can also erint words (STRINGS) i.e. Print
"My Name Is". Lets write a rrodram that will
Frint sour name and ygour ade.

(note auotation marks) T

NEW (Return) or (R)
10 PRINT “MY NAME IS KAREN*  (R)
20 PRINT "MY AGE IS* ° (R)
30 PRINT 14 . (R)
40 END o

B}

Now RUN. énd then LIST this Program,

Write'a prodram that will Prxnt gour 3ddress
RUN and LIST

To exrand wour Prosramniné'capabilities we
will introduce to gou three new conceris. .

REMOVE A LINE To remove a line ture in the line number

and press return, -

Operators - These are + for addition
"= for subtraction
/ for division
X for multirication
] t . for exronentis

Be careful ihé conputer.sAordeé‘of orerations

This is a3 variabler A*~ .- . .}
This is 3 variabler B _

Variables are alrha nunericjbut the fzrst

. chargcler is aluwags.alrhabelic. List 100 - |
varidblesy remember the first character must *

be some letter between A Znd Zs the second
charscter’ if useds aust be 3 .numeral. -

will use t before X and /, and X and / before -
.+ and - ,

.o
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= ’ Examrle! A=3

This means.the variable on the left taskes on
the value to the right,

Let’s write a-Prodgram usind this new concert,

10 A=3 (R) .
20 B=4 (R)
30 C=B+A  (R)
40 PRINT C (gz
50 END

RUN® ' (R)

(ip | LIST  (R)
. . SUMMARY OF CONCEPTS LEARNED-

STATEMENTS.

LINE NUMBERS

PRINT

END 4

NEW S -

RUN -

LIST o
OPERATORS - L .
VARIABLES . |

I
B

Write a’éPOSran using variables and orerators
that will sum 25 and S0. Remember ‘to include a

Print statement so that gou nas see the

'result.
\;Q
RUN (R)

) LIST (R)
 MORE NEW CONCEPTS

INPUT ° Examrlet INPUT A —

The input statement will ask for a value to be
asszsned to the varxable A, .

10 INPUT A . (R)
20 PRINT A . (R)
30 END (R)

s

S



RELATIONAL

OPERATORS

~ IF+.e. THEN

GOTC

s lxne 20, . LR : | /)/'

= 10 INPUT AsBsC

. IF A>B THEN PRINT *A IS LARGER"
IF ‘A<R THEN PRINT "A IS SHALLER'

GOTO statements arq used to interrupt the
~ normal flow of the prosram. 10 GOTO 30 means

T W

RUN (R) -

. . ? (computer wants Qou Lo input a value)
? 27 (R) _
27 (comruter erints out/ 27)

Try asain' ) . .

20 D=A+B{C

30 PRINT D
40 END
RUN  (R)
? 10 (R) , '”
77 20 (R) (comruter Keers askinsg
. 7?27 30 (R) auestions until it receives
Soosog T Tao Tall the dnputs) \\J~>
= eausl
< less than
> dreater than
<> not eausl to.
r => eaual to or Sreater than
’=<‘ eaqual to or less than
; : Q_} - .
IF THEN 5tatements are used u1th belatlonal
orerators and helr the computer to make . , .
decisions. :

-
.

do not doto lxne 20 but goto lxne 30 sKipping

e
. Example - .
‘10 A=3 -
‘' 2084 A -
30 GOTO 'S0~ S
40 PRINT A ' ’
- 50 PRINT B
60 END L
This prodram will print onls 4. S
Be sure vou understand the rrodram logic.
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SUMMARY OF CONCEPTS

INPUT '
RELATIONAL OPERATORS
"IFssve THEN

GOT0

Now let’s use these four new concertsy
Inruts Relational Orerastorsy If.... Theny
and Goto to write a rrogram.

—

10 INPUT AsBsCyD |
. 20 IF ‘A>R THEN &0 (means GOTO—%ine 60)
IF C>D THEN 80
/FS% PRINT "B>A and D>C*
50' GOTO 90
60 PRINT "A>BA
70 GOTG 90

\ 80 PRINT *C>D".
“90. END

ta
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. g :
What would hsrren if wou did not use the GOTO
- statement?

We are really moving slonds now Wwe can do
arithmet%g and make decisions,

» K
What else can we do? How sbout writindg =
rrodgram that will find the averade of 3l

s ) Lhe'marks in your class and rrint it out,-
| How do wou find averade? fhink!_ ( ’
REMARK ~ REMARK (Rem) statement is used to insert

useful information in the rrodram. Howevers
it\is 1snored durindg erecut1on.

. 10 INPUT AsBsCsIs

«~ 7 20 REM! THE NEXT STATEMENT WILL ADD THE
o ., VARIABLES
30 E=AfBICHD .

%

- > , PV o

PRINT  The print statement can be used to erint
“STRINES" - words (strings) as varisbles. The words must
be énclosed in @uotation marks.,

- PRINT “ﬂORDS”vB
PRINT “TEST", A

Eyample ,
10 INPUT A °
: N 20 PRINT "NUMBER OF CHAIRS —”vA
= o 30 END :

" RUN
7 24 .
_NUMBER OF CHAIRS = 24

: Try the same pprogram using a 5 before A. RUN
- .Note the difference in spacind.. :

INPUT . INPUT " uoans",A ~

'"STRINQS” INPUT " NUMBER OF CHAIRS REGUIRED
Exanarle

10. INPUT “NUMBER OF CHQIRS REGUIRED "99
\\/ 20 PRINT 'NUﬂBER OF CHAIRS =" A
. . 30 END

RUN

\\;J/r NUMBER OF CHAIRS REQUIRED (sou 1nPut 24)
. NUMBER ‘OF CHAIRS = 24 i

o « v -
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’ »
Sometimes. it is necessaru to rereat an.

-oreration over and over. This can be easily

accomrlished using a For Next'IDOp}

Examrle

10 FOR I 1 T0S
20 PRINT I )

xg*'e 30 NEXT I

w’STER '

MULTIPLE
STATEMENTS

" SUBSCRIPTED
VARIABLES

-

40 END

RUN

O

First the value I=1s then line 30 NEXT I
causes the rrodram to loor back to line 10

.and I sets 3 new value i.e. I=2 etc, .

‘fone'lo-could have been written | 0

FOR I=1 TO 5 STEP 1 This means that I
increments by 1 each time it does throush the
loor. Note if ster is not used the increment
is 1. In addition .8ou maug use.A '

FOR I=1 TO & STEP 2 Note I 1nerements
bx 2 . ANY STEP MAY 'BE UsSED.

Write 3 prodgram. Lhat uses 3 For Loor with 3

ste® other than 1

5

SUMMARY OF CONCEPTS COVERED

REMARK

PRINT "WORDS*,A i
_INPUT "WORDS"»A -
FORvoo NEXT

-

Hultzple Statenents m8y be used on one line
with the use of 3 colon examrle!

" 10 A=274¢ 8‘33

Exaapleét»ﬁ(i), B(2)y Z(14)

-

Sonetxnes it is convenient to use subscr;rted.'

varisblessy esrecially wben 1npubins nunbers

to print out as data, .
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DIMENSION Subscrirted variasbles greater than 10 must be

dimensioned, (that is» srace reserved in
memnory ) .

-

+

Example. DIM AC100)y B(S0)y CC27)

0.K. Let’s use the last three concepts Lo

write a PrOSram.
FOR. s+ « NEXT
Subscrirted Uarxables
DIMENSIGN

5 REH PROGRAM TO READ IN 25 VALUES AND

"~ PRINT THEM OUT

10 DIM A(25)

20 FOR I=1 TO 25

30 INPUT A(I): REM FIRST uILL BE A(1)s .
. . THEN A(2)s ETC. . _ '.
40 NEXT I - ‘ '

50 FOR I=1 TO 25

60 PRINT ACI),

70 NEXT I '

80 END

RUN o {

Not = Qerg'dseful Prosﬁam. How about if we
find the average of these values and erint 1L
Out& . . . Vi - -

1 Z=0% REM INITIALIZE COUNTER _ ‘
5 REM PROGRAM TO READ IN 25 VALUES AND
PRINT OUT THEIR AVERAGE ’
_ 10 DIM A(25): REM REQUIREB FOR SUBSCRIPTED
o | K VARIABLES <
a : 20 FOR I=1 10 25 S g SR
R © 30 INPUT ACI) o e : :
40 Z=Z+ACI)! REM KEEPS RUNNING TOTAL.
50 NEXT I o .
- 60 X=2/25% .
.70 PRINT'"AUERQGE OF ALL vagpss Is',x
\ 80 END - _ -

< Study this prosras vérs'carefulls as soU«inPd£ 
and run it. If BQU'hBVE any auestions Please R

185K, - - o
. | - | A
urrose th1s Prosran was used with different o

Populatzons 1.e. 20y 40- 15.

. Can sou*wrlte 3 unlverszal rrogras Lthat will
let wou find averaSe scores. of different
Populatxons.”_A_ : _

" Try 8 varxable"ihﬁplacé of 25.

-~




DATA

READ

\ g9

’Soneti-es-it igs convenient to include DATA in

the basic erosgram. The DATA can then be
retrieved by @ READ statement. ’

{
Example! ., ~ .

10 DATA. 105 20y 24y 64
20 READ Ay By Cy . D

30, E=A+B+C+D

40\ PRINT. "SUM= "sE

50 \END

RUN -
Conside\ the followind

10 zZ=0 .
20 FOR 1= 1 TO 5

30 READ @Ay By Cy D ¥

40 Z(\I)=A+B+C+D  $PRINT Z(I)
50 NEXT I T <
60 DATA 23y 167 495 73 AR
70, DATA 68y 47y 771 19 .

. 80 DATA 37, 29y 77y 76

90 DATA 88y B84, 44, 84

100 -DATA 691 795 89y 99

_ 110 END -

Z(I) 15 the sum -of each TOW,

|
READ and DATA statements are often used uzth

statxst:csr a

Write s 9rosram that  uses the temperature
recorded five times a month for 6 months.
Find the averade temrerature for each month
and then have the results printed out.

.~ SUMMARY OF chCEPTs

Subseripted 0ariables
DIMENSION

READ

DATA



STRING A% is a

90

string variable

"UARIABLES B$ is 3 string variable

Strindg

¥

var13bles can ecual wordss or values;

or both enelosed in euotat1on marks,

AS="YESY . - .

B$="9

APPLES" -

Ce="9o"

Exé:%le’

*

INPUT "WHAT IS YOUR NAME?" 46 ‘-
PRINT "HOM ARE YOU ";As

30 “BOYOU WANT TO CONTINUE?“rB$
40 1 $="YES"™ THEN 60
90 GOTO\999. (s
60 PRINT A% "HOW OLD ARE YOu®*
70 -INPUT C L ’
80 INPUT "HOW OLD IS YOUR FRIEND?",[$
. 90 E$=C$+D$
- 100 PRINT "YOUR AGE AND YOUR FRIEND’S AGE
="3E$
110 PRINT *DO YOU WISH TO CONTINUE“?AS
120 INPUT. BS '
.- 130 GOTO 40 -
99

)

BUILT IN FUNCTIONS

10
20

_ - - 10
4 20

>~ .10
: - 20

" TAB FUNCTION Tab let
: rre—-det
charact

v S 10 PR
: , - 20 PR
30 PR
40 EN

: ExanPle: trig functions

? END

i

. Basic contlains 2 larde number of

buill in functions.

.

A=C0S ( 19:REM COMPUTERS USE RADIANS
PRINT A

B=SIN(.7)i S
PRINT B | SN

A1=SORT( 16 )$REM SGUARE ROOT
PRINT A1 . - '

%

s you move the cursor to a <f\
ersined rosition before Prxnt1ns the
er. .

INT TAB (20);*%"

INT TAB (21)3%+" :
INT TAB (22)3°C + 1* ~
D

" It should be clear that using the tab function

_dou can.
8 Pr05r8

draw rudimemtary pictures. Try writing
) to drau a. cxrcle.
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RND FUNéTION' The RND functiom is used Lo 3enerate a random
. : number hetueen 0 and 1,

Evamprle?
10 A=RND( O ) ) -
_20 PRINT A ‘ !

RND is useful in damess Exanrle?
10 A=RND (0)%5 . '
' €20 B=RND (0)%3
¥ ) 30 IF A>B THEN 70
N 40 IFf B>A THEN 90
/“\j> ; . 90 PRINT "TIE"
60 GOTO 1000 :
70 PRINT *A>R" ' B
80 GOTO 100 i
90 PRINT “ER>A"
100 END ' ' . ‘;:“x\ :
' Prodram the comruter to denerate several
random numbers then lave tLhem rrinted out.

v

INT FUNCTION The INT function removes the decimal Portlon
’ B of 3 number. Y
10 A=1.2345
20 B=INT (A)
30 PRINT B
40 END

Using the RND and INT functions write a
rrodram which has two plavers roll & die
- and prints out the winner and his roll.

If wou are stuck go on to the next section.

GOSUB.,».RETURN #hen rart of 3 rrodram is ué@d many timess
. usually thst Pa;}yof the rrodgram is set
aside and called”’ur when needed with a
" GOSUB statement. -

Examrlel

10 REM DICE PROGRAM

20 REM FIRST PLAYER BGETS DICE

30 GOSUB 100

40 'P1 =A+B ) .

50 REM SECOND PLaYER GETS BICE ¢
55 GOSUB 100 i :
60 P2=A+B

70 IF P1>P2 THEN 130

80 IF P2>FP1 THEN 1350

90 PRINT *"TIE": GOTO 1460

100 A=INT (RND(O)X4 )41

110 B=INT (R B(0)16)+1

120 RETURN \ -

130 PRINT "F} AYER 1 HINS"
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. 140-6OTO 160
L 150 PRINT *PLAYER 2 WINS" . .
: . 160 INPUT “PRESS D RETURN TO
< CONTINUE®sZ$ o
. 170 IF Z$="Y* THEN 30,
i 180 PRINT "END OF \GAME"
- 190 END

You are. now ready to urlte mana mores and ‘mﬁn
larder Frodrams,®

£
DEF FN X (Asz, User defxned functions are s1mzlar to Gosubs
~ exceprt theu are on one liney and are
unreferenced as to line nimber when used. - .
Thes accert input and return a srpecific
" value. The amount of inrut they can accert
is determined buw slots or the number of
dumms arduments allowed.
10 REM USER DEFINED FUNCTION FOR PYTHEOGRAN
THEOREM
20 DEF FN P(XyY)- SQRT((XKX)+(Y*Y))
30 X=20 ~ , -t
40 Y=30
S0 Z=FN P(20,30) .° . ‘
60 PRINT "LONG SIBE UF RIGHI TRIANGLE *"‘Z
70 END

SUMMARY OF CONCEPTS

String Uar:ables

Functions

TaB. '

RND -

INT :

GOSUB..» +RETURN .

User Defined Functxoné BEF FN P(XyY)

You now have enoush.couuand of the'Basic-
vocabulary to imrlement the other
charcteristics of Basic not already

-V// aentioned.



03 - - S

<

-~Logic circuitls deal with discrete auantities or voltade
levels, For Transistor Transistor Lodic (TTL) 38 logic 1 is
+9 volts and 3 logic 0 is 0 volts.

’

This charter on lodic circuits serves two purroses.
1, It provides 3 backdground in TTL lodic.
circuits so that uwou can do on to studs
P microrrocessor circuits,

2, It is 8 foundation course in TTL diditai
3 . logic,-

e

The follou1ns is 3 sudgested order of studu for the
act1v1t3 unlts.

&

A, Semiconductor Revieuw

- B - quber Sustens .
€. Logit Levels

I. Introduction to the Logic Testep
E. Logic Gates

L —

- F Boclean-ﬁlsebra-
G. Sesuential Logic Circuits

H. Combinational Losgic Circuité
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1 A Prosradmed Review of Transistor Oreration’

3

x

2 The Bisolar Transisﬂor as a Switch

i

£

3 .tDesidn of Tramsislor switching

T
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A PROGRAMMED REVIEW -

Your understanding of logic circuits is dependent upon a knowledge of
bipolar transistor operation. A knowledge of transistor action is a pre-
requisite to this program, but the following review is included to rafresh
your understanding of this important subject.

L I .
To use this progx:am simply read the information in each numbered frame -

and answer the accompanying question by filling in the blank(s) or
choosing the correct answer. Cover the frames below the one’you are
reading with a piege of paper so that you will not he tempted to look at the
answers. As you complete each frame, slide the paper down to reveal the
next frame in sequence. The correct answer to the question in the previ-
ous frame appears in parenthesis at the beginning. The lesson material

then continues. For best results complete this entire section at one time )

rather than breaking it into seveml study periods.

1.. A transistor is a three element semiconductor device used in
electronic equipment for controlling a large currentwith a smaller
‘turrent. Transistors are used primarily as amplifiers with gain but
are also used as switches in digital logic circuits.

Transistors are made_of sémiconductor materials such as sﬂicoxi
and germanium, These are materials whose resistance is some-
: where between that of conductom and insulators

The resistance of silicon is oo

a. greater than . T /
-b. less than )

c. the same as

the resistance of a good conductor such as copper.

™ -



L

o e

e A

D LA (A E g e 0s

2-6. JuNTTWO

2.

. holes 1o support current flow.

[a greater than)-Since the conductivity is between that of good
conductors and insulators, the resistance of a semiconductor like
silicon is greater than that of copper but considerably less than the
resistance of an insuk}t?ir such as glass or ceramic. -

_ There are two types of semiconductor material, P-type and N-type.

A semiconductorsuch asgilicon is combined with other materials
to form these two different types. For example, certain impurities
are added to pure silicon to form P-type and other inpurities are
added to form the N-type. The resulting N-type material is one
which has an excess of fres electrons. In other words, the majority
current carriers. are electrons. In P-type material, the. majority
current carriers are holes. A hole is the absence of an electron in

_the atomic structure of P-type silicon material, and it acts like a

positive charge. P-type semiconductor material has an excess of

[

“Current flow is* by __*;_"_H___ in ﬁ-type material and by

e

in P-type material. -

JUNCTION 3
ANOOE . CATHODE ‘

B

CATHODE (N}

ZANODE (P) |
D o ———GS— .
DIRECTION OF CURRENT Fw}? B

Figure 21 °

{electrons, holes) Transistors and other semiconductor devices
such as diodes and integrated circuits are made by combining
P-type and N-type materials. For example;.a diode is formed by

joining P-type and N-type sections as shown in Figure 2-1A. The

P-type section is designated as the anode, and the N-type section
is designated as the cathode. ..

The PN ]unction thus formed has unilaterial characteristics That
is, current will flow through it in only one direction. It blocks

- current (electron)) flow in the opposite-direction. Figure 2-1B

shows the’ symboq| used to represent a PN )unction djode in

1

of current flow.
I— o~

- A PN junction diode
{A) :ndéb schematic symbol (B) .

x

Sy
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4. (direction} If we apply a dc voltage to the junction diode, current

may or may not flow through it depending upon the polarity of the
voltage. This applied voltage is called bias. Figure 2-2 illustrates
one way in which a junction diode cen be biased. The _series
registor R limits the current to a safe level."

In Figure 2-2, electrons flow ont of the negative terminal of the

battery into the N-type material. If the battery voltage is high
enough to overcome &n inherent potential barrier associated with
the junction, the electrons will cross the junction and fill the
holes. As the holes in the P-type material are filled, new holes ara
formed as electrons are pulled from the P-type material by the
positive terminal of the battery. The result is a continuous current
flow through the device This arrangement is known as forward
bias. .

-

To bias a junction diode into conduction, the P-type eloment is

connected to the ___________ terminal of the battery and the
N-type element is connectedtothe _________~__ terminal of the
battery.

{positive, negative) To forward bias in a PN junction diode, the
positive (P) battery terminal is connected to the P-typs element
and the negative (N) terminal of the battery is attached to the
N-type element. The result is a continuous flow of current through
the device that is effectively limited by the external circuit resis-
tance. A voltage drop of approximately .7 volts occurs across a
silicon diode. This drop is essentially constant regardless of the
current value. The drop across a oonducting germanium diode is
ahout .3 volt. '

How much cu.rrent ﬂows in the cirmut of Figure 2-37 -

I=___ma “_»

Figure 2-2
Forward biasing a PN junction
diode so that it conducta

R-4.3K SILECON DIODE

£-5 VOLTS

Figure 2-3
" A forward biaged diode.

L



6. (1 milliampers) In this circuit the diode is forward biased because |
the polarity of the applied voltageis correct. Therefore, current
does flow.-This current is limited by the resistance, but of course, |’
is also a function of the battery voltage and the diode voltage drop.

: Inthis circuit, the diode drop is about .7 volts because the device is
silicon. This means that thg voltage drop across the resistor is (5 —
".7) = 4.3 volts. The current (I} is then found by Ohm’s law.

E 43 a3
I= . = " - . =001 amp = 1 ma
R 43K 4300 . ‘

o

Current flows in a PN junction diode when it is-

Figure 2-4 A reversed
biased PN jnnction diode

~

7. [for-ward biased) A forward biased diode conducts and acts as a
very low resistance, permitting current to ﬂgw through it frealy i
the polarity of the applied voltage is reversed as shown in Figura
2-4, the diods is said to be reverse biased.

With this arrangement, the electrons from the negative termmal of
the battery fill the holes in the P-type material. The excess-elec-
trons in the N-type material are drawn away by the positive termi-
nal of the battery. The effect is to draw the current carriers away
. from the junction so that no current flows. The diode acts as an
" effective open circuit. In a practical dicde some leakage current
does flow across the junction. But in a good silicon device this
current is very low, in the microampere or nanocampere range, and
: for most applications can be considemd to be negligible or zero.

. To reverse bias ‘a diode so0 that.no cumnt flows through it, the
3 cathode [N) must be —_— with Tespect to the anode P).

8. - (positive} Ifthe cathode is positive wlth respect to the anode, the' <
* . diode is reverse biased and no current flows. To achieve this, the ..
‘positive terminal of the battery is connected to the N-type cathode,

-and the negative terminal is connected to the P-type anode.

- 'If»the anode is made positive with respect to the cathode then
' ;curtent will flow. True or False? ,
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... A transistor-has (how many?) S -\ junctions.

9. (True) With the anode (P) positive with respect to the cathode (N),
.the diods is forward biesed so current does flow. As you can see,

- the-diode is polarity sensitive and that current does indeed flow . | .
.through the device in only one direcﬁon. from cathode to s'node "~ JUNCIIONS JUNCYIONS

A NPN 8 PNP

Tmnsistors are simply an extension of the 1unction diode concept.

~ Transistors are formed by combining the P- and N-type material to
form two junctions. This is done with three semiconductor ele-
ments. Figure 2-5 shows the two types of transistors,

The device in Figure. 2-5A is an NPN transistor and the device in A .

i -5
Figure 2-5B is a PNP transistor. Note the two arrangements of Types of i‘ggf&n o naistors
alternate P and N type materials. "

The symbols used to represent these two types of transistors are A
shown in Figure 2-8 below. e

N

8o |

gure 2-6 -
'I‘:minor Symbols

The direction of the arrow is the distinguishihg feature. ° : o

' & | e. |
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B-C JUNCTION

1] .

10.

[twe} Both types of transistors have twe PN junctions. Each jnnc-
tion behaves exactly like the PN junction diode discussed earlier.

The three elements of each transistor are gwen specxﬁc names as

) , mdicated in Figure 2-7.

a

Emma‘_'(s)
BASE -(B)

-

. COJMECTOR (€} COLLECTOR (C}

EMITTER (£}

Flgure 2- 7
Identifying the
three elements of a transistor

Ina translstor. gurrent flows through the device from the emtter
through the base to the collector (holes in a PNP transistor and

- electrons in an NPN transistor). The presence or magnitude of this
, emitter-collector current is dependent upon the existence or mag-

nitude of the base current.

The control-element in a transistor is the

11.

(Basa] Yes, the base is the control element. It effectively deter-
‘mines the magnitude (or. presenbe}-@i.ej' ‘af any emitter-collector cur-

rént. E |

In order for a transistor to function properly, the emit"ter;base (E-B)

. and base-collector {B-C) junctions must be properly biased. Proper

bias to cause a transistor to conductjoceurs when the E-B junction
is forward biased and the B-C junction is reverse biased

" Is the PNP transistor shown in Flgure 2-8 properly biased for

conduction? Yes or No? ____
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12. (No)TheB-CjunctioniSOK since it is reverse biased (+ to N and —
to P), but the E-B junction is reverse, not forward ‘biased. The
polarity of battery E; must be reversed. U

Using the circuit canfiguration shown in the previous frame, draw

the proper biasing for an NPN transistor.

113. (Refer to Figure 2-9]. The E-B junction is forward biased [+ to P

- -and —toN) and the B-C junction is reverse biased (+ to N and-— to
(P . . . RN

In a}practical transistor circuit you can measure the imlia‘ﬁes at

ygu can determine if the transistor is conducting or cut off.

sing the knbwledge you've abtained to this pbint_, determine the
condition of the transistor in Figure 2-10.

R

This a. PNP transistor c. isconducting.
b. NPN d. is not conducting.

.eaghi transistor.element and noting the magnitudes and polarifies, .

14. ®. NPN, c. is) The transistor is conducting. The base is more
‘ positive than the emitter so the E-B junction is forward biased.
Note the difference of potential across the conducting E-B junc-
tion is .7 volts, the forward voltage drop of a silicon diode. Most
- modern transistors (diodes and integxated cm:uits) are silicon

" devices.

- —2) = 1.5 volts so this junction is reverse biased Therefore the
"transistor is conducting. .

Is the PNP tranaistor in Figure 2-11 conducting or non-
conductmg?

Ea

Thebase is less posiﬁve ormore negative then the collector by (3.5

HTD )

Figure 2-9
A properly bimd NPN'-transistor
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T aiwar

CONTIMUING
EBUCATION
AR R,

Pk

Figure 2-12 Current flow in

a properly biased NPN transistor

15,

[nc;n-conducting] Both the E-B and B-C junctions are reverse
biased so cunent does not flow from emitter to collector. .

The actual path for current (electron} flow in a properly bxased
NPN transistor is shown in Figure 2-12.

Alarge current (I;) flows into and through the emitter, through the
base to the collector. Note that a small amount of emitter current
divides off end flows out of the base. This is the E-B junction
forward bias current or the base current I. Its magnitude is usu- _
ally considerably less than that of the emitter current. The remain-
ing current {I) flows out of the collector.

Considering the current relationship in Figure 2-12, how do yoﬂ
think the current flowing out of the collector compares to the
current entering the emitter? The collector current is -

a. equal to
b. less than
c. greater than

the emitter current. .

16.

(b less than) The collector current (Lc) in reality is very nearly :
equal to the emitter current (I¢) but is less than the emitter current

" by an amount equal to the base current (I,} The exact mlationship~

is as expressed below.
vIc =lg—1I- ‘

You would expect current to flow in the E-B circuit because this -
junction is forward biased. But you would not normally expect:
current to flow in the collector because the B-C junction is reverse
biased. The electrons flowing in the emitter enter the base. Here
some of the electrons combine with holes in the P-type base and_
creste the current flow out of the base. However, most of the
electrons pass.on through the base and into. the collector. The
reason for this is that the base is extremely thin and has only a
minimum of available carriers to support current flow. The elec-
trons passing through the base are then attracted by the positive
charge on the collector. The coﬂector cun'ent is [

‘J

a. much higher then ,, ?
b. mth lower than ) '

E

N

c. about the gsame as
the emitter current.
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17. (c. about the same as) Most of the electrons in the emitter pass

h-;

current. A few electrons do combine w1th holes to produce agmall
base current.

-

. through the thin base into the collector and become (:j%fu)@t

The current flowina properly biased PNP transistor is as shownin _

Figure 2-13. It is similar but not exactly like that in an NPN
transistor. . ‘

o
"

il =—<]
‘ +l|.|r_
Figure 2-13

*~"  Electron and hole flow in
_° a properly biased PNP transistor

The current carriers in’a PNP' translstor are holes rather than’
electrons. Internally the holes flow from positive to negative.

External to the transistor the current is electron flow as indicated
by the dashed lmea The internsl hole currents have the same

relaﬁonship as electron flow in the NPN' dev1ce

Ie= Ix - Ia
The electron flow extemal to the transistor is perhaps more claa.rly _
expressed as . E; '

Of course these. two expressioﬁs are mathematically identical
since one can be derived from the ath by gimple algebraic

manipulation,

. %
i

If the' etmtter current is 4 ma and the cal]ector currentm 3 85 ma,
what is the base" current? = S

2-13
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18. {.15 ma or 150uA) The base current is the difference between the
emitter and collector currents or

Ip=Ig-Ic
Is=4 - 385=.15ma

The collector current is less than the emitter current hy the(
amount of the base current.

* The ratio of the collector to emitter current is approximately one
because in most cases the collector current is very nearly equal to
the emitter current. This ratio is called the forward cnrrent gain (a0’
or alpha).

a= L =~ 1 gince Ip = I
' IE i

(=means approximately equal to}
Practical values of alpha run in the .95 to .99 range The higher the

gain the better the transistor. -
Using the values in the previous example (I, =4ma,lc-= 3 85 ma)
_-what is the current gain alpha?
. - 3.85 N
19 [a= u: = 8 = .9625)
Ie ra

While alpha is always less than one, we still refer to this cumnt :
ratio as a gain '

>

Figure 2-14 below shows another way of connecﬁng‘ the bias- to a

o Je
| P |

Figure 2-14

+ S+
% Biasing an NPN transistor
3 é///)% = _2 with a common emitter connection

Note here tha.t the emitter is the commdn element for the supply
voltages rather than the base in the previous examples.:

‘WIll this transistor conduct? _
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20 (Yes) The transistor will conduct. Figure 2-15 shows the current

paths.

12
The transistor conducts because the E-B junction is forward,
biased and the B-C junction is reverse biased. This reverse bias
condition can be more readily seen if you consider the voltage on
the base. With the E-B junction forward biased the base is .7 volts
more positive than the emitter. The collector is more positive then
the base with respect to the emitter because E; is usually much

* greater than .7 volts. For this reason the base is less positive or
more negative than the collector, thus the reverse bias

In Figure 2-15 what is the relationship between the various cur-

rents flowing?
a'.. ,IS = lc ‘t‘ Ig
b. Ic = Ig + Ig

C. IC = Ig +-I‘

21. (a. I = Ic + I5) The base and: collector currents combine at the

emitter to form the emitter current. The relationship expressed
below

L=Ilc+ Ia
hold_s true for any transistor in any bias circuit configuration. .
Since both bias voltages E, and E, are positive with respect to the

emitter as shown in Figure 2-15 then they can be replaged by a -

single supply battery as shown in Figure 2-16. The result is proper
bias for conduction at e considerable savings in the power supply.

The values of Rgand R; are ad}usted to provide the desired current
levels. The bias voltage is labeled V. and is called the collector-

supply. | _.
In Figure 2-18
a. 13 >%Ic
. b. I. = Ic ' ' -
C. I' < Ic

Note: > means greater than
' < means lasg than

Figure 2-15
Current flow in
a common emitter biasing circuit

%

Figure 2-16 Simple voltage
biasing of an NPN transistor




i
i
!

%
%

¢

2-16 l UNIT TIWO

106

o
Al

22.

(c. Iz < I¢) The base current is always 1ess than the collector
current. But they are related as you learned earlier.

I =Jp + L

The ratio of the collector current to base current is another way of
defining the gain of a transistor, -

This is known as the dc forward current gain designated as 8 (beta)
or hHgg. . R

hrs =8 =1/1g

“The higher this ratio, the higher the gain,

If Ic = 3.85 mé and Iy = 15ma thegainis .

23.

- Ie 385
(hres - 2 = = 25.67)

In .15

This current gain figure actually tells us how much control the
base current has over the collector current. Remember that if no
base current flows due to a lack of forward bias on the E-B junc-
tion, then no collector or emitter current fiows: It is also true that

" the amount of collector current flowing dependé upon the dmount

of base current. The collector current is directly proportional to |

-the base current. The I;/I, ratio is essentially constant for a given

transistor so increesing Ip increases I; by a factor equal to hyg.

If Ic is 4 ma, hys = 20 Iy=— . . ma

24.

(:2maor200 4A) Sincehys = L/lythen1, = Ip/hyg o, = 4/20= 2

"

Ifivedecm‘ml,by.bSmathenewL;wﬂlbe_._ma.
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.
25. (3ma)le=1I; hyp = (2 — .05) 20 = 3 ma.

E Note that we decreased I, by .05 mawhileI.decreased by 1.0 me, a

20 to 1 ratio (hgg). Therefore you can see that the smeller base
current can control the larger collector current. !

Asyou change the base current to contral the collector current the
transistor acts essentially as a variable resistor. A high collector
current means a low emitter to collector resistance and a low
collector current represents a high emitter to collector resistance.

:An increase in base current causes the emitter-collector resistance .-

to i 74,

*

26.

(decrease) Increasing I increases I so that the transistor conducts
more and-appears as a lower resistance.

°

In amplifier applications & small signal such as a sine wave varies
the base current to produce a larger collector current vanation of

thé'same shape

The transistor can also be used as an on-off switch. If no base
current is appliedf no collector current flows so the transistor is
cut off. It acts as an open switch. If a high base current is apphed

" the transistor conducts and acts like a very low resistance. The

transistor appears as a closed switch. In this program on digltal

lechniques, the traxisistor will be considered a switch.

P

7

a
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2-18 : UNIT TWO ‘ : CONTINUNG
. Pl e

o . 1. Current flow in N-type semiconductor material is by
T e ‘ a. holes
T - ‘b. . electrons
c. ‘positive ions
- d. negative ions

BRG ... 2. Current (electron) flow in a PN junction diode is from
= i . | a. PtoN | '

b. NtoP

¢. eithera. orb.

T ) 3. To cause a current to flow in a PN junction it must be
‘ a. forward biased :
b. Teverse biased
c. connected to a source of ac
d. subjected to an electric field

5, _ . 4. Current will flow in a PN junction diode if
SO ’ : . a. Pis~, Nis+
ib;. the cathods: ia positive thh respect to the anade.
¢. the cathode is -negative with, respect to the anode
- N d Pis#Nisi.w .

5. Majority canier ﬂow through a transistor is from
through the . to the

N 54

Ea ' : 8. A conducting NPN trensistor hns which of the following bias condi-
T o tions? . f A . ‘
P oo s a. base positive with respect to emitter and collector negative with
p T respect to base. )
' : : _ ' S ’ b. base negative with reapect to emitter and collector  megative wlth _
' . ~~ respect to collector. -
c. basé‘tiegative with respect to emtter and collector positive with
respect to collector. L

- \ : d. base positive with respect to emitter and collector positive with -
« v R - : ~'\ respect to base. = S <

N

N 3
e ~
i . TR . -
« o o £
. " Py o
G 25 A,
Ry _
' HY o
t ' ~




R e

LA 2

N TR S S N B

EOUCATION Somiconductogbo)}icu for Digital Circuits
y — ' N
P
7

10.

. The  gain of the common emitter transistor circuit is

13/13

L
c I/ls

d. I/l ‘

tween the various transistor currents?

8 L=l +1,

b, LL=L—-1,
C. 'IS=IC—IB.
d =L+l

. The collector current is controlled by varying the RN

current.
'I_'he emitter-collector resistance

a. increases

b. decreases
when the collector current decreases.

. Which expression below accurately describes the relationship be-

Answers

1. (b) electrons . o ‘ .

2. (b} N to P or cathode to anode - &?

3. (a) forward biased ‘ -

4. (¢) cathodeis nogative with respect tothe anodeand (d) Pis o
+ and N is ~

5. emitter, base, collector

‘B. {d) base positive with respect to emittar and collector posi-
tive with respect to bue

7. [C] Ic/I. = hrl S

N

5.
8. b=l _ B
8. base ' T
- 10. (a} increases .
( o 5{;.,

[z

g’-19

o
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Learning Activity A2
The Birolar Transiﬁ}br as 3 Switch
ObJective! To be able to relate transistor action to logic

levels. B

¢

There are two basit_tspes of iransistor switcheé used
ingihe‘inplenentation of digital intedrated circuitsy the
birclar transistor and Lhe metaiTokide semiconductor field

-

effect transistor (MOS-FET).

o

In digital arrlications the transistor orerates as an

" off/on switch. When the transictor is conduycting full on -

{(saturated) it bperétes like =3 closedasgitch. When the
transistor is cut off it orerates like éﬁ oﬁep suwitch,

-

‘A cutoff transistor is'eguivalent to = lesic 0 and a

saturated transistor is eauivalent to & logic 4,

RS

- ey " e
, A _
-~
<o
t
o
2T,
P
S
e
~ [ 4
A4
. A *
. .
P
Bl
- ¥ Rt
- gt
W X il
EX L 74
: St R 2
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: % St e B R
AL T £
o e }\é
- e
- Ee <8
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Learning Actlivity A3
Desisn of 8 Switching Transistor
<

Obdective! To desidn a transistor driver for 2 LEI.

Use the following first approximations:,

2  ;3; Vee

by Vce

il

0 when the transistor is on

i

Vee when the transistor is off

“s’'-cy Collector to basse leakadge idnored

- < . . )

@

DesiSn Considerétions. ) ' 3
1 Define the lozadsy usuallu voltage and current,

-~ 2 Srecify supplu voltadge.

3 Select transistor maximum Icy must be 2xIc recuired

and voltade breakdown must be 2:xlIc.

‘4 Determine series drorring resistor.

Ic \

5 Cslculate In . | :}»s |
| hfe =Te - Ib=1Ic" |

| = e

- to insqre.sépupation.haif;iii '

b=l = 2Ic Vad :

nfesi  nte

6 Calculate Rb . Rb=Vi-VUbe = Vi- .7,..

. 4;5-9*_
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NG .

No y‘

NG,

No.

No.

112

Application 7

Design a transistor driveb_for a LED

‘;l

Ic = 20 milliamrre
VL = 1.7 Volts
Vee = ¢ 5

“Use tranﬁijtor'2N3904

——— — i o G e e e

Re =Vee < VL = 5-,7 = 165 ohms

Ic _ 20E~-3 S
Ib = 2xhfe = 20.02) = .04 = 4 millismes
100 100 100
Vi

(4
14, }
<
=]
.
F
u

Rb =5 - .7 = 4.3 = 11E+3 ohas
AE=3 - J4E-3 B

Turpical circuil’




A

A e T S A e 4RO

N e oA B ARt

PO SR

B1
B2
B3
B4

B5

B6

B7
B3
BY

B1Q Adding Octal Numbers - Adding Hexadecimal

’llé

B Number Susiems

.<Décimal Ssétem.

Binary Numbers

bctal Numbérs
Hexadecimal
Binary Addition

Binars‘Sueractidn

#ultirlication of Binary Numbers

Division of Rinars Numbers

Binary Coded Decimal (BCD)
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Learnins Activity R1

Decimal Sustem
The number system most familiar to us is the decimal

sustems in uhicﬁ the charapters haveupen rossible states,

T

0 - =0

0 \+1=1

.1 +1 =2

2 +1 =3 .
3 + 1 = 4.

4 +1 =3 ﬂ
S +1 =6 ‘

- 6 +1 =7 .

7 +1 =28

8 +1 =9

9 +1 =10

10 +1 =11

98 + = 99

2 +1 =100 -

100 + 1 =-101"

The decimal sustem has the concert of rlace value.
;o .
That isy 71 =7 % 10 + 1 % 10
=70 +1 =71
Derending upon”the'position of the numerals with
respect to the decimal roints that numeral is multirlied by
some rower of 10.

Another examprlel

728

nn
~N
X
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- Learning Activity ER2
Rinaryg Numbers
Binary number sustem is similar to the decimal susten

excert that there are only tuwo rossible states, 1 and 0,

Decimal = Binary , - i
0 o= 0 =0 L : ]
1 = 0 +1 =1 ' :
2 = 1 +1 =10
3 = 10 +1 =11
4 = ¢ . 11 +1 =100
3 = 100 + 1 = 101
6 = 101 + 1 = 110
- 7 = 110 + 1 = 111
£, - 8 = 111+ 1 = 1000 }
9 = 1000 + 1 = 1001
. 10 = 1001 £ 1 .= 1010
Converting from Binary to Decimal is similar to slace
vslue in the Decimsl sustem. i.e. .. A
. 3 SR o
. 41010%2,= 1 xw24+0x2+1x24+0x 2>'°
) . - <105 ‘
| - * '.8 +-0 2+0 10 1o | |
s © . To develor skill in this arear convert the followind
) T - i
’ Binary numbers to decimaé:
IOIJ = teresr e
* - t 1.011 = o?’ntolyo
1100 = seesresen
* 1111 = ."’.'..‘.'...
109000 = vevenenes . O o
“ . . ) ‘-101110 = OQOOOIO?QO ’
‘Can wyou think of a was to éonver;xdecimal numbersvto
p . binary numbers? . o y
See Introduction to Microerrocessors?! Softuwarer - s N
‘L,i " Harduarer Prodramming by Lance A. Leventhalsy P,503-504.

»

o~
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Pracﬁiceiconvertiﬁé the following octal numbers to decimsl}

-octal numeral. .

Loue .
Learning Activity B3

Octal Numbers

]

The octal number suystem is similar to the decimal

number-system exceet the characters have only eight
rossible states.

imal . QOctal Rinary S ,

oo , '
0001

0019 g h
0011

0100

0101

0110

0111

1000

1001

1010

1011

NOAP RO
¥

P
[l =4

LT 1V O | T S [ O | O [

[
)8 )

- t
NMHEONGCUPHNRO O
e e I R
T S T Ty wn

[
[}

Converting from octal to decimal is similar to the,
rlace value sustem used in-decimall Aﬁ'

{ o
(1x8 + 3x8) |,

i,

138

B4 3 =11,

+

11 = 00006:’,0.0:65 2

36 = sirersransn

17 = srsrsrr e ) ' ’
20 T resesrerane L,
1177’-’;000;00000_'

Can uou think of 2 way to convert decimal numbers to
octal?

The following method can be used to convert from octal
to binary.

(1 5 7). = C001s111) - ' : ‘ - -
g ! 2 |

Serarate the numerals and.supply the correct binapry
number for each numeral. Note use 3 binary bits for each

»

AEramPle (2,0)8==(016,ooo>2

Convert the followinsg octal numbers to b1n3r3.
11 PO ST O POEPOEEDIYVYS . 16 "00’0000’0»0 .
17 $ PGP OO NYE S . 24 PP 200 600 % 0

117 vevianrvravaes’ 377_;000»6000»0

L3
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Aearning Activity B4 )
Hexadecimal“,. | S //—;
The Hexadecimal (Hex for short ) nﬁmberlssstem i;
similar to the Decimal nqmber system gxqept the charécters

hizave 16 rossible stéies;

lecimal ~ Hexadecimal ) Binarg
s N
0 j 0 =0 0000
1. o 0 +1 =1 2001
2 1 +41=2 0010
3 2+1=3 0011
4 3+ 1 =4 0100 .
S 4+ 1 =5 0101
é S4+1 =6 o110 |
%~ 6 +1 =7 0111 ' T
8 7 +1 =8¢ 1000
9 g+1=29 1001
10 941 =8 - 1010
11 A+1=F 1011
12 . BE+1=cC) 1100
13 C+1=n" 1101
14 r+1=E 1110 .
15 E+ 1 =F. 1111 R
16 F&l1l=10. 10000
17 10 +1 = 11 10001
Converting from Hexadecimal Lq‘nebimal is similar to -
the decimal rlace value sustem,
Examrles )
: 4 f o . * e
l;lb=‘$1 .16 + 1 x 16)(0 . o S ; - ' ' R L
_ & - ‘ % _
'§=16»f1=1710 o _ -
To imrrove wour skill in converting from Hex to |
Becinaly'converi the follouin57ﬂex_numbers to decimai.,
12 = e erres s
19 = sererves
1“ = R ’, o . ‘ i e
. ' ' N
iB T sussestn ,
1F' =.00V000,’0\i_
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Can uou think of 2 waw to convert [lecimal numbers to
Hexadecimal?

The followindg method ca2n be usedlto convért from. Hex to

Binarut - . (///P“\\

13,6: (178)'b§ (000171011)2 | ..__”' S
Jéepayaie the Hex numerals and surrly ‘the correct binarg
number for each numersal. Noté;-uéé‘;¥biﬁars‘bits; -
Examrle? 20‘63 (001070000)2
Convert the following Hex numbers to Bipary?
12 siesirssvrerensn
1B sevnvennniivines
R LR R R
2E savsersrnseniens ) -
'ZF’.....H'.....‘”..._ " ‘
"L AF ;....{.......... ' ' h L -

A6 00;000"000'0000

FF LK 2R 2K IR 2N K 2 2% X 2R 2% 2K 2N 2% 4
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Lesrning Activity E5

« ) Binaru Addition

Rules? 0 + 0 =20
W  0t1-= N
1 +1= 10;
L L 11 earry
e Examrle! 101 = 35 101 .
S ST+ 011 = 3 ) 011
' 8,5 1000, = 8,

Add the followlng and .check soyr answer bu converting
to declmal.

1011~ 1001 0001 011050111
+ 0110 4+ 1011 + 0011 + 110051001

Learning Activity Bé
Binarw Subtraclion

Rules: 0
Ty -

1

0

=~

0
1
0 S

1 with 2 Borrdw

Examrlet A = 1011 A - B 1011

™
uon

0110 - 0110
’ A 1011
B 0110 .
C =0'1 0 ] :

Check by addind y ives B+ C =

B. 0110
C +0101

A Possibly. a: better nethod would be to suess the value of

o that must be added to B to eaual A. | ‘

Thxs -ethod should be demonstrated by Lhe teacher.
; A 1011 '

- ~ B -0110
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The follouins method must be demonstrabed. 'IL igvolves
flndlns the 2‘5 comPlement of the subtrahend and adding it
to the minuend.

A=1011 A~ B = s5seosns .
B=011"0 o s
1.01 1 implies 10711
-0110.,  +1010 ‘
5®0101
'DPOF‘“-—’f—#f’
Extra Bit

How did I det the answer on the right?

Ster I : Co
Find the 1‘s comrlement of B (0110) 1001
Ster II , + 1

Add + 1 to forn the 2’s comrlement of B 1010
Ster IIl '

4 Add 2'5 complenent Qf R to A

A = 1011
tuo s compleuent of,g : = +1010
| k4 ()ozo;
Iror —
Gverflow

Perform the following subtraction by formlng the 2”

comPlelent of the subtrasction and adding.

0110 10100110 00111100 1011 A
-0011  -01101100 ~ -00011010 -1010

- - - ——— © e s g o —— —r e rve e -

~ Convert the following decimal numbers to binary and

subtract. - . ' : .
: : N g \
16 22 7 & : ‘ -
- =12 -11 - -6 . ) -

Why use this‘nethod to sub;raci?
These orerations can be 9erforgéd quite éasils by di=gital
circuits. Also computers like to do thindgs such as-

comrlementing  andg addiné“.
&



121
Learning Activity R7
- Multirlication of Rinary ﬁumhers

¢

This _can be accomrlished by repeated addltlon.

Example? 1011 oK ' 1011 T

% Q11 + 1011 °
| erio ~
+ 1011
P
| Qnother methods -( : ’ | ‘ .

shifting“a number to the 1eft is the same as
multirlwing by 2,

A 101t - L
Tox 019

Rt 4

10110 Note: A is shifted one-rlace to Lhe left
S— toc dget result. Check result by
- . : converting to decimal.

To mulirly bu 4, shift the number left ..... rloces.
This interesting concert will bé exrlored with ﬁhg computer -

e

under programming., e

’

Learning Activitu RS
Division of Binars Numbers

This can be accomplished bu repeated sub&ractlon.

Methad not shoun? o
1100 = %oioo

-

Another aethod?. ae T | i
Shifi the dividend risht one rlace for each divide by 2

LO’fiﬁd #he auotient. . '

Examrle! 1100 = (Shift risht 2 rlaces) 11

100 ) ' T

-

This is & verw interesting concert and will be exrlored in
_the programming section. ) -

L
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Learning Activitu B9
Binars Coded hecimal (BCL)

- In BCD four blts are uscd to rePresent each number :

betuween 0 and 9. ‘ T
Examele: .. Decimsl  BCD
0 0000
1 0001
2 0010 -
3 0011 L
4 0100
S 0101 ' : N -
b Q110 oy T _
. 7 0111 N
g8 1000
» ?J 1001
Numbers _betuween 9 and 99 are represented rh .the folTowinsg
‘manner. : , .
o 09 g 000091001 . g
.10 -7 000120000~ o
11 0001,0001 T
69 011051001 - -
99 1001,1001 ;f o .
Convert the folloulng dec1nal numbers to KCIN Using eight
bits, . ~
5 00000000;0»0 . - ) -
33 OB SOOI OIS
77 QG';OOQQQOQO
. Y4 ‘2,
16 covvvvevisn : T e Rl

\ -

ASCIi (auerican Standard Code for Infoﬁmatibn

Ly

Interchaﬂge) nunbers can’ easxls be converted to BCD; canw*

you see w this can be done?
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_Another example 27+ 1 *’)! LJQJ;ﬁf

Answer 3ll the above correctly ‘and you get s star,

) . 123 7 B iy
- . Learning Activity Blo g
. .

Adding Octal Numbers

Probably the best uas to add octal numbers is. to use 2
humber 11ne» é;"

" Extamples , g+ 6 =13

number line 0 1 2 3 45 & 7 10 11 12 13 14 1d 16

Examrle subtraction 5 -4 = -1

‘o
. L P
¥ -

number line -3 -2-1 0 1:2 3435 67 8 9

| . 4 ::: I - 4)!‘ ,3 . v; F w
number “line 0 1 23 4 5 6 7 10 11 12,13 14 1§A16 17 18 - ©

¥ e -
W

More rractice maQ be recuireds addwthe following octal
numbers?$

13 ;:‘tlo Z srrrres q, o « B ) ! < .

¥
w2%

16 + 06 v et e

67 + 06 = vurenns : >

A
1

-

Adding Hexadecimal Numbers % %
. . N - Ky v
The same sustem that was used to.sdd octal numbers can

= I e a* —
be asprlied.to hexadecimal numbers.,

-

4

_Examplet 8+ 6=E | ' ’ . o

¥ - % e R -
¥ o+ % :
N ¥ 6 kS

_ _ : ) peaa
number line 0 1 2 3 4 567 8?9 AB C D E F 10 11 12 13

a~

~~Use Lhe Heyadec1mal number lxne ‘to add the followxns

v 2
Al .

ﬁgxadeclmal numbers, o » S

07 ‘*‘Qa = sererees i v

-

OF + 0A = peevres '?;- [

1B ‘*‘07 S ssespene -
- R

—_—
- : E . w i
~ e - N v =
~ . = ) a

o

58
R

%
t
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C Clock Pulses and Intesrated Circuits
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lLearning Activity Ci1

Clack Fulses
- ,

Objective: To introduce the concert of clock rulsesy

Clock: Reference timind source in a suystem» turicallw
a mie;oprocessor. A clock ProQideg resulér rUlses that
triddger or ésnchronize events.

»

A clock Pulse can be described as a tr3n51t10n fro- a

1031c 0 to 3 1031c 1 and back to a los1c 0. In TTL Pos1tlge

‘lodic a loslc i‘= +5 voltss and 3 lodic 0 = 0 voltsy see

_figire 1. A lodit 1 is also called a Hi and a logic 0 a LO.

a

The conceril of a clock rulse with leading and trailing «

. edde must bethoroughly'understood and committed to memory.

= e

An 1Llustrat1on is presented in figure 1.

a i s

S

TTL Positive Logic

, 1. )
' .Leading Edge - Trailing Edge - ‘
Positiye Leading Edge Negative Trailing Edge

Logic O

- Leading Edge - : Trailing Edge TN\
Negative Leading Edge o . Positive Trailing Edge

Figure 1 cg;‘ @
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Figure 2 is an illustration showing turical clock

rulses entering and leavinsla TTL lodic circui(.vThe

imrortant characteristics of these circuits are!

t{r) - Rise timey the time it takes the Pulsé'to rise
from 10 rercent Lo 90 rercent of il’s maximum value,

t(f) - Fall time, the-time it takes the pulse to fall
from 90 rercent to 10 percent of it’s maximum valde. \\\

Proradation Delau! The t1me delay betueen input
transxtlon and output transition,

-t(ehl) - Propasgation delau occuring while the output
'changes from high to lows-usuallw measured at the 50 _
rercent level., .

t{rlh) - Proragation delay occurindg uﬁen the autput
chandes from low to hxshv'usualls measured at the 30

: Percent leveI.

P
! P

P

t(w) - Pulse widihs usually measured betueen Che 90

~Percent levels of the Pulse.‘ h B

Y . . - - e

LEADING EDGE - 5 ) L
: TRATLING EDGE. - «

BINARY ] —— go8 Yo - g 5

“BINARY 1

oureur

-.L-..-T--- -

e '
BINARY D
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' Learning Activity C2
ﬁPPliCBtign of Llock Fulses .

Objectives! To show the relstionshir betuween clock PUlSéS’-

control signalsy datéﬁLits and address bus

R ‘ leve;s.

- ]

Figure 3 shows the relationship (ti@e) betuween clock
Fpulse 1 (f1)y c}ock‘Pu15942 (32), Réad/urite (R/4) lines |
. Address Bus levels Valid Memory Address (VUMA) line and Data ~
from the micrqp;ocessor. .

This illustra@ion indicates that when the R/U line ;g"-
lows VUMA line is high and the #2 clock =oes throush a3
ébsitive to negative transition:.nata will be transferre&
from the_ﬂicroprocesSOr to a3 srecific location in mgnor3. f
This location is determined bu the sddress bus. -

For further information see R6500 Hardware Manuel

© pades 1-15, 1-16y 'ancr:s—ta.l

- Clock ¢L——~// , - ‘\L -
e U - '
Clock @2 ,U// : \

R/W RN

f%ddr;séf X . < jk(.

-
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Figure 4y as in fidure 3» shows the relationshir ;Line)
.betueen clock pulse 1 (F1) clqu‘Pﬁlse 2 (ﬂZSy Read/Write
. (R/y) liney Qddress-ﬁus leyely Valid memdré Address (VMA)
line and Data on the Beta Bus. .
When the R/W line is hishs the UMA line is hish and #2 B
\ soes4throusﬁ 3 rositive to neéative transition Data will bé‘
™~ “t;ansferred from memors to the microprocessor. The svecific

. locatioﬁ in memory is determined'bs the Address bus.

Note! In both figure 3 and. 4 the transitions takg rlace
4

on th;\tiailips edge of the #2 clock rulse,

A
Clock #1

Clock @2

_/
X

b - Addgess
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Learnindg Activity C3

v

Fabrication of an intedrated circuit

Integsrated circuits are constructed by seleclively
etchind and diffusion of @ silicon wafer. The method used
ta accomplish the selective etchind is caslled
rhotolithograrhy, "Photolithodgrarhuy is the srocess by which
2. microscoric pattern is transferred from 3 rholomask to =
material laver in an actusl cipcuit.”

The following illustration shows the rrocess of-
rhotolithograrhy.

Silicon wefer -with oxide coating oﬁ tor

silicon Ode [7777 77777 77 7777

-

SILICON WAFER

p

Photo resist aprlied to tor of the silicon oxide

Photo Resist
Silicon Oxide

T
SILICON WAFER
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Photo mask rlaced on. tor of resist and the wafer
is exrosed to ultra v1olet l13ht.

uuuuumu

Fhoto Mask
Photo Resist
Silicon Oxide

/7 A
Resist i FD' -
"ﬁardened" '

Wafer &laced in develorer solution!: Window orened

Photo Resist —>[ \1:{31?1;  ’
Silicon Ox 1de-—)r{i/c/;/:/;/,/)7}/> /(;(

SILICON WAFER

p

Wafer immercsed in hudrofloric scids sxlxcon oyxde
etched suay., S

Phato Resist - _
Silicon Oxide—=(/ /2 / /7 /1 =

)NNNAARY
YOI

. " SILICON WAFER




- 131

Gaseous daffus1on by N materlal to form an NP
Junct1on.

Photo resist —> lll ~ o
:8ilicon oxide—[, ) .

+ + ~mNztt 4 4 +
I R R S R N
P +  BILIEON WirER+ + +.
- P B

In & similar manner. other Junctions are fofmed in the .
silicon wafer, Finally metal contacls are asttached to the

Junction mzterial. These contacts then become the
transistor leads. '
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- l.earning Actiyitg C4

Develorment of intesgrated circuits:

Obdective! To trace the develorment and fabrication of
integrated circuits;/

. Read the followindg articles from Scientific Americans
Sertember 1977y theme issue on Microelectronics,

Article 1 :
Mlcroelectronlcs’ bu Robert N. Nouc97’9399 62,

Article 2- ‘
Microelectronic Circuit Elementss by James D.
Meindly rage 790.

Artlcle 3 ‘
The Fabrication of Microelectronic ercuxts: by
ullllam G. Oldhamy PBSQ 110.

L

Additional articles on computers are contained in TIMEy
February 20y 1978, This Journal -contains a SPEClal section

on the Compu ter Soczetg. : )

L

C,



Obdective! To.oomeare semiconductor technologies.

?

% . : . SN
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Learning Activity CS

i Characteristics{of Intedrated Circuits

TTL logic will be used as the'standard_for compParing

~other technologies.’ :

~

Characteristics of TTL lodic are!
NAND date losgic

High level Z out varies from 10 to 70 ohms

Low level Z out = R(sat)

Power surrly is turically +5 volts
Pouer dissiration rer date is from 12'Lo 22 milliﬁat

Proradation delaw varies from 12 to 22 nanosecondsy
derending uron circuity

Vers dood noise immunitu
Maximum fan~ocut = 10

The followins.semicbnductor.tebhholosies will be

ts

compared to TTL lodic. TTL is used for comrarison purroses
hecause most digital circuits emrlou TfL logic, <

- PMOS (P-channel MOS). A relatively denser cheaps but

sloy technolody,

_ ' NMOS (N-channel MOS), A denses chearr nediuu—SPéed
tectinolodgy., ’

-

cMOS (CbmplementarQ ﬂ0S), A lou—éouefy,hish noise

~immunjts technolodu.

Schottke TTL. A high sreeds high powers fullu

comratable technolodw that is not as dense as MOS.

Lou-Pnuer‘Schdttks TTL. A iou.Péueh'version of the

Schottky TTL.

ECL (emitter-eourled lodic)s An ultra hish sreeds high -

rower technolosu, ‘

1IL+"A new technolosgs that has many of the best

characteristics of the other technologies. Theoretical
rredictions imply that IIL could eventualluy be denser and
- chearer than NMOS, faster than TTL, a3nd a3s low in power

con

>

sunption and as high in noise immunitu as CHOS.

-

-
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Characteristics used for comearison rurroses ared .

1 Sreed’ The delay of a3 lodic da3te is 3 measure of it’'s
switching times short delaws mean hidgh su1tch1n5 sreed.,

2 bensitu Tsp1cal dale size is a3 measure of the
technolody densitu. Veruy dense technologg can produce
sindgle-chir microrrocessors. -

3 Cost! A measure of cost is the tupical cost per sate.

. 4 Power consumrtion? ﬁ measure of rower consulptxon is
the rpower dissirated in a date.

No1se Immunitu? A measure of noise immunity is the
varzatlons rermitted in voltage levels before 3. loszc
transition accurs.

-b Rusgedness: Ruddedness. refers to the abilits to
withstand extreme conditions or variations in such factors
85 temperalures pressurey humidityy shocky toraues
yibrations chemical conditidns (such as acidity and s3it
build UP), and nuclear radzatlon. .

7 TTL Compatab111ts. TTL compatabilitu is 1mPortan£

because most electraonic sustems 3re Dbuilt uzth standard TTL
01rcu1ts.

8 Maturitu! Use of 3 mature technolosgu makes sustem
imrlementation simpler and avoids manu of the difficulties
thaf are aluays assoczated with state*of the-art
technolods.

> The technoldéies favoured by the variqqs charcteristiCS"'

ares

1 Speed. ECL and Schottks TTL technolass is the
fastest.

2 Densitu? PMOS and NMOS have the hzshest densxts and

- eroduce sindle ch1P microprocessors.,

B

" 3 Cost? PMOS and NMOS are currently the chearest rer

gate. > ; .
4 Noise Inmunits: Cﬁoﬁﬁtechnolbsé_has the hiShesi noise

impunity, CMOSs howevers mau be damaded by larde current

variations or. static chandes, IIL has éOnsiﬁerable

Potentxal here,. = N

S Pouer consumptlon. CHOS Lechnologg-consules the least'

.- powersy ECL and Schottky TTL the most. IIL could challenze
.CMOS ih this area. . ‘ :

6 Ruggedness. CHOS technoloss is Lhe most rudsed.,



- N
[ -

135

7 TTL Comeatahilitu! Schottky TTL techmologs are -
comrletely TTL compatable. Some of the newer NMOS and ‘CMOS

~rocessars are also TTL compatahle.

8 Maturitu! NMOS is the most comuon technolods used
with microprocessorg and CMOS and TTL are the mosl common:
technolody used with didital circuits.

~ The sbove information is from Arrendix 4 Introduction
to Microrrocessors: Softuwares Harduarer -Prodramming. For

further informstion see the abave and Charter 2 in Didital
Programmlng. c

ﬁ o
Which semiconductor technologws would usou select to
interface the data and address lines of 3 02

microrrocessor to an exuternal device: tha uses TTL lodic?
Justlfs Sour decxslon. ) :
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Lesrning Activity. D1 -

Construction of 3 Logic Tester

. OBJECLive: To constpuc& 8 losic tester. =

.

“The learnlns activity will outline 3 melhod that canﬁqh‘
arrlied to construct a2 logic TTL lodgic tester. -
The lodic tester will have 7 1nd1v1du§1 circuits,

- - &

N

1, Power surply = = -

2., 8 bounceless switches

3. 8 LED test monitors

4, Ope 'Hz oscillator (- 2

3+ One hundred KHz oscillator _

6., 2 seven sedgment rezdouts »
. 7+ Srpeaker with 8 TTL driver

:“ﬁount'the followins haéguare'as rer fidure 1. =

8 SPDT ‘switchers - ST
8 Tir .izcks next to the su1tches

8 LElsg .

8.-Tir Jacks neyt to the LEDS<“'

2 Seven sedmén't readouts : . AL _
14 Tir Jacks around. the 7 ses-ent readouts -
1 Jack for the 1 Hz outrut

1 Jack for thes¥00 KHz outrputl
1 2 172 1nch saeaker -

- -

- - bl

Prlnted cmrcuxt boards will “be reau;red for each of the
~ following circuits. These circuits could be combined to
form 1 larsge: Pr1nted circuit board or several snaller

‘boards.,
1. Power Surply

Schematic;diééra- ?

~

nob
)
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1253 LM 309K SV voltase regulatlor
L Power cord
SPST Off-ON switch

Printed Circuit Board lawout. -

\\ NSNS NNV \N\SN\\W

) | - ) o \
: 7; i “:IIII ’ K> 3 N

\ [4 A

‘ : - ‘/ ‘ "‘ ,‘
S§§§ OONSNSNNANN] ' "

Birections:

2.

- .
Parts? : ?k
T e ‘ : '
T1 120 - 6/12 valtl transformer
n1-D4 1Ay 100V silicon diodes
c1 . 3000 microfarad 25 voll caracitor
o c2 10 microfarad 25 volt caracitor

'“;“"' o \'\\\ '
| - . Coppsﬂ

&, N A

‘

SROuUND

Consbruct printed circuit (PC) boardv see Learnzns
act1V1t9 02

Mount the transforner
Wire ur bridde fectifiers
Wire ur C1 and C2
Install 011 LM- 309K

Instiall Pouer ‘cord and OFF-ON suitch

-

.“-\

Bounceless switches S

Schelatic diasral

[RINSE « U

i
e
&
Ty, -
E
! e ..
&
e .
K4 L
e i
2% ¢
*rk
<
P
=
o
~
IS
= =
“
;

o W

Ty
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Parts? '
st spST; , ‘
R1 4700 ohms 1/2 watls
R2 4700 ohms 1/2 watts

ICt 7400 " intedrated circuit ’

f

Lavou'ts sinilar lasout for'&he Bxﬁgr

artzai PC boar

sultches.' . ’ ,
\\\\ \\\\\\\\ NN NNESSANN AUONNUONNNONANN NN
{- AVRE R
Lmm et N T T
1333:1 2 e
ESSEES ., i
\ \ NN .\ : i . '
\ qg e N | /
N R s L
TN \;‘Y‘U , NS
o - 'T_SE 1 8 E’\_‘\“’\"Ti‘"\ ‘
GROHND A - KCOPP€R
AN \\\\\\\ \\\\\\ SN \\\\x\\\\\\\\\ NN
B:rectxons. ) ' - . "

Construct the PC boardv ‘for directzons see D2 RS
Connect R1 from sin-1:.to +5 ° ‘
‘Connect R2 from pin 5 ito +5,' >
Wire S1 to rin 1 and rin J» see diadramn
. Wire ur. the other side ‘of IC1 in 2 similar  manner ‘see
- PC bpard layout and schenatxc diadran

3. LED test -ohitors

Schematic diagram,

Icm i . R
‘partss . . o o L
. 15 7404 .
Bt .LED (Lisht Emittins Diode) max 115 4
Rl 2ooloms 1/2 ustts : I

<



t

Partial Pt board lasout

\\'\\\\\\&\\\\\\\\\\\\\\\\ \\\K\\\x

R +5
' o ‘4f:33:§]l '~T:+é:::£]
B RSN S R SN

CRSST TC{
E::SI] %gggggkl‘ g FF:S:]-
(;RoaND_ RN I T
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
T Dlrectons .

Construct PC boardv see D2

Connect LED between pin 2 and the Junctzon 1
Connect R1 from Junctzon 1te45 .
Pin 1-is the inrutl- ' o

Install .comrponents in a 513113r uanner for thefﬁest off'*
) the 1nverters in the 7404, - . . - .

" 4 and 5 OSCéllators

Schemat:c diadram: for the 1 Hz oscxllator

......

o e

LaAN~— - "Ter |

R RI s
Farts: . _ G :
IC1 . 7404 oS
€1 . 1500 microfarad caracitlo

< - Rt 150 ohn reszstor, -

®
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. Schematic Diagram for 100 KHz-oscillatorh

‘ y 11 | ‘
ey -
' chz' 'gD,:? -5[> 6 __out
o Laaad s Te2 : o
= P F?Z.' ‘ . o
' Parts} ST
IC2 - - 7404
c2 022 m:crofarad cspacitor

R2 150 ohn\resxstqr

PC board lasout : S
§§§C§‘\1('\‘\§<‘\‘\‘\\\\x‘\\g\\C\D\‘\\Ci N\ VAN N

— KN iz
: T N L
N oY

| m? 81:\:@' /bb kH% oL&
é;‘ZC>L(hN9 ' | L---=d ‘ ‘(C:c>l°/°£?f'
\\\\\\\\\\\\\\\\X\\x\\\\\\\\\\\

» Directions (/ o , . _

&~ : r ' . . " ?
Construct PC boardv see D2 for instructions X

. Connect C1 betueen ?in 1 and rin 4

, Connect R1 betueen #ip 1 and Pin 2

Connect C2 betueen:rin 13 and rin 10

Connect R2 between pin 13 and rin 12

e.




1,2 - B

4 Seven sedment readouts

See Heulett—PacKard optoglectronics~desiSners
cataloduey 1979y rade 41 for gdditionsl information,

- The seven sedment disel 9 should be mounted at_ the
tor centre of the logic testérs see figure 1.

Pictorial lauout for Ahe 7 sedment readout"

@ _ire {4 ANODE .

o
e Ic —
S G | - W W

s

In order to have the 7 sesment dlSPlBB 1nd1cate decxlal
values from BCD code a 7447 BCD: to seven sedment decoder
driver must be 1nterfaced with - the 7 sedment readout.

' Interconnectlon d1agram between 7 segment display and
7447 . decoder drlver.

7 SFeMENT

74f7

7 SPeaKer_

Schenatic niaSran

7‘TL
i N
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Parts? ,
ICt . 7407 -
SPK . 2 1/2 ineh low iuwedance sreaker

PC board lavout ./
\\\\\\\\\\\\\\\\\\\\ \\;\x\
+5

N =

| R GRoaND ,
\\\\\\\\\\\\\\\ \\\\\\\ \\\

Bzrectxons. L

Construct 'PC boards see D2 :
Connect sreaker betueen 5 “and P1n 2
TTL ineut to P1n 1
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Learning Activity N2

How to make a3 pripted circuit board

ObJective! To cpnstruct 8 rrinted circcuit board.

Most prlnted cxrcuzts consist of etched correr foil

‘ uzrlns patterns bonded ‘to anus of several Insulating bases,
The Best bases are made of glass—epoxy baards glass
. polyester is nexts and rhenolic is the cheapest‘
. ¢ . - | . .

"The bases are lamenated with i-ounce ‘and 2-ounce correr
foil on one or both sides. To form 2 Prlnted circuit the
coprer fo11 must be etched. .

1 -
Sters in constructing a printed circuil board.
. i
1. Master Artwork.

. B . - . . .
8) After deciding on uour basic circuit desidns

lavout your comronents on 3 grid so yYou can determ1ne the
interconnecting lines etc.

b) Select 2 1/10 1nch SPld rattern,
E _ Place 2 riece of clear acetate over the grld
¢ : S Pattern. ,
ot L oe) U51ns B15h0? graphxcs Pressure sen51tlve
L -, electronic component drafling aids laug oui your circuit on
,_the acetate averlau.

i First locate 211 wour terminsls and IC patterns,
e - Then Join uvour termxnals andg Patterns usxng
Bishor sraph1es LaPes. . ;

B:shop sraphics Patterns are supplied in 1% 2Xs
and 4X actuel size. It mauy be to uour advantade Lo use  Lhe
2X or 4X scale and rhotosrarhically reduce usour, artwork.

. ' 2, Produc1ns the Nesat1ve.

Have a. Photosra?her Photosraph wour artwork and -
supply you with the nedative, If wour artwork was 2X the.
photodrarher will have to reduce the picture- size by 1/2 to -
91ve you the correct nesatxve.

T ;s.]séxem 2 erinted circuit board.

- The ‘size of the erinted circuit board will be
deterained by the size of the. negatxve.



_,Jv}'.-145 . o e
4. Clean the correr side of the board,
Clean the cofrer on the board with corrertone or
similar correr cleaner. When the board is clezsns running
water will bead and run off the board in 2 manner similar
to uater on 3 newlt palished car,

3. Dré'tﬁe éurface.

. Either blew dry the surface ar gdry 1n an warm qven
{150 dQSPees F) for ten m1nutes.

IMPORTANT ! The folloulng sters must be done using a safe
lightr for eampley 3 Bellow bud 11sht.
4, ApPly the }hoto=resist.
Use Kodak KPR~§ Photo resist.

Two -ethods that can be used to .aprly the rhoto
resist are! S

N

' 3) Use 3 small brush and arply 2 thln even cost. of

_KPR 4 on the copper side of the board.

b) ArFrly a fine spras of- rhoto resxst on the ‘cosrer
using an air brush, When serasindg keer the air brush sboutl
8~10 inches from he board. Arply light even stirokes :
starting at the urrer left hand corner and finishing at he
extreme orrosite corner., Be sure to oversrray on each edde,
As soon as the board is completed l1ay xt flats face ur for

a courle of nxnutes.f' . .

Be sure Lo clean ue uxth l1aquer thlnner after using

the air brush.

9
» It is impPortant Lhat ‘the coatxns is even. and will drs
without runs. If the coating is uneven remove il u1th

'thlnners and start over.

7. Dry the_éholo‘resibt. o T o | o : 3'
7Three uethodslare Possibled . ‘ L
A A -
g a) Place the sen51t1zed board in an. oven set at 115 S
desrees F for 20 minutes., i :

l b) Let the board drs overnzsnt at roon tenperature. | Lol

)

' c) Force drs the board uxth a3 heat gun or spxn drs.
) REﬁEHBER: Still undgr the safe lishtfa- j f' o

=
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é. EyposinS‘tﬁe sensitzed board,

Place the board in s cqntact framey sen51t1ged
surface ur. ‘
- Place the nedgatives with the rattern showing the way

1t will finally arrears on tor of the correr and close the
glass frame tor. ) )

EYPOSQ the board to ultra viacletl llght for 4 to ﬁ
mxnutes.

/ Posxtxon the ultrs 91olet llsht 6-10 inches auway from
bhe contact~Pr1nter.

;>9. Develor the sens1t1&ed board.

o Put 1/2 inch .of hoda KRP develorer in an aluminum
trauy Place the board in the develorer for 1 minutes
slidhtly aditating the tray during this time. This ster -
will remove the rhoto resist that was not hardened by
exrosure to the ultra violet lights because of blockzdge by
the nedgative, : \ - T

“‘NﬁéMALiLIGHT NOW OK

10, Harden the resist.

Remove the board. from the developer. Stanhd TheAbOBQd
in a nearlw vertical 9osxt1on, a8llow ‘the resist to harden
for 3 to § mlnutes. . T . C '

.Rince the board under gentlg runn1n3 water.
Drs the board.

« .
4

Errors in - ‘the printed circuit can be corrected by
F3inting, Lthe faultlu: sectzon w1th a fibre L1PPed raﬁast FeN,

11,  Etch the boardha ’ . g

- Imnerse the board in a tras cuntaxn1n3 llGUId ferrlc
clorxdeﬂ Be careful handling ferric clorlde;-&eep it in a
‘ slass or Plastxc conta1ner. A R
. ’ - ;’
A Sl1shtls agitate the tras uhxle the board is be1ng
eteched by the ferric clor:de. This process mayw tLake from
20 minutes'to 2 hours. , oo “ : o

Several nethods are available to speed qp the
Process.,

" 2) Heat the solution to 140 degress F;

b) Seray the ferric cloride on the board.

..
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“For further 1nformat10n see ' o

lh6A

¢ \Pumr bubbles into the solutlon; thls 1nc$ease the
as1tat10n o{ Lhe solutlon and sreeds ur etthing,

Remove Lhe board from Lhe resicl when the etching is

. ‘complete. Remaxqzng on the board is the rrinted circuil sou

desisned.

\ -

12, Clean the Board.

Use laauer thinner and a8 soft cloth to remove the

‘resxst remaining on the board. Folish the correr Pr1nted

czrcu1t with. copper cleaner 2nd fine steel wool.\

Experlence 15 the best teachers if at first uou don’t
succeed.truy again. You too can make professional looking
circuit boards. ' 2

v

Printed Circuit Handbook by GC. Electronxcs
. Printed Circyit Handbook buw Jzna ) Lo e E
Printed Tircuit Handbook bs Clude F. Cocmbs Fublished by
ﬂcGrau -Hill.Book Co. o
Printed Circuit Boards for Nzcroelectronlcs bu JeA.
Scarletts published by Vanm Nostrand Reinhold.
73 Madgazines November 78y ». 240 . Lo '
June 77y r. 178s ‘ -
March 77y &, 136 ' EE '
Arril 77 P. S8
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\ . o ~° E Lodic Gates
. The rurpose of this séction is to learn hoW the basic
dates orerate. The method used will be to observe and

: verify the TTL logic dates under actual orerating -
S conditions’. * ‘ iy
: o . ) ) 4 . . @

El1 AND Gate )

E2 ' OR Gate ’

: 'E3 -NAND Gate :
| E4 NOR Gate 3 . o

ES Buffer- _ \
; Eé Inverter
! 2
1 - £E7 Exclusive-O0R .

L ' ES Exclusive-NOR o

EY Tri-State Buffer

TS
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Le;rning'Activitu £l
AND Gate

@ Fio

ObJective? To verxfs the OPeratlon of an AND Gate,

L3

Select & 7408 Intesrated ‘circuit. g '
LooK u¥ Pin connections'in Fa1rch11d TTL nata Book.

Wire the 7408 on the Logic Board. .

+ 5 on Pin {4 .

round on Pin 7. e
3;913 Logic & to Pin 2 o
APrly Lodic B to Pin 1

Connect LED Monitor to Fin. 3

Comrplete the following Truth Table for the 7%08 

Hi = 1 aAlpla
LD = p o~ T .
' : . 010
- 1 0 1)
01
1}1-

Draw the sumbol far the AND Gate.

Cdncluéion:\?he output qum.a TTL AND Géteéis high only . |

uhen oo090000000000000000'0000‘

Select ‘3 3 inreut AND Gate and record it's Truth Table.
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Learning Activity E2

Ok Gste

Select a8 7432 intedrated circuit.

Look up Pxn connections in the*Falreh1ld TTL Dz

Wire the 7432 on the Logzc Board.
+ 5 on Pin-14 '
- Ground an Pin 7 -
Connect Lodgic A to .Fin 1
- Connect Lodic B.to Pin .2
- Connect LEn Mpnitor Lo Pin ¥

- pt

N
bl

Hi
Lo

I i

1
0

Ly
ol
©

.
v
(=]

L]

)
- <
ey

> - e
ot YT At had

Draw the sumbol for the OR-batg.

Y

- e .
" S :

oy

“Conclusion? The outrut from a TTL OR Gate is hish when

B EPERPEIEEPIIEIOIOESSES

Test the other 3 OR Gates in the 7432,

ObJective! To verify the oreration of”3En ORfGate‘

Complete the following Truth Table for the 7432

Lo

%

o

B,

T

\xn“
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- Learning act1v1ts 3 o
N é%@ NAND' Gate ’ LT i l“u
% - Obdectlve. To ver1fu the operatxon of a NANB Gate. -
. Select 2 7400 intedgrated c1rcurt., *
R Look ur rin connectxons .in the*Falrch11d TTL Data Hook »
o 1* Wire the 7400 on the Losic Boands 2
.+ 5 on Pin 14 RV T
Ground on Pip Z T U : -
o " Connect Logic A Lo Pin 1, = - -
.; Connect Lodic R to Pin ” - R
COnnect LED, Monitor to an 3 j.j e
. Complehe the follduwins Truth Table for the 7400
Mi . i . i - 2 ’H
B ’J.A,;.« Hi = 1 o . i ’A B -‘Q =
e ‘ZLO = o,i‘.;" ) S
! - L . g ) 010

= e 1|0 -
PR Ae - , -
’:f‘ 27 - : ' o‘ 1 =
. : . M Fx . 7 i

_'- Bl 4 ! 1’ I “

:‘- i v

. e . LT ]
Draw' the sumbol for the NAND Gates
. 7 = ' % .

3. “;‘5( - 2 )

¢ A =, .:_'
; Conclusion?! The outrut from a TTL NAND Gate is high when
__,: ;'{900000100‘10’000009000'0‘“’0 .
: Test:the other 3 NAND Gates. L 5
: i3 - _." L s . ‘ .
k : st X th :
$
[N .. N - V

K

S
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) 000.0.0&00090.0.’00'00

;Select 3 3 xnput NOR Gate and record 1t's Truth Table.
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-

‘Learnlns Activ1tu E4
Yo L NOR Gate ; S T
UbJéctive. To' ver1f3 “the oreration of 3 NOR Gate. ", ; ’ -

Select g 7402 1nte$rated circu1t.

Look up Pin connections in the Falrchlld TTL Ilata Eook.

Uire the 7402 on the L031c Board ’ T . R h

+ 5 on Pin 14 : :

Ground on Pin 7 e , ] -

Connect Lodic A to Pin 2 e B X {

-Connect Lodgic ‘B to Pin 3 : .

Connect AED Mon1tdr to P1n 1 ,
Y% ’ EREE 3

Complete the followlns Truth Table‘fbr tq;‘“7402 . o

Hi
~Lo’

AR

IOH‘

‘Draw the sumbol for the NOR Gate. . -
. ) . } ’ - : . : ' ’ | ) ) o “ . ;‘

The 6utput trom-a TTL NOR Gate is high when

Conélusion} d ‘ . ook S

L
- . N
- Y
&
. <! . Y
- FEN <
. - . -
- . .
~ o™ e,
- . .
- -
- B
* e . :
. : - v .’ -
.
W o
A L
e, ES
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. . : Learning Activity ES
. + ~ 4
- - » . . . . ¢ a < N
. . « . . ) -~ BRUFFER. X U e
t v @ i . a ' e *
-« B s ot :

ObﬁectiVetuTqvveﬁifsfthe oreration of a BUFFER/Driver. S
L . . ; . ‘3‘ ," "“
L 7 ' Select 3 7407 1nte3rated ClPCUlbo' g i

o Look up P1n connectlons in the Fairchild TTL Data Book.

- . ‘,«

. : ere ur the 7407 on the Lodic Boardk-{.
‘ L “ + 5 on Pin 1 > g S o
AN - Ground on Pin 7 ’ : . - .
- Logic switch A on Pin 1 o .
© LED Monitor on Fin 2 . R
L ' . Since this Buffer-has oren c tor A “pullTupy . o, .
: ‘ : . resistor must be installed betWeen Fin 2 and VUCC» use ’
I . A . ) i 1K 1/+ ua"t) . : oy L . ’ »z\"l( . ~ N . ‘
s v 'Conplete the followlns Truth’ TS@le for the ﬂ&gz: S
i , N : ¥ o . v
‘ }’ . b Hi -‘E 1 . ] , _: .: : ;'9}»;. . A ,'a ) ) . ". ; .
! LT . Lo =0 S C i — = " ST S
~.> ; | . 0 L
i J . iy ! llﬁ'\ ° T
: 14 ‘
L “ °
. Drau the sumbol for a BUFFER. -~ . .° i
% . . L. . . LT . ‘ : D L% - . \
g -V g ' Ly A L Lo
¢ ' . e _ - .
! ' - ¢ v o N 3 E i
! . A « ‘ < ' xrh.r et
4 | : ¢ h i B PR
! ) A - N e o
! a— e 3 . H - 0
e e i - & . . R e S C . :
oo . ~ 1 Give at leasi one.rurrgse: 3 buffer can servié. = g
i . . o . Te . . ' - e IS ’ * .
A% ~- » ':“ .. ) ,. ) ) '~ - . * ) '!v 5 . -t -
* :‘ ¥ . ‘ ) ' Jv: ,ak«
E : ) . . .. b3 'l'i ~ i e o ‘
. 2 P - Lo - o .
\ ' | . ° Voo Az
N . ! & - - . S N
< . LR X > - - . - X R )‘ .
v : B - . ° . e o A ‘
. > ‘,,“ -— ‘ K » - . -
- . v <
‘( ) ) . . ¥ ) 4 - “ ) e -; A ”
B . " - Py o ?‘*
e

. - 'Sf’ég" g
h e 1 & o .
N 3 1 N . > i ’ ‘ "
. . i Aand
) Pl -~ .- N . o )
) 4 » B - Bl
“' - - 4
. 4 ’ - I 4 5 .

e g g e e vt .
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Learning Activity Eé

INVERTER

ObJective: To verify the oreration of an INVERTER.

‘Select 3 7404 intesrated circuit. s
2Look up Pxn connections in the. Fairchild TTL Data Book.

Mire ur the 7404 on the Logic Board. -
+ 5 on -Pibh 14 e

Ground on Pin 7 ) ' I '
Logic switch A on Pin 1

LED Monltor an P:n 2 (Q)

Complete the followlns Truth Table for Lhe 7404.

g

) =1 g . 1+a]a
Lo = p ’ .
v : . 0 .
1 : ‘11
: . T me T . o
Draw the sumbol for an INVERTER.
- v . R . " ._'c:
,‘/’A‘
Give al 1€a%t two uses an inverter can serve. ' L
» 3 g
. - B
“~ , .
- . -~ A’:
: .
ST :
7

<
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Learning Aclivity E7

Exclusive-0R

Ed

-

Obdective:.To verify the oreration of an Exclusive-OR Gate..

Select 3 7486 intedgrated c1rcu1t. -
Look ur Fin connectlons in the Fa1rch1ld TTL nata Book.

ulra.up the 7486 on the Logic Board.

‘+ S5=on Pin 14

Gggund on Fin 7 . L

Logic A on Pin 1 - - ‘ .
.'Logic B on Pin 2 = SRR

LED Monitor on Fin.3 (Q)

Comrlete the following Truth Tsble for the 7486.

13

N - talslel

C “VHi =1
: Lo = 0 . } g | y ~
'q;.‘“_ 0] 1 :
X t{o| | o

' é;nc;usiont_ﬁhen A and:B 3bé Lou: B is seenvrnans
- . _’Uhen A and B are Rxsh; ‘a 15 sessvsree
lﬂhgn.eithgv.ﬁ or Bs but not boths is hxsh; @is
}u.;..;;.. ' -
The outrut of, anfExclusiVéQGR‘Gate is onls hish

L uheq Cither ceesesosss OF sevvsssrss iS5 higho

- e
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Learning Activity E8

._Exc;&éive—NQR

ObJective: To verifuy the oreration of an Exclusive-NQR Gate

Select 3 742466 intedgrated circuit. :
LooK uf Pin connectlions in the Faxrch1ld TTL bats Book.
(Note! QOpen Collector) ' . )

Wire up the 74266 on the L031c Board,

+ 35 on Pin 14 - -

Ground on Pin 7 -

-Logic A on Pin 1

Logic B on Pin-2 o

LED Monitor on Pin 3 (@) L v

)

1K 1/4 watt PuLlupr6818tor between Fip 3 and vce
Sreauired for oren collector)

*°  Complete the followzns Truth Table for the 74266.A

CHi =1 o alB(Q
lo = 0 . : ) ‘ ‘.‘t
ha o ol o
‘ S 0|1 ;
;{;i# S 1]o
. ) s T
Q' Draw the ssnbol for the TTL E» clusxve~NOR Gate‘vl

L

Conclusion? The output from an Erclusxve—NOR Gate is lou
R . L Y - R
DﬂlB when either obo}ofbovo or o....opo.v_is

n hi3h but-......,».qtuhen both.are hiSh:;

v L
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Learning Activity E9

TrijSLate Buffer

iﬁObJecl;ve{ To verifuy the pPeraiion of a3 Tri-State EBuffer,

Tri~State Buffers are normslle used where more than 1
data bus line feeds- the same soint. The ocutsul from Lhe
active bus can be hidgh or low while the outrut from the
non~active bus will be in a2 high inredance state and
have na effect on the other data hus outruts.

Select 2 741”6 1n1e5rated clrcu1t.

Wire up the 741"6 on the L031C~Board.
+ 5 on rin 14

" Ground on pin 7 X ‘ v

Logic A on pin 2
Lodgic R on Pin 1 (E)
Heulett Packard logic Frobe to monlton,P1n 3 (Q) —

In order for the Tr1—State Buffer to cutrut data E must

_ be hidgh,

Complete the following Truth Table for. the 74126

Hi = 1 S Elala
Lo =0 ‘ —t*
X = does not matter 149 0
| | 1.l 1

o] X

iYou should cbserve that the’ buffer cannot Process data
when E is Lo. The buffer ig in the hxsh 1mPedance

state,

‘,This following cxrcult allows several buﬁfers to be _
connected to 3 fPoint but onlu the buffer with E enabled-.

controls the line. Wire ur the circuit and test the

ol 2

~ 'Look up Fin connectxons in the Faxrchlld TTL Data Rook ..

ey T
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| F BGOLEANA_LGEBRA_

Suppose sou are diven the eauatzon Xt2=Xy uou udhld
probablutsay “That. eauation is false.” Houwevers if gou

limit the value’ of X to -only 0 and 1 then the eauation is

valid,.
‘,J - : N . N
Georde Boole (1815*1864), an Endlish nathenaticano
develored 2 sustem of logic based on these two binary
numbersy where 1 is true and 0 is false. There are tuwo
orerations in this sustem + or %» theu rerresent the
lodical orerations OR and AND, s . :

' Digital logic uses only, two digits 1 and 0. -
Mathematicans and circuit desisgners uwere auick to adort
Boole’s orerations and lauws. The subdect is now Known as -
Roolean Aldebra and provides a method to mathenatlcallu
represent didgital logic circuits: _

Fundamental Boolean Identities

-1 true
O false ‘ o
i A and § are varzables: that is thes nay rerresent
' ¥ or 0. ’
" A means not A7 X means AND + means OR-
Identities  Comments
1AXA=A  AAMBA=A 1%1=1
2A+ A=A AORA=A  1+1=1
3AxF=0. 1x0=0
S5A+1=1  1+1=1  o04+1=1
6pxi=a. 1_-*11.1‘-._-'1"“_!. 0%1=0

-

"Conautatxve La&é.'Sané as 1n aISebra excert +

. means add and X mEans -ultzpls.
'A+B B+A
A ¥ B=8B x A

Associatxve Laus. Same a3s. in alﬁebra except +
‘means add and X means lultipls. :

Ax(BXC) .

(AXBYXC

(A+B)+C

7

A+ (B+C)

L



Distributive Laws$ | |

s

AX(B+C)=AXB+AXC Same as aldebra

A+EXC=C(A+B)X(A+C) Unicue to Boolean -

algebra

Froof is suéplied below using logic circuils and

truth tables. Comrare Lhe resultls gflthe truth

tables., .

P

A ) ' . ) ; - - ) .
, j > A+{BxC)

' Figuré 1.

1‘ )

B A+B

'ﬁa_”*\g;,(A+B)%(A+c)

C — )—a+B - -

e,
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Truth table for fisure 1

Truth tablé for fisure 2.

{A+BIX(ALC

alelc |ate | atc

,’5‘0 =

0

0

1

alB!lc Iesc |a+Bac

—

n
] y .
- ’,
i .,
2 S
j
, ‘o
i
A\
]
4
!
! Ta
/ .
{ 1
a
o
-
T
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The following exercises are intended to dive uwou the
necessars skills in aprluing Boolean Algebra and Lo provide
for Lhe student an .introduction to using Boolean Algebra to
simplify circuit desisn.

Refrenee text! Practice Problems in Number Suste-s;-
Loslc and Boolean Aldgebra by Bukstein.

£

Prohlem Number

31, Theoremss assignment appluing Boolgin Nheorens or
identities. . ‘ : :

32, Removing commdn factorss factorxns ysing Boolean
theorems,

33-35. The truth tables applicalions using truth Lables.
(The asbove should’be completed before -
combinational‘or seauential lodgic circuits.)

'3§r42. Converting 'block diagram to truth tables and Boolean"{

eaquation or vice versa,

46-53. Dewglopins sKill in.manihulatins quléan eauations.

-S4, Deyelé?ins'ékill in manirulating minterm and maxterm

eqauations.

The remainder of the everczsés 55-61 invalve - A
construction of Karnaugh mars and their appl1cation. This
sect;on should be caonsidered ortional.

The teacher should check all work sheets ‘when -the .
assidned everc1ses are, conpleted.'

‘o~
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G Seaquential Losié Circuits

Seauentizl lodic circuits are used in a3 variety of
timing y seeuencing and storage functions. There can exist

an almost infinite variety of‘seéuential logic circuits. A

A»“:

rePresentatlve sample\of the most -common tures are included

~

in these learnxns actxvxtzes.

& -

The method used will be Lo introduce sou to vérious

lOSiC cxrcui S and have you Perform operatxons on then. The

anount of 1nformatxon supwlled is 11m1ted therefore $ou .

will have to xnvest1sate these circu1ts;in more detail than

4

that shown on uour learnind activituy sheet.

-

Astable Multivibrator

2 . Monostable multivibrator
3 Schmitt teisger . -
-4 3RS'FLi?.FIOP -
-5 JK Flip Flop.
6 D Flie Flor (Latch) ) )
JZ\'B1nars counters,f  i
8 Ssnehronous counters
 9; Ur/Doun counters - o \_.:'&
- 10 Decade counters . |
11 BCD equntep§~: ! -
12 Shift redister 1 . . . -
_13 Shift resxster 2 | ) )

14 Ram nemors R o ' ‘ S P

-15 Construction Joh (decade cbunter)

. ~ . '
" . ° At ' .
= S .
S ' ‘ )
.
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Learning Activits G1-

}l‘
ASTABLE MULTIVIBRATOR L
“Obdjective! To construct an Astable Multivibrator. ,
' To observe the operat1on of an Astable K
Multivibrator. ; .
The Astable Multivibrator is a frde running osczl}ator .
‘whose’ freeuencs is determined by the tiwe constant-in the -
base of each transistor. Construction of -the Astsble is : T
accomp lished b3~connectln§ two transistor ‘amplifierd” bacx - .
to bacK. L . & i AR
*  Select 2N 4401 Lr3n51stors to construct the oscxllatdr.
i -~ o E:
Complete Lab # 25, (Baszc Tﬁchnxeues 1n’Electron1c
<< Instrumentationy bs Diefendenfer., F.229.) ‘ e e
- - Sooe T
Drauw 3 schemaLlc disgram of an astable mu1t1v1brator. . _—
vae a8 brief explaxnat1on of it’'s operatlon. : at an
. o \':’ ’ .
o . f . . _’ T, : N 3
- * . 5 - ) A
wi T » T hn e - . N
-~ , L - v o B
o - - b T o B - fgf'
. A" ". ;‘ (4
. - . ) g V . B ‘ | ' 3
& Cae ~ e e - v e : ’ o
Is it Possible to_ construct an® astable Hu1t1vibr3tor ,
usins Losic Circuits? ’ ; e ‘ c
_Some research reauireds ' . ¢ = Ty
: ._-"{‘. . = B T - - )
e -
e - e - *



)

o

. Obdective. To learn the orerating characterlstlcs of a3

Iy

How is outrut Pulse uidth determined?

164

Learning Activitu G2

MONOSTABLE MULTIVIBRATOR
Nonostable Multivibrator.
Select 3 74121 intedrated circuit,

Look up- 741”1 in the Fairchild TTL Data Boox.

Comrlete Eyperzment ¥ 12 (Eyperxments 1n Digital

Princirless bu Leach. P. 59 }s

t

Brawia‘schemétic diagram of & monpstable multivibrator.

When trisgerxns occursv can the- Monostable be
re—trzSSered? \

2

e " - Qe
ey b

XY

- -

- Bive tuo appllcatxons for 3 Monostable Hult1v1brator.
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Learnms ﬁct.wi, w G3
¥ SCH“ITT TRIGGER
ObJective! To observe-the wop%r‘atidn' of 3 Schmitt Tridser.
o To record the ..Hg’st,epesisu:l)oltaSe.‘ .
“ The inrut. to Schmift Tridger is u ally a nonlmear
voltade "and .t,he outrut, is a rectansmd voltase.‘ :
Select 3 74132 intesrated circuit. .
Look up Pin connecuons ‘in Falrchlld TTL Dat.a Book,
Wire ‘Ur Lhe 74132 f‘ccordms o ‘the folloymWﬁ_f"arﬁ_.
v+50np1n14 - ‘ .
Ground on. pin 7 « ‘
et SV g
B N—/,‘_\
7 10K
} T
f'/-' . | h - ) . .
Set:RC1) at o resxstance. Light woael” 0
A '°IncreaSe res:.stahc:@"oga‘(i) until lzaht 15 on. g
: : B ¥ . ~ - ‘
" V(A) VOILBQE at Pin 20.0.000000-." - ’ -
Decrease res1st.ance of R(l) unul light 15 off. .
. e ~—f-—=2’
\_/\/V‘B) voltasa at Pxn 2 ooooto&ooo 0“'\\‘7\ ) u"
Hsst.eresxs U(ﬂ) - VtB) = .__..f;.;i. t SR
1 :—J \‘ . | 4 ..; 3 l . .,\. :‘. .'V_...' )
- A - ? _ ‘ ‘ Vv ‘ -
T T
R e
" .ﬁ o ‘ . _‘v' C} o 7 b k4
B S . N

f.l—.




.W | . ) - . ) ot A , - ‘ “\‘-’- M
s Wire ur “the folloutns c1rcu1t usindg a 7413 ‘

o .+ 5 on pih 14 o < :
, ~  Ground on .pin 7 S o e . -
. ¥~ . - P I - C PR . - N ) . = . o R k/‘
. . y M .
) It
. @ i '
I ., 4 . ¢ ) - ’ ~',:" .~.
I iepO H ‘ . S
B ’ * AY B
v . i .(. N
T A ’ ° v - ’ -\ N ' . R o .,. » v
. - Record wazﬁgorm at Pin 2
..' . i v . - : < ' " :iv . » - T
f;‘ . - K . . .
’ r;l v ~ A ; A
. ) T . g
-~ Recof‘d “3V9forﬂl at P1n 3 Qoooﬂ’Qoovo'0000000000.‘.,,‘._ P ".;"," ST
: ..‘ . S . . . o . - N . . ) ey
& . - . Y. A . P h’ ; ) e R . o .
R : D . S
-, B .. C e ER PR -ég‘ ‘o 4

. .'Hakéfsure.the 1nPut and outrut time sre in:line.. = .

Do ¥ Can 3dBesﬁssest,é1use.for é-SchmitthfiBéér? fa

’ oML . . . LA al
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Learning Activity G4
‘RS FLIP-FLOP;

D by
a.

ObJective! To verify by eyperxment an RS Flip Flop using
Nand Gates,

fA lep Flop is & fundamental dxsltal c1rcu1t ‘whose -
- output is either a 1 or O,

Select 3" 7400 ‘intedrated c1rcu1t.j
Look up P1n connections in Fa1rchxld TTL Data Book

Wire Ur the followind circuit,
+ 5 to Pin 14

Ground to Pin 7 R *.: - R -
. F% S |  ;‘?
- .: I - :E;H
w o8 S' .T_""—_f

 Complete the following Tryth Table. :

o R s|e|El
. olo| t
. h 0.1 -
) - G ifof |
‘ 141

'~Observe_the*éﬁovexseauence uhenasuitéhiné R and S.

-
R ES

28

Concluszon. Hhen R 15 Hi and S is Lo £hen Qi....,}.}. §

When § is Hi end R is Lo then @ .........”‘; o

e ‘:Y. - s

] A A , LI B ;
_fuote:'u is not aluass obvosite:ﬁ.'r? PV

s fa Rs lep FlDP ean, be used Lo construct a bounceless

° switch. Seet (Basic Techniaues in. Electronic™

Instruqentationv by Biefenderfera P17 | s

e

Hhat are. the lxnitatxons of the RS Flip Flo?? (Sea
LEXL)QA‘.v, . ;@ R

Y

. . o =
“Draw 3 scheaatic diasran of 3 clocked flip flop,(RS)

S K 5 : .&?'
. L R
ST e . > e
-
s

&
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‘ Learning Actiwvi GS
5 Ti:flig\ 9

JK FLIP)FLOP

Dbdective! To observel‘he oPeratxon of the JK Fl'P Flop.

flops are reauired to chanseﬁﬁgate in;sunphronism with s

clock signal,

‘Select & 7473 JK Flir Flor intesrated circuit.
{took ur Pin connections in Fairchild TTL Data Book.

. Wire a 7473 on Lodgic Board. o A : . N

+ 3 on Pin 4 - : o
Ground on Pin 11 - -
LED Monitor on @ ) o o
Hi to C(D1) S _ S o

P . Using LOSiC_TestEPv‘COMPlete thé*follouins\Truth Table.,

A clock ‘rulse (3 lodic level doind from Lo-Hi-Lo) must
be arrlied to C(Pl)’in}order to observe the outrut.

Before clock -~ After clock
*Inputl . DutPut
3 ) . I/’;.—“I";‘.‘ J K | _ - Q
o . o o
4 1)0f )
0|1l ;
‘111 - -

.-

tonclusion? IT J and K are lows application of Lhe clocn
' ’ . pulse has no effect on the output.

B4

is BPPlledi ¢ BT Y S

~
-
ot

. IP K is hiSh and J 15 lou after the clock Pulse
. . 0s 3PPlied' Q. ooooooooooo _
Ir K is high and J is lou after the clock Pulse
-'15 BPPIiEd’ Q oooooooooo;o

~ :'_a.

It J s high and K is low’ after the clock Pulse

»
-
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Fidure 1 is 2 summary of the 7473 JK Flir Flor. Note!

Transfer of data takes rlace on the nesative {Hi-Lo) .
transit1on of clock. _ ‘

13

-

With J and K Hishs aprly 10 ciock Fulses.,

»

Record the number of outrut pulses CO) vrevos

. State wour conclusion.

s

<

. , | .
; . | |
\ A R
f ’ 1 1 2 3 4 5 6 7 I .
;‘ Ck[ :
: . i . -Q--! 1 ] ] IL—
: ' . i 1 : 1 . : : |
} o ‘. .:L,..ml! . i - : =
‘ Do _ . ! ) ]
: I ' |
1 L 791- t - I | :
% ; ! 1 ] v
-0 .Q.! | N ! ————!
e ' 5
L1 . ]
. i 3 :
| pCd - ‘

.
» ! ‘
| - , . .
; - S .
- o e .
» ° ) -
.
- " .
7,‘ —
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{/ Learning Activits G6 -

[ D FLIP FLOP

I

'”Ta”’gserve the oreration of the I Flir Flor, .
To learn how data can be stored.

3 7474 D lep Flop intedgrated circuit. A
Look ur' Pin connections in Fairchild TTL Dalsa :Buook.
‘Wire 3 7474 on Lodgic Board.

+ 3 on Pin 14
Ground on Pin 7 _
~Hi on both S(I? and €(B).

A clock pulse must be BPPlled to C(P) 1n order to
" correctly aobserve the output.

Complete the followxns Truth Table.

Beforg clock After Clock

Hi =1 D Q
Lo = 0 1
_ "
o. v N " .‘ ‘ N .- ] . .4
Rereat seversl times to check results. -

‘ﬁhap‘happens'tb @ if the clock is not apPlied?

=«

- Conclusion: If D is low and a clack is applieds 0 = weees

It B is hlSh and a clocx 15 apPlied’ B = seees

_the. Transfer of - data takes rlace on the nesative to
. Pos1tive (Lo-Hi) transition of the clock.,
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Construcb the followxns e1rcu1t and record your results

> on the outrut for various inputs. Note: After clocK{Pulsey

data is locked in the outrut.
Logic Hi on C(D)
Logic Hi on S(D} N

Bit 0 o D ‘Q * LEﬁlMoﬁitof
- N - Cp ‘
Bit 1 o D Q e LED, Monitor.
. - ) Cp .
Bit 2 F ‘ D Q ______..‘lLED-’Monitor:
‘ ; T | Cp . ' I )
Bit 3 e ) D Q___'__.‘LED4Moni"t‘;or"
. Cp
. i N = . BN

What is the purpose of C(D) and S{D}? :
" This is an eranple of 3 4 Bit storase regxster.

%
Optionall Construct and testhqn'B,Bit storase_fesistér.

Shoﬁ fiﬁished rroduct CQﬁsour teachér and be rrerared to

_exrlain it’s operation.

.~
1 ~
-
- .
.
~ . .
cart .
3 g : v
- <
E ) i
. -
)
AR -
. e N
. - .
- g
i A
) P o o
- - v
. Pt . r
s . £ . 3 t
% R : -
. . N . RERAN
5 NS B S 6. A
) N ) 4
SR PR P
. ‘2 -
3 ~ ¥
N = B ?
f
A 3 N . . .
' g
' v €. e -
; S :
F e - * o -1
» . -

‘f"‘

Vo



e i B b S

e e et

ObJective: To construct a divide by 25 45 8y

& 3 172 - ' ) l

: 6 . . “ o 4

. . Learning Activity 67 4 o
'BINARY - COUNTERS

16 Counter
from JK Flir Flops, '

Previously we learned thal one JK Flir Flor will divide

the clock Pulse by 2: that 4 clock rulses in C(P) dives 2m

’,
4
-
o
r
¢
S
7
RN
o
s
i

rulses out. st Q. . g _ [

Select two 7473 JK Flie Flor intesrated circuits.
LooK‘up Pin connectionsvin Fairchild TTL Data Book.

U1re ur the follouxng cxrcu1t .
+ 35 on Pin 4 i

Ground on Pin 11

Hi.on C(D) , Switch Lo to Hi IR
LED Monitor on G(1) and @(2) and Q(})
Logic Hi on JJ and K - =

eL(3) 1 TL(Z) ~

L(1) -
clock| . Ap— 1. @ 9 g
—=Cp, —%p, Cpg
Clock . Butrut ; . N ';ééeéi-al
T k= =2 3= |
o | o e | o
{1 o ,
2 1 R E
3. | 1
e T
5 -
R4 2 R ‘ iZQ ;ﬁ

~
% 3

e

Q

-

‘L*CO@plete the above table. Rem”~clock reguires
- Hito Lo transition.- _ :
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Conclusion! Q(1) divides by

trresbs ey
Q(1) with 9(2) d‘ivides DY seesverene
e ©__G(1) with 002).and B(3) divides by cvervesos

i "~ Usind the above infqrmation} Design and Test a circuit’

3

that will dlvide by 16, e . 2’

' It is possible Lo divide bs 10 or some other base.
- Desidn a circuit that will divide bs 10, - -
! For more information see H.P. Video tare binaru on -
.counters? ‘ . .
, % : /”"‘.‘\\ _'
; . e : Yoo :
; Lo y -
1 % v v
; T i \
i . : A%
f
| .
‘5 .
! : ,
,
_A’ ‘.
% : TN - -
b : . e
[ . o F - _ R
; 4 _ _
T e o ;
. _i;’:
: S - ™ s ~
y &% ST L - e
oo .
s e . -
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- " Learning Activitu G8
SYNCBRUNOUS COUNTERS - -

L
ObJeclive! To observe and record the operation of 3
Synchronous Counter,
A sunchronous counter (74150) changes the state of all

. Tlip-flors sxmultaneousls PPDVldlnS a8 much hisher freauencs
capabilitu. An assnchronous counter (7490) reauires the

oﬁtéutjof_bne f11pfflop to chandge s&ate to trxsger~the next
fliP‘flO;y .In asshchﬁohoué‘counters Lﬁe maximgﬁ input ‘

[ fresuency is limited by the time it takes for the rulse to

0

rirrle throush the flir-flors.

‘Select two 7476 and one 7408 integrated circuits.
Look ur Pin connections in the Fairchild TTL Data Book.

. : Wire ur the circuitl in Fig. 1.
S + 3 on Pin 35y 7476 3nd Fin 14y 7408
R r Ground on Pin 13s 7476 and Pin 75 7408
i ‘ LED Monitors on Q(1) - Q(4) -
Lodic A on Set S(I)
~ Lodic B on Clear (D) . ‘
Laogic C on clock. C{F)- - T

¢ | Logic D on J(1) and K(l): sthch to H1'
. | L{4) - L(3) _LA(?.),, O L{L)
: ¢ -
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Switch Lodic As Lo ~ Hi, Note! All LENs on.

- Switeh Logic Br Lo - Hi. Note! All LED's off.
Switch Lodgic Cr Hi - Lo

“This is clock rulse no. 1. Record the outrutss
comrlete Table 1. -

s

Clock _gd. " Buteut ..~ Decimal

LO1)=8 [T L(2)=4" | L(3)=2 ! L(4)=1"

0 0 0 0 _' .0 0

a

a3
-
-

You should observe Lhat the ssnchronous counter uorks
similar to the asunchronous countgs{gxcept that the chanse
.1n G levels is instantaneous. A

B

-

™
. .«
@
]
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Learning Activits G9

'UP/DOWN_BINARY COUNTERS

“Obdective! To observe and record the pPeraLion*qf an

.:UP/Down*Binars.Counier qith Paraliei{and.‘
Select ah}§193 iniesrated,ciﬁchit; < 2;1
Look up ein out infra;réﬁilﬁ TTL Data Book
’Uiqg-up \hg'7¥i§3*6n‘the'Lbsiq board.
"+ 5 on Pin 16 h | T
_Ground on P1n é

. LED Monitors on @0y - &3>

‘ Loszc su1tches on P(O) - P(3) )
--ClocK on count up Pin 5 ‘
t;Clock on .count down Pin 4 o _.'” e

.o

LED Monitors on terminal count down

LED Monitors'bn &ebminar couht up
Losxc su1tches on master reset T

}{** ;Losic suztches on Parallel load C °

4

1

N
o

Set:P(0)

Rty =1 (
- « . A o .
Com2r=1 o
M3 =0 - -

Comedewe L

CUPLLHi - Lo mcHL o PR R
} ‘;}"5‘ = \ ] . .'
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Comrlete the following chart,

Count ur Parallel Load .

CiPd)|CCPu)| QO] Q1)) a¢ 2| R(3)|Carry

A% -1 1

0. 1 0
ﬁ .

. S
Pt

xHH%HHHﬁWHo

N | o _
Count Down Parallel Load -

v coPd)| CePufacor] acry]ac 2> ac3 ) Borrow |

o |1 |1 0

~d'

-

g
I

R I )
[N I )

HwTksaas

R I U B [/r-s
3

I
‘ I [ ‘ b i, A -
PFAENEE I EE

| Cistffodb‘funéﬁionSfth91?3193 canﬂpérfépii,:~‘

°
..
o
bl
.
*
~
<
-~
i
N
—~ I_I -
RN
‘.
) -
;
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LéarninéAactivitu Glo‘
DECADE - COUNTERS

-ObJective: To observe and record the oreration of a Decade

. Counter, .- - - T

5

Select Lhree 7490 Decade Counters 1ntesrated c1rcuits.

Look up Pin connectxons in Lpe Faxrchxld TTL Data Book.

oS A»
SR ] . ¢

Wire Ur the 7490, T
+ :5, :on Piq 5 % A ._{..: . ‘1 ;. P"; a” :
',ﬁcrduna on_Pin 10 | A ®

 Losxc A on rin 2 and 3 . - B

‘Lo oh Pin 6 and 7 f‘;;';
LED Honitor on Pin 11 e
Pin.1 lied to Pin 12 L

‘Switch Logic A Hi to Lo T .

N

R U Y -'--—- €lock . oo

S 11 f-- ~—~LED ﬁonitor
R TR Y

N ) " o . 7 8 . R ) * _
R ” T T L&
.' . - . F
i < v .
L4 . t 2]
7490 v ' *

-

hpplu 20. clock Pulses Lo Pin 14. 4 ”

Count Pulses out at Pin 11.

‘.. . -
| f_-‘\‘ o SR gt P . . T T

.- A Dgcéde~Couﬁtevtdiﬁidésibs*&sg,;xki;*:j;g*f’:ﬁ¢k<* »
. . i . «#’ . '\,; . o “
[ R e - -
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EN <

Cascade Decade Counters ¥

Pins 1s Sr 10y 3s &s 2y 71 as befare.

1l ' 11}—LED Monitor
. . T out
"Clock —114- 14 ‘
. in . . o } . R N
7490 7490 , g

Arrly zoo_CIOCKAPUISES ﬁo inrput 0;00000000

»

Count PUIééS out ooooooéﬁboooootoo;oo}oo.o

PI .. /

2 Decade Counters in Cascade ‘Z'Series) Bivide By sessess

"3 DECBdE’QQUﬂtEPS‘iﬂ-CBSCBde divide bB\o;oo.obo.ooo;,oou.

R

" [ N - .

Wire ur the following. circuit.

Pins 1y Sy 10r 3s &s 2y 7 as before.

¢

. : ‘f ' R
To 7 segment display To 7 segment display

- Q3 L . - _— '.(.. Q3
T erlg 4 e ,
Clock iny, : ’ ib i .
Qig 1 QL 1
V'-Q“o 12 - Qo ; ]
.m0 "m0

. ArPly clock pulses to input.

SV

r

' What do-wou observe?
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Learning Activity G1i

Binary Coded Décimal (BCD) COUNTER

‘ObJective! To observe the oreration of a Binary Coded

Becimal Counter.

~

A BCD Counter is 3 seauential circuit that counts bu
tens. That iss the counter uzll cscle fron 0000 to 1001
(9) and back ‘to 0000. '

Select a 7490 intesrated circ:}fb .
Look ur Pin connections in the Fézrchild TTL Dats Book.

de
+ S on Pin' § .
Ground on Pin 10 o _ .
LED Monitors onQG(O)-- 9(3) ‘ ' ) .
Pin 1 tied to Pin 12 ' ‘ y
Lodgic A on pin 2 and 3
Lo on 6 and 7 o

- Switch Logic.A Hi to Lo - - ) a o
Arply clock pulse to Pin 14 . .

uxre up the 7490 on the Lodgic Bo?

-

‘' Comrlete the followins table.

Clock . Qo (¢T @2 (¢F . |Decimal
olojolof | o

O
]

¢

) P) Y S (R R PR P ) R

olmlN]|elals|uln]mw
Y
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Learning Activity G612

SHIFT REGISTERS I

¥

' ObJective! To be able to construct a8 Shift Register -from
kS ‘ flir flors,

. &

Resxsters are used to store bznars 1nformat1on and to
. rerform digit3dl arithmetic orerations.

- Select two 7473 JK Flir Floes xhteséated circuits.,
Select one 7400 Nand Gate intedrated.circuits,
Look up Pxn out in the Faxrch;ld ‘TTL Dats Book

Wire up the following thft Resxster usins 7473 F11r
Flor and 7400 Nand Gate.

-+ 5 on Pin 145 7400 and Pin 4y 7473
Ground on' Pin 7y 7400 and Pin 11y 7473
Logic Hi on C(D) o

" LED Monitor on Ay By €y D

Farallel .
" A B e
'} .
Serial in 5 @1 J Q2 J Q3 .J Qul
o~ & fﬁcp_ - Hep
K Q4K @2 K B—HK &
~ \@
Clock ' ‘ ,
- ".
B >

B
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A .
[
.

. ~

Apply _»110lxto thé input, LSB first
- (MSB) (LSB)

- Ladder Chart for the shift register

[
o
o

k| | | ‘ '™

e

(=}

or_o b o
(]

O miten I

‘Serial in (J)  (MSB)1101(LSB) -
Parallel out 4,B,C,D 1101 ~

" Repeat the above and observe the serial ingﬁ€”
'is shifted through the JK flip flops. Note 4
élock‘pulses are required_ to shift in*a L:bit

WOI‘d e ‘. : i ) o B LA

e



RV

183"
]

“ . ' Learning Activity G13

A | . SHIFT REGISTERS II

¢

%_ﬂ ‘ ObJective! To observe the creration of a 4~Bit R1ght/Left
P thft Register. : - R
. _ | : o L _
Select a8 74950A Shift Redgister integrated circuit,
Look ur Pin connections in the Fairchild TTL Data Booko
-w1re up the 74904 for SBnChPOROUSv shlft risht serxalv
inrut,
+ S5 on pin 14
o Ground on Pin 7 S
v - Lodic Lo to P1n 6 . n
3 . _
?L -  Serial inyl. 13 ._Qéx
‘ \" ST L | Q2'
i - E : B S | ’ __Qu__QB
[ o 2 Clock
‘ t i - . i

——

1 ﬂ. : ConséLucLﬂa/{adder Chart Lo compare clocxv ser1al 1ni
i ) (4 Bit) and Q(0)s QC1)y a2y ac3). ?

“How would wou reset the outrut to 07

3o ..- X
B 4

: . : h o
o o :
.

: 3
- -
;
3 = 3
. \ . ;.
! - .
i' A )
i .
' *
»
i g
5
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+ Learning fActivity G14
. RAM Memory
UbJectiQe. To write data into a Random Access Memoru (RAM).

To read data that has been PPQV1ou513 written
.1nto a3 RAM. ‘ ;

Readlns data from 3 RAM or urltzns data into 3 RAH // -
1nvolves settzns ur the data iznes’ address 11nes: chxp .

select~11ne and the R/U lxne. For more 1nfornat10n on the

" RAMy read rade 720 to 731y (chroprocessors: Heathkit) onf‘

BN

similar Lexy.

Select 2 7400y 7426 and 2112 integrated c1rcu1t.
Book.

‘.~ @ Look uP rin.out in Fau'chxld TTL Data Book and MOS Bat.a"'

Wire ur the folloulns cxrcuxt.' : ) S
+5 on rin 14y 7400 and 74126 and rin 16y 2112 e
Ground on pin 7> 7400 and 74126 and rin 8y 2112.

. Ly L} L2 Ll

. 4

. E ) . B + °
- lo pho h1 fi2 5V . 3 46 18 n
| Data - |
cs| - T [T .
ol 2112 RA 74126 -
® . Address .
— 11213 14 P2
“f | Lsuu‘;h . 5% DI IR
ABCD o E F G H



. E=0y F=07 G=0s H=1

185

Logic switches AsBsC and D selecl the RAM address.-
Losic switches EsFyG and H select the RAM data.
R/W logic switch controls the reé#/write-déta.

Switch A=0s B=0s C=0s D=0
";.DBLB an the-LEDS: ooooogoooo;boo;optsotor'oob
This is the contents of memory location 0000.. .

-

Switch E=0s F=0s 6=1, H=1, :
Press R/W switch
-Data on the LED5=oybooooosovoot’fooof;obioooo

Note: the contents of address 0000 have chanded.

Why has this happened?

Select-address-0001.b9‘settin372?'
=0y, B=0y C=0y D=1

Set “input -dita bu selecting -

.

Press R/W switch |
Bzsta on the LE05=_000.06ootoo»ofi;o;o.oooofoﬁ

‘What is thé cohtents'of addiess 00017

 'DBescribe how a RAM can read gnd write dats.
Note: A ROM is sinrls 3 gan thét'cannot:hbénallg-be
ﬁribpen-inco};x' o - ‘ |

’



‘>& 0000 | o011

\\\\ 0001 | 0001 :., Y

186
Complete the follouxns table by urztins data into the

indicated address and then recordins that data.

g

Address ;_Data

N d;,
Define the followins: Rﬁ“;.oogtiéo}oa{o sove *srerrrrrne

ROMososssoonovossssorsnsssssosees

PROH"OOOOO'O0000.000_0000.,00000000
C e, ‘ s
Y

EPRO”.’QQ0000‘0.000.000000.000000

I3 o -

“Extral Uire up tuo 2112 1ntesrated circuits to fora a

RAH with 8 bits of data. Read and urite into the RAM. Far

_‘asszstance see (Hicnorrocessors: Heathkitv Pasb 10~12).
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Leafning Ac{ivigs G15
Seauential Circuits

Ohdective! ‘To construct a3 basketball. scoreboard that will
A redister scores from 0 to 99, Il must he able .
to reset to 0 and read out on the lodic board
(seven sedgment), .
» ’ . -
See Teacher for! ' . o,
Srecial instructions for construct;ng P.C. board.
SPecial 1nstruct1ons for wire wrar,

You- ulll complete the readout sart off this Proqect wh
ynu comrelete combin3t1on31 1051c circuits.

»

e \'x;_
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H Combinational Logic Circuits
~ .

: . ' ‘ .
~ Combinational Lodic Circuits are didgilal circuits that

”are made upr of dates and inverters. The, oulrul of & ~

"

combinational lodic circuil is a function of the state of

" it’s inpulss the ture of dales useds and hpw theu are

connected. X ) -
‘HYT Decaders I -
H2 Deéoders II
Rz ‘Encoders | ‘
H4 Multielexers
‘ﬁé Dénultiplexers <
Hé6 Multiplexers DemulliFlexers
H7 Half Addér'
H8 Full Adder d
H9 Paritu Generator

R10 Parite Checker

H11 Four-Bit Arithmetic Lodic Unit

H12 Constructioﬁ‘Job -
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o ‘Learningd Activitu Hi
DECODERS 1

. s

BbJective? To verifu the owerétion of the AND Decoders.
- To -construct and test several decoders.

The inrut to 2 _decoder is a rarallel binary number and
the outrut ic 3 binary sisnzl that indicctes if 2 srecific
binaru-.number i% rresent at the insut.

‘Basic Decoder is the AN Gate.

¥

- Wire ur the following circuit and confirm the Truth

TBb_le»
_ A|B]X .
A . 0lofo0
: X
0jl1]1
B :
3 1100 .
11140 ) N
X = B.K 5 .

It is verz important that wou dnderstand the  stove
Boolean eauation.

What is the Boolean eacuation for the following
Decoders? ’

A D_x A“. )DX
. TP - B | |

X = \7
ha LR AN B B 2N BK 2 3% N BK 2K BN 2N J

X = N RN R RN

~

S
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Learning Activity H2

DECODERS II

ObJective! To construct several decoders and record their
oreration. ‘

i . » . i L . )
A Decoder is 3 Logic. circuit that will detect the
rresence of a8 srecific binary number or word and ocutrut 3
srecific binary number or worde °

Select 2 7442 intedrated circuit.,

Look ur Fin connections in the Fairchild JTL Data{BooK.
Wire ur Lhe 7442.
+ 5 on Fin 14

" Ground on Pin 8 -
Lodic switches on A(D)sy A(1)r A{2)r A(3)

LED Monitors on QO0) - Q(9)
‘Complete the following Truth Table.

Binary in . culrut

A3l A2 AL | A0 | O |BL 62|03 |a4}05|06 |07 | a8 | @Y |.

ol of ol o of tpal v o] o 2} 1] 1] 1

o
o |
<
-

o | -
ol o 1| 1 .
of Al o} o . ,
ol 1| ol 1 '
ol 1| 1| o :
ol 2| 1f 1

(4]

1 1] o
1} 1] 1
1} 1] o o ’
1] 1] of 1 i .




lach1h2h3 | Q0 Q1
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[3

Which ouiruyt dwoes low for’ the binary word 10017 ...,

Select & 74154y

L

LR 2N B B 2N 4

1 .0f7 16 Decoders, intedrated circuit.

Look ur Fin connections in the Fa1rch1id TTL Iata Kook,

Uzre ur the 74144.

+ S on rin

24

Ground on rin 12
E(O0) and E(1) to Lo _
LEDl Monitors Lo Q(0) — Q15
ACl1)y

Logic suwitches

to A(Q )

Al

2

Comrlete the following Truth Table.

-

*

AC3)

Q2

R3

R4

el

R7

a8

Q9

G1oQ11

Q12013014015

0] o} 1]

1

1

!

1

1

1

(=)
(=K =]
[y

<
=R EN-N-)
. | e
Lol A =]

-
[y
<

olololo| o
-

Wy
[we
[

Lol -]
o

(%)
T

=
[
ol o
[y

Which outruti soes low for the binars Qord 10107

$

0..000.

- How tan uou uzre ur Lhe above circuit to nge “$ou 38 1

of 8 Becoder?




G

1”i£ can cadnt from 0-9
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‘Select = 7447 BCD to 7- sedment ‘Decoder.

LookK ur P1n connectlons in the Fairchild TTL Datsa Booxo

Wire ur the 7447.

+ S on Frin 16 ’

Ground on rin 8 :
LT and RB1 and B1/RBO to H1<
LED Monitors on  a. - 4 :
150 ohm load r951stors between a - g and +5

ogic switches A(0)y AC1)y AC2)s AC3)

t

- Complete the following quthftﬁbig. A

a3 [az [a1 [0 | a|b|clalelf]e] - .
ofofjofo| oJofoloofo]rf S Q
0joflo} |

olof1]o

oo 1]t - |- | y
oj1]o]o 1k | "
ol 1ol

ol 1] 1]o
S .58l I ]
1{0fofo

1 . o 0 ’ 1 | "

11201} 0{™ ,

1o 1]} -
110 \o\.}. 1 = - .

11301 . i

1| 1{1]|A 1 - \
1 1] 11 =N e
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tearning hct1v1ts H3 ‘ . (’
o | o  ENCODERS

" QOb.Jective: To ‘observe and record..the operat;éﬁ/;;v;n
encoder. N ¢

An Encoder is é combinatibnal lodic circuit that’

accerts one or more 1nPuts and Senerates 2 multi-hit binary
auteul code. :

E 4

Select s 7485.1ntedrated circuit.
LookK uf Fin connectlons 1n Faxrchlld TTL Uata Rook +

Wire the followind Encoder.
+5 on rin 14
Ground on rin 7

L . LED Monitor on A 2nd E
o ' '
% 5 _ . - S’Z
: , _[.. - S3F
; IcL = 749t>
P .. Kk = 1K ' w
i e - S(1)y 8(2)y 8(3) are Push Button switches.
| o - Comrlete the following Truth Table;ﬁj
i T O P o
L /%g;y . inrut outrut ‘ _ ,
. = ,“'. - . A B . - :‘.;;'.T-:
f 5, x, : i l. | .
; R - S -3 Y-1-7-1. R S R P\\
I 2 closed . | |~ .
i S3 closed - e iy B
%’ My" EncoQgrs can be used by -3 comruter to determine 1f a8

‘ \speczfxc suxtch cosbination has been closed.

e Can u3ou thxnk of any other apa\}catxons for Encoders?

R




ObJéctfvé} To observe and record the operat1on of a
Multzple>er.

A Multirlexer -is an. electronic circuit that is used to -
select and route any one of a number of 1nPut 513nals to 3
. sindle outrut., . S N -
Select a 74151 intesrated c1rcu1t. -
Look ur Fin- connect1ons in the Falrchlld TTL Data Book.

~ . : :
‘Wire ur the 74151, , : : _ -
-+ 5 on rin 16 S . - .
.. .- Ground-en rin 8 . . ’ :
4., Lo on E ' : L )
" Led Monitor on. Z L . B
- I€C0) = 15 I(1) = Oy I(2) =0y I(3) S
T IC4) = 0y I(5) = 1y (&) 0y I(7)

it n
-

0

Complete the_follodina’T;qth_Table:

’ ) In;ﬁt ._ o 'OULPup | .
o 15¢2) ‘S(_ 1 ) {scoy - 7 1.
. . o |- o P“1;  "fht-ixfl),‘ o - s | )
o. | 1 0 w2 - o '
o | 1 [t | | S
R . R I B (5
o | v | ] us _
1] 1 'g' < ‘ 1(4) ,.';' _ . ~
1 ] a1 | i |
- Dzd“sou.confxrn that 1nput uas routed to the output%
ExPlazn. : ; B

el
i o~

, Hultxplerers are used to convert Parallel data to
‘4 ser1al data.

, Desxsn 3 cxrcuxt that will cause thxs to haPPen? T e
~ (Consider an 8 Rit Multirlexers see Heathkxts stxtal
Technxeues; Exreriment no. 20).
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Learning Activita HS

L)
. BEMULTIPLEXERS

S 4 S
ObJective! To obhserve and recgfd the orerationvof a

- ' Demultipleyer.

A Demultlple,er has 3 s1nsle inrFul and multlple
’ outputs. A Bemult1pleyer is also called 2 data router.

Select 3 74154 integratled circuit,

Look ur Fin connectzons in Falrchlld TTL Bata
4+ 5 on Pin'24 )
Ground on Pin 12 )

LED. Monitors on Q(0O) - G(IS)

Logic switch aon A(Q) - A(3) S
Lo on E(O) and E{1) - N el

‘ Bue selectindg address inruts A(Q) ~ AC3)s & Lo
arrlied to tLhe enable 1nputs can be routed to any
'of the outputs. -

Lomrlete the Truth Table. T

EookK .

one

Address L . Qutruts S
aohihzpz [eo ot Jaz |a3 [a4 fas jas lo7 jes fov a1ob11la1zll§§#a14pi_j
o ol oo ] I “

ol o o 1 (

<
=
¥

/
i)

iy | O
(=]
,ﬁ“"“n
t

[0 I~ 2 A~ I = B K = ]
-
Lor ¥

o] O |

(=]
fon
o

[ gg_ggigg oy
oS .
s
[
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Learning Activits Hé

MULTIFLEXER DEMULTIFPLEXER

/

Objective! To construcl and test®a l-of- 16 Hult1plerer and
. 3 1~of—16 Bem Llpleyer.

Select 74150, 741q4y 7493y 7404 intesrated circuits.,
took ur Pin connections in the Fairchild TTL Iata BooK.

Wire up the followindg circuit. .
+ S.on pin 245 74150 and rin 24, 741u4 and Fin Sy 7493
and rin 14, 7404, ‘
Ground on pin 12, 74150 and Fin 12 74144 and rin 10s
7493 and rin 75 7404. .

5 L o
24 [z L ]24 2 |-
_ 1 -

4 —

ot

- No t

Loare o] TH50 o P 8| 7#5¢ |17 LED

Cote B o] et

L#ok

1 — = ‘ 4

DC’;A uJ: Lt ' ‘_.'\". 7—0 7
o ' - ., . SEGMENT
 7¢73 S MEU |

Loere 14
- Ahil S

lf_E

" The 7493 selects t e channel over whtiich the data is
“Lransmltted. Select chagnel 4 by. Fu151n3 loslc switch
o2, Lodgic switch 1 1np ata.,

'LED reads out data. Make sure data is be1ng
transmitted and recezved.. Pulse losgic suxtch 2° and ch nde
to channel 1. : . ‘ o TP

Locate input and outrut channel.-
Inrut ;in “‘sevsesessres ON IC'ooyoobo»o;

OQutrut Pin ssssessese ON IC to;oovov;o.

o Can you 1nput dgta on anv 1nput channel and output it
on the ‘same channel? "Show wour teacher.

- Conc1u51on. If this 15 trues then one could- transport 16
channels with only 5 wifes.® -
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Learnins Activity H?

HALF ALDER

« Half Adder .«

‘hits.

'6

Select “‘Lwo 1ntedrated 01rcu1ts;°n0. 7186 ahd.no.
LooK ur Fin connectlons in FBIFChlld TTL Deta Book.,

. Wire up the follouzns circuit!
7486 .and rin 14y 7408
7408_ﬁt‘

+. 5 on rin 14,
_Ground on. pin 7s
-Logic switch on. A and B

7484 and win 7»

LED Monitor on-Sum and Carrw

s

7486

:i_ 1‘ :E' T 7?c)8ﬁ§
/qf . SR

x

Comelete the following Truth Table..

Input | Outrut
A Bffr"Sum 1Carr9
olo. | efo
01 1
2
1} o .
RPIR!

Write the Boolean eouation for Sus and Carrs,

CEPSPIBIIIEBIEPIIIS SLIOES

_ ObJec{ive. To construct and observe the operatlon of B
A Half Adder is a3 b1nars adder that adds tuo binaryu

7408.
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~

Learning Activity HB

FULL ADDER

‘ObJeéiivé. To construct and observe the operatxon of 3 Full

Adder .

A Full Adder is a binary adder that adds tuo blnars

bzts and the carrs from

3 Frevious addltlon.

Select Lhree 1nte§rated c1rcu1ts: No. 74861 no.

and no. 7432

o

7408

Look ur F1n connectlons in Falrch11d TTL Data Rook.

uzre ur the following circuit?

~ + 5 on rin 14y 7486 and Pin 14,
~ Ground on rin 75 i
Lodic switches on Ay B and C

7486 and rin 73

LED Monitor on Sum and Carrs

JIESR.

7408 and rin 14,
7408 angd rin 7»

7432
7432

.Stxh«fﬁ

‘Comrlete: the following Trulh Table.,

InPuL,f ;gutput )

fi ‘B cC ‘ﬁéum Carry f_ji S 5
Y 9& 0 ¢] P~0 .

0111]90 '

\ -
110190 .
1110 .
A 1l1]1

_uriig the boolean eauatioh for Sus and Cafrgy

" ssscessssaresssace

fictivitu?

Design 3 4 Bit Adder.

'thét uxll add 4 Bi} uords with carrs out)‘,

(That is an ﬁdder
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- Learning Activity 9

R

PARITY GENERATOR = -

-

Ob.Jective! To construct and record Lhe operatlon of 3 4
: Bit Parituy Generator.

A Paritu Generator is afcombinational lodic circuit
that observes the 1 bits in the word and denerates the
arprorriate paritys bit.  For even raritsy the number of 1
bits in the word rlus the PBPItB bitsy will be even. ' ‘

Select 1nte3ra;g;’c1rc01t no. 7486.
ook ur Pxn connectzons 1n Faxrchlld TTL Dats Book._

wlre ur the fdllowlns cxrcuxt’
4+ 5 on rin 14

Ground on pin 7

Lodic switches on 1y 2y 4.5

LED Monitor on ?arits Rit outrut

" 4 Bit Even Farity Generator

. l T _ : 'DL‘ PAR;'!“""]‘ :
hﬁ;»; G g .l z 6ltt;'x ‘Aﬁ.

o

e —— —1 -
. oy
3
1
-
[
e
e
B i
~
LA -
- . -
. . R
X R .
: f
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Comrlete the following Truth Table.

3

Ineut. . Outrut

Al B{C|D [Parity Bit
ofojoio 0
ojlotol1 ] 1
- ojolt]o . -
3? N =
N ojof1]1
g o100
; o1 1ol
of1{1lo0 ’
: ol1f1}1
: 1lojolo
S 1lojof1 i
? : [ 1]of1]o . g
i ' 1] o] ‘
! - - q
§ 1{1|0fo0 \ )
: X &
i 1 1]0}"
i 1{1|1{0 |
111)1}1 | T

-

' ’ i, @ o . i
= - . For odvaériﬂsy.Lﬁé number of 1 bits in the word Flus
AR the Farity bits will be odd. ‘ .

o

Design and iest an dddiﬁabits bit denerator.

s -
-~
: &
U, d{
) e . * -
» = /
: : £
Q
é i
H - =y
¢
{ Car '
).
'
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Learnindg Activityu Hio

Farity Chéckep

ObJdective! To. observe and record the oreration of an 8 bit
. Parlts checker.

A Parity checker checks for the number of 1 bits in the
words denerates a3 rarity dit and comrares the denerated b1t
with the word rarity. bit. If the word rarity bit is
incorrect a3 Hi is senereted st the outrut.

Select s 74180 intedrated c1rcu1tv Farity senerator
_checker.,
Look up Fin connectzons in Fairchild TTL Data Book.

Ulre ur Lhe 74180 .

+'S on Fin 14 - Y
Ground on #in 7 '
Logic switches on I(0) - I(7) o . 1 }
Lodic switches on E(I) and E(O) - , 2/
Note! E(O) -must be the inverse:of E(I) ’

LED Monitor on 3(E) to check rarituy bit for even rarits
A Hi on 2(E) means the even rarituy bit is incorrect

Compiege the Table
 InFuts S B - - OQutrut -

ECIHNOCINICOY IC1)) IC2) I(3)f IC4) ICT) IC6)] I(7 ) Z(EY

0 =1 11 0 1 o |1 A0 b1 R

1 o |*1 0 1 o | 1l ol 1 0

=31
e

A Do

Ident1f3 those comb1natxons that have 1ncorrect Parzts
blts. B

Vi

Tea tAad

-~ - ey

Shou gour ‘teacher that uou can set ur the Porxts b1t
for a word different from those sbove. - ,

B
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Learnind Activity Hil

FOUR-BIT ARITHMETIC LOGIC UNIT

o
~

Ob.Jective: To use an Arithmetic Lodgic Unlt to rerform
' binary addition and subtractlon .

The 74181 1ntesrate¢ circuitr 4 Bit Arlthmetlc Logic
Unit provides! 16 Arithmelic orerations
16 Logic orerations on two variables

Select intedrated dircuit no. 74181,
Look urp Pin connectipng in Fairchild TTL Datz Book.

Wire ur the 74181 ) : :

+ 5 on rin 24 o " _ -/
- Ground on Pin 12 ' ' S
- For additiont

Llodgic switches on A(O) - A(B) and B{O) ~ B(3)

S(0) — Hi .

7 8(1) - Lo r P

S(2) - Le . . T L -
S(3) - Hi : . e
M = Lo ' . '
Cln) = Hi

© LED Momitor F(Q) ~ F(3)
LED Monitor C(n.+ 4)

Comrlete the truth tgble for a 4 bit binars adder

a3 {A2°|A1 [A0 |B3 [B2 |B1 |BO [F3 |F2 |F1 [FO cin+4)
A :

of tf1tolofltl1}o

Coﬁver;,&he binary inPutl and outrut to decimal to check

Lhe accuracy of_the 4 bit adder

B R Ui GOy IOV ¥ O
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For Subtraction?

§(0) - Lo
S(1) —Hi
S(2):~ Hi ‘
S(3) - Lo
Cln) = Hi v

All others aswabove.

Complehe the following truth table for

. A minus B m1nus 1

A3 [A2 |Al [AO0- |B3 |R2 {Bl |BO

F3

‘[F1 |Fo

{C(nt4)

ofb1|1}1rto}l1]o}t1

fe

Your answer. Remember You: are subtractzns A B~ 1. -;

operations.

&

A

uords ‘with carry.

)

e ———

Convert the bineary 1nPut and output to dec1m31 to check ,:,'

You may wish to investidate some of the other 30A
See TTL Losxc booK for 1nformat1on.

RS

Parallel two 74181 1ntesrated c1rcu1ts to add two 8 Bit ¢




‘20, .

Learning Activits H12

Construction'Job
ObJectivez To construct 38 decoder. and display for 8 decade Lot
-counter., e i

To construct an inteFface betueen the TR5-80
comruler and 8 Centronics printer with: parallel
:1nterface.

o
o

Desidn and construct a circuit that will decode data

- ;fro- 3 decade counter and displau 1t in decxnal form froa 0 :
_to 99, This cxrcuxt will interface’ uith the decade counter<
f vou “‘constructed in Learning Activitu G15,
% Desisn and construct a circuit that uill interface the:
‘ TRS-80 comruter to a Centronics prlnter ulth Parallel
interfaces ﬁor asSigpance see Hicroconputing January 1980,
Py . o W
; o ..

.
i
:

g

H : -

q - A

i R ) T

H : ~ e C RS

! ‘ o
PR 3 — _—— e -t

“—v S TR NP —

RO - -
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: - III Comrputer Architecture

éll compulerss whether micro or maxir will require
_certain basic elements. Thg“importént~thin9'ié to learn how
'to identify these elements in any comPuler uou uill use.
Dnce this is done uou can analsze varxat;ons on the b351c

theme. To fail to learn Lhese basic“elements uilf~leave

s(udents vulneﬁable to those "new and 1mproved' comeuters

uh:ch aluass seem to be coming alons. As uith all

,en51neer1ns.act1v1t195v there are 3 feu truls basic ideas. '

L]

Most bu11d on exxstzns act1v1t1es.'Learn ‘the basics and the

_deta;lsguzll takeﬁcare of themselves.

This charter is rresented in two rarts? o S

A Introductxon to the Mlcrocomeuter

*

IS, _,-——‘—.—-w——'—l'—-(‘—“r— R ‘,_
B A Real Computer
L N 2
~. N Y
R 3
v g .
]
s ° X
. .
o
P
. o -
3. -5 o,
’ o L Fa
* ,‘;ﬂ e }-n: -
- \
e
- o
-
. . y
> B
e
o ’ ,\ v
e * e By
g ] |
< Sl
. k7
S L
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3 Fetch/Exccute of a Coiéuter Prodram
4

206 e T

-

A Introdug&;on to the Microcomputer

eyt

1 Microcomputer Architecture - i - "

Basic Computer ‘Oreration - <

Fetch/Execute Usins Zero Pade Addressins N o
55 A Sunbolic method lo Illustrate chrocogﬁuter
.Oreration

N3
s o
o
o - “
i el N
1
o P
. ny e
« X :
. . . -
\ .
. e
- .
f
iy e N
N o
- . .
M k -
. - N
- el < Y
A} ~
<
i R e
S v N T
o, R R ' £ =
. PEA - .
A ey
.~ 1
.
r"‘..
- L
1 o e
e )
) - - pus
i . o .
Lok, . ) - K
s
s K
L 2y
- Ll $°9)
u . '“‘,' e
: " 4
i A&, ¥
g
i
. * b
i -
. e 8
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e . Learning Activits Al

o . P [ et

Microcomputer Architecturg? gL

A .
i LA

The rurrose of this unit is to 1ntroduce the student to
. the comruter via the microrrocessor., Therefore all .

‘ references tora coaPuter are essentially references to :
oA g . mlcrocoaputers. h W

’.‘“

«_‘!-;

e
e

a

The microcomruter has three esséhﬁialﬁqggappgnxs{_

Ny . 1 The Microerocessor Unit (MPU)» also called:ithe = .
S Central Processor Unit (CPU)J The MPU is considered to be
Co . the heart of the comruter. . .
‘ 2 Memorwuy e:ther Random Actess Hemors‘(RAH) or Read
Only Nemora (ROM), e . B S '

P B
o e

3 Input/0utpit (1/0)y eprovides 2 means of connectins
the computer to the outside world.

&3y, - b,
e g - - e

4 &

A microcomputer is similar to 2 mini or naxnfrater
B o eomputersy it does similar thinds but much slower.
Ce - Essentially it receives data from the .outside world vis the
.. inPut rPorts rrocesses this datas and ‘delivers the resultant
L dala to an outrut rort.

W Fidgure 1 is 2 block diadram of a3 Microcomruler.

F
< -

- o Basic computer oreration - , -

-

Thé';1epago;Zuter uses the stored Frrogram concerts That
Js 8 Prqsram/xs stored in seauential nelorg,locat1onsfand

“the MPU selects the address. that conilains the program dats, =

This is done by sending rulses out the address bus and
. 7% “control lines to a srecific address. The contents’ of this
e S address are outrut to the MPU vie the data bus. This data

“is then processed and the MPU selects 3 new address for
. dBLBc ey Y

. . N .
d ;v 1,. P A‘ - s ' o ot
~ : - Figure 2 will be used to exelain the oreration of an
‘ ® .elementary microrrocessor. This is 3 pseudo microrrocessors

L ‘houever, the idess learned here are sufficient for wou to

e 1understand the oreration of most microrrocessors. This is

'an eidht bit microrracessor, data words are eight: bits wide
3 » and each memory location haolds exsht bxts of data,

‘ X : S s

x
.
1
Y

Rk

LCOREN
oo
s
Y
o

LN
LN

e

s
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" ROM

Program
able
- 1/0.

ol

-

*  CONTROL BUS

‘Figure 1

e LY

weJse T Jooryg
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Following is 2 list of termss including definitionss
that are used with this microrrocessar?

Accumulator? A srecizl surrose redister associated
with the Arithmetic and Logic Unit (ALU)» which temporarily
stores sums and other arithmetical and lodical resuts of
the ALU. '

Arithmetlic Logic Unil (ALU)! GOne of the three
essential comronenis of 3 microrrocessor. The other tuwo are
the redisters and the control block. The ALU rerforms

-~ various forms of additions» subtraction and lodic

orerationsy such as ANDing the contents of two registers
and mask1n3 Lhe contents of 3 redister.

Oreration of an ALU utilizing the ADD instruction.

l | C "addﬁ‘

v

) _ALU T——
u L . [Ei<;_;_;____

ofolofo{olof1{o

Accumnl?top __0 ololol1lol1lo

o ‘ Data Register

The control lines tell the ALU to add the two: inputs.
The result is stored in the accumulator.

o ~ ALU

olofolo|1|1}of0

. .+ Accumulator

-
P

.
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Addres s’ﬁus. Set of wires (tupicallu 16) used to

transmit an  zddres 5 from the micrarrocessor to memory or
170 device. . !
’ . F -
Address Register! Temrorary storage registers it holds
the address of the memory location rresently under access.

B

Condition Code Registeri( Thls reglster consists of 3 _
series of flag bits uhose settings reflect the state of the
MPU after an operat1on has bheen Performed.

Data Bus? Set of lines carruing data. The data bus isw
usuallwu bidirectional ‘and tri-state. - o

"Nate Register? Temporars storade - reg1ster for data
goindg to or commlns from the dats bus,

Instruction decode andfcontrol! As it’s name implies
it decodes instructions an¥ denerates control sisgnsls for
.the MPU and external devices such as memory and 170,

Inétﬁuct1on R931éter. Contains the orcode for the
instruction bexns EAecuted.

: Praogram Counter! Redister which contaans the sddress
of the next 1nstruct10n to be eyecuted.
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MPU

AR Address Registh
CC Condition Code

DR Data Register N
IR Instruction Register
PC Program Counter

Instruction Decode and Control

ﬁ} L]
ALU ~ INST .
_ DECODE
‘AND”
CONTROL.
\ -
- IR
PC
AR - DR
~ MEMORY
: 5 * Address Data
i 00........000 | 10000110
. ' : o
g 00, ..e .. 001 | 00000100
00eeeepes.010 | 10001011
) 00........011 | 00000101
00........100 | 00111110
004.40eeee101 | 00000000
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) Learning Activituy A3

v Fetch/Execute of a comruter rrogram

A microcomruter seauences’ throush a2 prodram bs
following @ series of fetchy execute operat1ons.

L8

During the fetch rhase an instruction is read from . A
memory and decoded bu the MPU., Burind the execute rhase the
instruction orerations are carried out. This sequence is
rerealed for the next set of instructions etc

The* following aré examrles of MPU instructionss LDAy
ADDs HLT: with a2 descrirlion of eacht

¢

Mnemonic code Oreration code

. Load the accumulator " LDA . 10000110
. T with the contentis. of . :

the next menory 1oeation g

Add the Contents of the. - ADD 10001011

accumulator -to the contents
of the next memory lacatlion

Hzlty stor the prodram  HLT 00111110

P . . - . .
{ Mnemonic codey oreration code see dlossars)

s
.

é'#bggram could look like this,

| Mnemonic code Number  Operation code - Orerand
LDA’ 04 10000110 00000100
ADD 05 10001011 - 00000101

HLT . 00111110

({Orperand 59é<310$58?3) : SR

This prodram is loaded 1nto sequentizl memory locatxons
start1ns at memoru location 0.

. Address 16 Bits 7 Data 8 Bits
} o  0000000000000000 ’ 10000110 -
, ' * . 0000000000000001 00000100
= 00000000000000190 10001011
) 0000000000000011 00000101

oooooQoooooooxop R 00111110

- .

- To rup this PPOSPal the prodgram counter is set to z2ero
‘~and the HPU seauences Lhroush the PPOSP&&. : :

A The follou:ns Pases are a3 series of :llustrations that
shou MPU operatzon 3s the MPU seauences throush 3 rrodgram,
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-

Ruh'theﬂProgram

Fetch Cycle

Machine State No. 1

= 111
CALU TINST
DECODE
AND
- CONTROL -
n
s . IR .
PC oijiy......oooo Rl
‘wﬁﬁ 0000.......0000 {or
MEMORY .
Address : o Datg
_ ’ T N .
L";::: 00........ 000 | 10000110 N
, 00. % ...00F | 00000100 ' f
O0....s...010 | 10001011
oo.,.....;011‘“00000101‘
00........100 |. 00111110
00.....e.101 | 00000000

" The contents of the program counﬁer‘qye‘loédedfinto
the address register and placed on the address bus.-

'



214 .

Fetch Cycle

MPU f;;//’“\\ Machine State. No. 2

cc | . - )
ALU - ~ INST
L : | |- pECODE
, | o AP AND
CONTROL
A
IR
- “ .
. KR {9000, ... .3 .0000 ' 1000011 0O/pR
MEMORY )
_ Address ) + Datd
. L——:::J 00,.......000 | 10000110
L 1'00........001:] ooo00100 -
0n........010 |. 10001011 |
00....%...011 | 00000101 |
" * 00.....-..100 ' 00111110 -
B . OO. n.‘:oooaolol R 00000000 .
_ X

fhe»coﬁtéht;'(inStruction) of the first‘éddress are
placed on the -data bus and read into the data register
; " e _

-

N
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Fetch Cycle

MPU - Machine state No. 3

c'C ‘ | |
11t
ALU ' INST
DECODE
AND
CONTROL

Co - +710000110{1R

PC j0000.......00L

KR | - 1. |1o00600110DR
-  MEMORY
Address . Data
00........000 | 10000110

00....5...001 [ 00000100

00........010 | 10001011

B 00,.0.....011 | 60000101
00........100 | 00111110
00....+72.101 | 00000000

The instruction in the data register is transfered to
~ the instruction register for instruction decode and executlon

~ The program counter is incremented by 1 : o
This completes the fetch cycle.
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Execute Cycle

-

' , B ' ' Machine state No. 1
MPU \\w o ) 3 :

cCC | | . :
ottt

, ALU INST

| DECODE

AND
* CONTROL

IR

_PC Q,OO.OOIOOoonOOI

~
& : .
& ' .

KR 0000.0..0.9001 DR
MEMORY
Address - Dat#
00........000 | 10000110 - "
1 00........001 | 00000100 N

00u.ee:...010 | 10001011

00........011 | 00000101

00.....00..100 | 00111110

00...+.2+.101 | 00000000

P - = 2 ) L \

The contents of the program counter are loaded into - -
the address register and then placed on the address bus
o

.0‘1
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Execute Cycle

o

MPU : . L -Machine éfate No, 2

ce . | k E | .11 T‘ r

ALU c INST
| DECODE
, AND
— . CONTROL
: IR
P
ar | 0000.......001 | 0000010 O0|pg-
| - ‘ 7Y
~ _ MEMORY
_ Address Data -
. 00, ccucns oo | 10000110
'1j__:::> 00..... ...001 | ooooo1l00

000 eoeeee.010 | 10001011

. 00' senaeags .011 00000101 w
00........100 | 00111110

1 00..0e0ese101°] 00000000

' The contents (operand) of the selected address are
placed on the data bus and. read into the data register
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Execute Cyclé¥ﬁ3 

MFU i Machine state No. 3

et

c¢C

;fng T AKMQ!

ALU | INST

DECODE
AND
CONTROL

A 00000100

IR

rc |0000...7. . .010

RS

s . T fen

|l o 000001 00|DR

-
s
N e
oA =

g MEMORY

' Address . ™ Data
+}#00........000 | 10000110

00........001 | 00000100 B

00........010 | 10001011

00, .......011 | 00000161

00..00042.10071.-00111110

06...;....101 00000000 | .

Fog

Ha

. The contents {(operand) of” the data reglster areyﬂgﬁ
transferred to the accumulator.
The program counter is incremented by h S

%

[ R
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Fetch Cycle

MPU Machine state No, 1

~——

St

INST
oo ~ DECODE
\ : AND

Ta ! ~  CONTROL

/

; —
0000100

16000.......010

IR

00 .nnn.e 0FL

10001011
00000101

ao T : (
= ool 00.....5..100 | 001111107
- g J . 00Jass0es10I | 00000000
- - N R

. . _— . %
] v L i N
i
g o 3
B . %,
[ “
R . .
* o,
N =T W

. The ‘contents

e w W

¥

) .

o~

N

N D

T

N

o /\ KR 0000. X ; . .010 o ) DR atd
. MEMORY -
Address 'y “ Data N
00........000 | 10000130 |
) = 00...4:...001 | 00000106 |~
e ” OOOIOI..;OO.O].O

.ofgihé_program coﬁnter.are loaded” snto
theyaddress register and.then placed on the address bus
T I < . : A - - « 3

W
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Fetch Cycle

K
Ratd

i o A B ine dtate No. 2
MPU 4 Y > .Ma chine stag-:— o) @ )

'&MC:C’ ‘ _'ﬁ Q’EgA q T T ;?;

INST
DECODE i
AND -

CONTROL

S

=4
T
4

Jw ‘ X o ) ‘ :
< - _ PR RS p i - \
‘ (3

AR(0000,,.....010 |~ © 7 - [:000320112fBR |+

: N~ A
-MEﬁOR& | .f?}._?"_ ¢f~;%l< B

<~ Address ) A:Dat_i;_‘a? /

00...2....000 10000110

o " loo........001 | oooooroo

00ee.....5010 | 10001011

00..:0....011 00000101 -
W

.oo........loox 00111110 .

_oo........101 00000000 -

o

The contents (instruction) of the selected address .
is placed on the data bus and read. into “the data- register

& o .. . 5 -

. &
. .z{',' ] ‘%
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Fetch Cycle ,

MPU Machine state’ No . 3

A'LYU

e

INST
DECODE
AND
CONTROL

&

- PC |0000,......011

000060100

01 0:11

IR

- AR 1000101 1pg
5 ’ ’ am 4 =
. ¢ 3%
N MEFORY . &
Address;- Dats
. 00,..... .-000 | 100G0110" - s
00........001 | 00000100

10001011

000.0.0...010

00, eree. 011

00000101”

000 [ X EE XX .’IOG

00111118\-

1 00 0 0eieaalOl

00000006 A

: I \/s
pféﬁ*?%& o

T KA

+ The instructlon in the data register iSftrénsferred
to the instruction register for instruction ,decode. -and
The 'program ,counter is incremented by l
This completes the fetch éyclb.. s

control
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Execute Cycle

MPU” ‘gé : - Machiﬁe state No..l

‘- . \
o )

r

f g 111
. ALU I~ g INST
: - DECODE

| | AND
. » I _.CONTROL

A looooo1o0o0

IR

Pc 0000. e o0 'Oll

U

" AR .0000.......,011 - | _ ) l . DR

~  MEMORY - e
Address - . . Data N

| ey ] NN " QQ .
. 00, .0eeas. 000 _10000110 7 :

00........001 | 00000100

T | . 00.. RN R ) .‘.010 ’ 10001011 - ] s . . .
‘ a_i::> 00..v.....011 | 00000101 :

ooo 'o".'; oo ..100 ) 0011},}10 . '- - LT

004200002101 |- 00000000

N

, -
¢

" The contents of the program counter are loaded into’
. the address register and then placed on the address bus.

”
LA
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Execute Cycle

MPU o ‘ . Machine state No. 2
= 111
CALU S INST
DECODE
AND
7 CONTROL
A 000060100 ‘
R
PO 3
AR{0000.......010° | ~  fooo00010,lp
| — —
. MEMORY :
' Address . Data
00., ... .000 | 10000110 1 v
00........001 | 00000100
004....2.2.010 | 10001011
00....:..-.011 | 00000101
00..c.0.0..100 {-00111110
00..0s.0+.101 | 00000000

Thé contents (operandﬁ of the selected address are

placed on the data bus and read into the data register.

o

=

h;
L\, .

¢
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Execute Cycie

k4

The contents of the data register are loaded into the ALU

000, canees011

" 00000101

- 00.‘¢ 00 ° ...160

00111110

00, . neee 101

00000000

)

f/,

The contents of. the accumu ator are loaded into the ALU
The - program counter i's incremented , :

o

’

MPU ;///JAVﬁachine state NO.IB.
‘. 11
ALU < ) : INST -
SR DECODE
, 5 ne AND
: .("\ : . CONTROL
A |oooo00100|
_ - : o
rc |0000,......100
- :
AR [ 0000010 LDR
o © MEMORY | P "
, © Address " Data :
L . 00........000 | 10000110
o .00........001 | 00000100
\'/] E OO. es s 0 e o. .010 10001011
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*

Execute Cycle . L
MPU : : ' ' ’ Maphihe state }No. 34
. , ) _
cc . | W
, FER:
T ALTU | . INST
' . ‘DECODE
AND
. ‘ ‘ CONTROL
. A 00001001 .
| ' IR
i_PC, .
AR = ' | T - g
| | N
MEMORY,
° ,Addresst‘ baté

00, ,......000 | 10000110
00........001 | 00000100

00........010 | 10001011
' =74

00 .0000..011 06000101_”
00........100] 00111110

00...¢.0e.101 | 00000000

.. \-\

L " The ‘sum of the accumulator and ‘the data reglster
are ‘loaded into the accumulator.
o This is the end of the execute cycle.

.4

1Y
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‘Fetch Cycle

MPU. ‘ ' T Machine state No. 1
. R A \

.C C. S ’
' ’ ALU - INST
- : DECODE
: ) ' ' AND
CONTROL

n 0oo0o001I001|

R

PC OdOQ.oooutoloo

- i o
I
) .
e . . S
- ) . ‘ R i 0 .
] : . - v

&R {_0000.......100 | ' DR
~ MEMORY
_ Address ' ‘Date
00,.......000 | 10000110
00.7......001 | 00000100
00seeee...010 | 10001011
00..0s.0..011 | 00000101 ‘

,__;::*‘oo..;,;...loo 00111110 )

00...0.+0.101 | 00000000 -

Thé'cdntents of‘ﬁhefprOgram-counter,are‘loaded into
the address register and then placed on the address bus.-

*

N
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*Fetch Cycle-

MPU : . . behinétstate No. 2

. c.c . ’ . . o

— 1 1T
] : ALU CL INST .
' ' : ’ DECODE -
AND - .
CONTROL

A Jlooo0o0o1001

IR

AR|0000.......200 | o011 T11 0|

. "MEMORY |
S F N
Address = Data. N
- 00 c.....000 | 10000110 .
00........001" | 00000100 .
00cesze...010 | 10001011 o
00.ve.....011 | 00000101
00...0....100 | 00111110
" 00..ve0ee.101 | D0000000

The contents (instructioh) of the selected ‘address.

_ére‘placed on the data bus and read into the data'register.w l‘

+

. o o 4/f
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AFetéﬁ‘Cycléﬁ

'MPU°‘//' ' | B thhiqewstqﬁe Noﬁu3>5

£ | T T T

ALU INST:.
4 DECODE

%

: AND
CONTROL

. a+ . [ooo0p1001f 7 3@;r”1
- L R %0 0111110}IR
t A 0000. ..00--0101 )

Y L

AR o 00111110/

" MEMORY

Addressl . Data

00........000 | 10000110

o« |o0........001 | 00000160

00,.......010 | 10001011

-

00......:.011 | 00000101

00........100 ] 00111110 ’
- 00....0...101 | 00000000

N

4 The instructzon in the data register is transferred
_into the -instruction register for instruction decode and
'f=_- execution._ The program counter. is incremented -

N
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Execute Cycle

MPU o . Machiné‘state No. 1

¢ C ' B o ~:
' (IR
~’) . ALU g INST
DECODE

K | - AND
: . CONTROL,

A |00001001

1R

AR’ . ‘ . . ’ A B ) v .' DR

- MEMORY

Adareas o ‘ Datg-

00, ¢ .eenn. 000 | 10000110 -
00........001 | ooooolo0 |+

00ueeees..010 | 10001011

00.e2ee..2011" 00066101 e .;”f,'
00......4.100 00111110 :

1 00.iubesea101 | 0OOOOOOD [ o

- . The control stops producing control signals
' all computer Operation ‘stops.
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Learnxns Actxvzts A4

Fetch/Execute using Zero Pase Addressxns
« _
The Frodram in the rrevious illustration used the

immediate made of addressind. That is the orerand was

located in the address following the instruction.
, A

Another common method .of addressing is direct or zero
Pase/addreééins. In zero padge addressinds the address of
thecbﬁerand is contained in the second bute of the

instruction.

This address must be beluween 00 Hex and FF .hex.

t
b

The following prodram uses zerd page addressing!

Mnémonic‘code Address LSH Oreration code Address LSB

of the orerand : : of the or—nd
LDA . o7 . 10010110 00000111
ADD . 08 10011011 - - 00001000 °

CHLT . | © - 00111110

In wordss the contents of menors location 07 uill be
«loaded into the accumulator and the contents of tenors _
lacation 08 will be added to the contents of the

accung}ator.AThé result will be stored in the accumulator,

The follouxns r3des are a series of iilustrations that
3shou MPU operatxon as the HPU seeuences throush 3 pProgran

_*usxns zero rade addressxns.
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I Run the Program

Fetch Cycle

. MPU - , Machine state No. 1

- ALU | INST
~ g S : DECODE
AND
CONTROL

IR

pe | 0000......:000

‘ S

* AR'|_0000,.,....000] A | IR

2 P

MEMORY

= igAAddress - Data

Z . | ' | | 3 00..;.:.1.001 00000111:

00....,...000 | 10010110

~1.00.22,....010 | 10011011

| | A | 00........011 | 00001000

T S 00........100 | 00111110

S ] ' |.90...es...101 | 00000000
IR \’,,// B ] 00........110 | 00000000

; T v ' o ' . ’ 00;;0-;.00111 00000100
S ~ | oo.......1000 | oooool0l

 The conteqﬁs of the PC are bﬁtAcﬁ~th§ addfess bps{

)

N

Pt
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k:t/)/// _ _Fetch Cycle

© MFU B _ Machine state No. 2

.CC . | . o | ".;,
i

ALTU INST

- DECODE

AND &
 CONTROL

~

11R

e e

AR | 0000.......000 { - * 1-0 01.0 1 10fDR
- Bl T ’ ‘ . ’ “ ° t. /\ o

r

ET T R

q};"' . e

MEMORY

L ‘ \ ; N'N~j Address ‘Data ' VI
w e L’f:::Jfoo.;..;;..ooo 10010140 S

“00........001 00066111

")
R

- 00....,...010 | To011011 & |

_oo.i.....;011. 00001600

W] 00ieun.aa100 | GO1I1I20 | e

00040005100 50000000
| 00....v.a.126 °|* 00000000 C
SR - ¢_'j'.oo.‘...;..111 00000100 | '
o 00.... . ...1000 00000101

, ‘The contents (1hstructlon) -of the first address are
laced on the data bus and read into thg address reglster.

i~

N4 . . - S . -~ . '.{—_-/
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MPU

"Fetch Cycle

Machine state No.'3

N

23 KR

ALU

»

10000, 1vy . 001

e

A

ND

INST -
DECODE

CONTROL -

A

100

1

0110

AN

IR

%

lroo0

10711 0|bR

o

b Ul

MEMORY . _

 Data

'Address .

10030110

00, , .. . . 000

000.1_0- 50-001

0000011

. 00-00-;06’;‘5010

10011011

00.0.....0'01,1

00001060

'AOO...-..-nIOO

'001111104

| ooooooooi

0004100.01101

00....’...110

600000001

oo.‘.'...'lll

1 ‘ooooo100

'00...‘...1000.

- 00000101

e s
R RV
oS e
i
»,
LA
o E .
S .
ag
&
Ly a
L 3 -
s &
@™
. -
-
ilg 4

e

- The instruction in. the data register is transferred to
. the instruction reglsten.for instruction: decode and executlon
. - ‘The* program counter is incremented. ’ _

This complétes the fetch cycle. ‘

i

Qe .
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.;.fﬁxecute$0ycle

MPU .

‘Machine state No.

00.0000001000

00000101

a “5)“"‘

cc - J o
- . T 1 T
ALU J TNST ' .
o , DECODE
| - awp: ”
. AP CONTROL 9
A < ) g ' 7
r
pc | 0000.-......001 * ‘ e
AR| 0000, 4.,..001 o . ) S
: . ~ | [
~o MEMORY . Lo F
- . - ¥ ¢
: ) Address o Dete P
b Lo0.......000 | 10020110 T
| ; _-D OO.‘.n PP 0001 ’ OOOOOIHJ .A- ’ 3' 4
: 00.:......010 | 10011011 U
00,...%:..011 | ooobroea - [0 .
“ 1 00........100 } oor11130 | -
< y r, L o - : ' ¢ j Lo .
. ’ 00.. ; . o8 @ .]»01'J b 00000000 . >x. 4
e }x>"a..f 111“‘ 00000100

'The contents of the PCxis placed on the addresa bﬂs.,

r.

1
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4
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N
HH
BY
%
i
LA
4
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Y
PO
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'
1
4.
a3

5, *.
«
& : .
v _D
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R
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e
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*
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o Execute Cycle
" MPU * Machine state:No., 2
3 - ', s =
€ C 1 foT
. ALU ‘ “InsT |
DECODE -
: " AND
" N CONTROL
.- . i . .
. . \ - « JIR
. PC - | - A * \ *X .
‘AR |.6000.......001 “ looooo111lor
E ] v : q . '
s } ~ ‘*

MEMORY

ADeta,

. Address

3

00, ci s

00........000

...001

10610110
00000111

00...;1;..oio~
'.Ooc.a¢...a011,‘

10011011 __
00001000 _

oo'.'.”b.’loo

00111110

675000003

00, veseeelO)

oo." [ X J .‘.‘ » .l}o

00000000

_oo;....;;.111.

00000100

- oo.......lom'

700000101.

.
%

N

%

The contents (sddress LSB) of the selected ahdress
are placed on the data bus and read’

Y

into the data register

<
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ExeCuteﬂqule'

Machine state No. 3

c < .
— | P11
ALU INST .
| - DECODE -
. AND -
R CONTROL
e T w
. PC
. < D 1 —
_jﬁRt QQ.,.;.f.lll 00000211 1|prR
- MEMORY | )
' - Address ‘Data
N 00, . 0e0..000 | 10010110 | .
ﬁf_'oq;.....l;Ooi’ 00000111 _
e e 10011011
.00001000 .
oo.;....z.Ioo f. 00111110 ,
00........101 00000000
o-A ) 00,.....-- llo 00000000 "
00e.......111 | 00000100
00....:..1000 | 00000101 -

The contents (address LSB) ‘of the. data register are
. read into the address register and placed on the address .
\\ “bus. : .
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MPU

Execute Cycle

237

:Machine state No.

AR

ALU

']

OOOO. I XEEE) olll '

111

INST
DECODE
" "AND

-

CONTROL

00000100

DR

MEMORY

(]

Dats

Address
7 —
rd
\‘\

'10010110

00........000

- - 00. - /v 00 ‘- - .001

00000111,

1001011

. 00.;;...;.016'

0000&000

00..000c..011

00........100 | 00111110 .

0040oeevevrl101

00060000 |

00000000

400 e 110

LA ooseisian

_00000100“

00.......1000

00000101

The contents (Operand) is placed on the data bus |

“and read 1nto the daga register.

.2‘\..
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Execute_Cycie ,

MPU - E - Machine state:No. 5

CC . | y |
— 1 -t 11
| ALU INST
: DECODE * -
| AND ,
e CONTROL

- A 00000100 .

IR

B Pc 0000..-0;'0.010.

le=l_ . | [cooo0o1o0gm

MEMORY

Address o Data.

foo;;;.;...ooo‘ 10010110 |-

Joo........001 | oeoociil

00t s dees010 | 100110125}
180;....;..011 000C.1000

oo........loo' 00111110

00, 1 0s0esalOl 00000000
‘0001 0e0eessllO” oooooooo
~bb..;:....111f 00000100

. ¥

’oo.......looo 00000101

The contents of the Data Register are transferred to
-the accumulator, . : : Do
The PQ is 1ncrementqd ) ' _ PR A




a are transferred to the data redister.
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To comrlete the rrogram Lhe MPU must seaueﬁée through

_thi/followins: ' o ¥ -
Fetch
0000000~

1 The contents of the eprodram counter (0000
10) are rlaced on the address bus. :

,‘2 The contents (opcode) of the selected address are: .
transferred to the data registers . , “&
O Iy o

3 The contents of the dats register are transferred to
the instruction redister for instruction decode and
execution, The frodram counter is incremented.

Execute .

_ 1 The contents of the program coum.er (oooooooooooooo—
11) are placed on the address bus./

.{_}

2 The contents (deress t.SB) of the selected address

3 The contents ( address -LSB) of the data reSxéter ébé
transferred to the &ddress redgister. The address contained
in the ad ess reslster is Placed on the address bus. .

4 Th contents (operand) of the selected address is -
transfer ed to the data resxster. "

5 The ents af the data re31ster are transfered to ’
“the Arithmetic Logic Unit. The ALU adds the contents of Lhe
,accumulator and the data redgister. and slores the result in-

. the accumulator. The Prosran counter is incremented,

.. The Prosnan w111 fetch_and execute‘the‘HLTaineruction:

‘as- before,
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<  Learning Activity AS

A Sumbolic method to illustrate nicrocomputer‘opeﬁation

o

Sumbols have been devised so that we can illustrate
microcomputer oreration in & shorter forms theuw arel

~~~~~~~~~~ > Date transfer
{==——-=—==> .Data exchande
R ) Contents of 3 redister
L  ADDR 1 Memory location address
(L ADIR 1) Contents of 2 memoru location address .
MA Address pointed to by the address resgister

Example (PC).——-——7——> AR ubuld reprresent. the transfer
of the rprodram counter)into the memoru address redister. . .

——

The instruction fetch cucle could be represented ast

State 1 (PC) ~——~- > AR -
State 2 . (L MA 1) --~-> DR
State 3° - (DR) --——--> IR .

] (PCH1 -——=> PC "~

‘ Compare the
- for the fetch cucle

Instruction .execution (immediate addressing)

State 1 - (PC) - —=mm—m > AR- "

State 2 (L MA 1) ———-> DR . ‘ }
X State 3 - (DR} ~———- > Acec
. (PCH1 ——=> PL

&

Instruction execution using zero rade addressinsg.

"State 1 (PC) —m——m > AR

State 2 (C MA 3) -——-> DR
State 3 {DR) --~---=> AR

(PCI1 -—-—=> PC
Contents of the data resister are
Lransferred to the LSB of the address register and rlaced
-on the address bus. The program counter is.incre-onted.
" Siate 4 (C MA 1) ——-> DR :
State 5 . {DR) -~—--=> Acc -

*
¢ .

Comrare the above aethod to the previous illustrations
showindg the MPU seauence for execute usins zZero rase
A'addressxns. : A

ve method to the prewvious illustrations:
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L " Learning Activity A6

Introduction to the STA (s(dre)vinstruction-usins zero
rage addressing and sumbolic. notation. -

. Mnemonic Code Operatioff code

Store the accumulator at k-3 I ~ . 10010111
the address determined .

by the contents of the , '
next location - - » - - .

Fetch |
‘State 1 " (PC) ~=———> AR
" State 2 (L MA 1) ———=> DR -
. State 3 ~ (BR) =--==> IR
" (PCH1 --~-> PC
. Execute A
State 1 . (PC) ——==> AR
State 2 (L MA 1) -—-=> DR
State 3 (DR} -—-—=> &R

‘ ’ (PCH1 ~——=> PC N -

: T Contents of ‘the data redgister are placed

on Lhe address bus via- the address redister, '
State 4 (4) ~~—- > DR

' Contents of the accuaulator are
transfered to the data redgister .

State S 7 (DR) ————- > [ AR 1
. The contents. of the data resister are
‘Lransferred to the address srebxfxed bs thp nenors address
redister, y .

This‘conplétes’séyf«introd§§§ion'Lo fep#h/executg
,oPenationibflthe’-ich;POQQSSOP.'The nexizsection involvei.
8 reél nicﬁBcdnéhtér. You. uzll be asked to Perfora 3 series
of operatzons. These are desxgned to Leach wou npu‘gg 'E'M

3.'operation as uell 8s the HPU xnstruction set.

[}
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B A Real Computer

Advanced Interactive Computer QIH 65

The AIN 65 Instruction set

AINM 65 addressins Modes

AIM 645 Course ObJectives

Writing and Executxns the AND Prosran on the AIH 65
OR ¢ IMMEDIATE) . y

Zero Page Addressing

' OR Zero Page Addressing

ADC (Addition) .

SBC (Subtract1on)
“Prxntins out the result of an Addition
Input Data frou the Kesboard
1/0 '4 vf Q_ -
- 15 Instruction Entrs (1) nigasséi51s (K)
Usind inpul and outpsl POPts»
The ALM 65 as an AND gate
‘AIN 65 leulatins logic Gates f
Subroutines g o
Stack | "‘5 . T

The Traffic Light Problem  §

Simulation of 3 ﬂonostable Hultxvxbrator

Sinulatxon of 3 D Latchg _

Simulation of a BCD to 7 Ses-ent necoder'

Rorduare lnterrupts o o o -

Brozk ‘ . ’ -

- Interrurtls using théAvlﬁ‘"

60.ruter 38 3 Shirt Resister
alcr- PrOSra.' .

Bell Pro:ra-
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Learning Activits Bl
- AIM 65 Course'ObJectivqs

‘Iﬁ order to demonstrate hgu the AIM 65 works we will
" write 3 number of ébosramsvusins the maég{?e instr@ctiOﬂs
“and initialluy only immediate and zero rade address:ns.;
These FrOgrams are des:Sned to. “jl_ o “{ :gf
1) sze Bou eyper1ence in usindg the conPuter.

2} Fam111ar12e sou uzth the axn 63 1n;truct10n set.
3) Develop skill in converting 1nstruct10ns (sxven in’ :
'mnemnnlc code) to opcode (nachlne code ). N
._A4) lee HOou. exrerience in wr1t1n5 machlne level Prosrams.
“5) Develop skzll in using the extensxve QIH 65 operatzns
~sustem. ;{ ) | ‘.
i‘é) Develor 5K1lls in 1nterfac1ns the AIM 65 uxth the real}‘
,world. |

e
-

7D Help you unde

"Ydu will réeﬁibé the fdllouihs:' o -
‘. The. 6502 1nstructzon sets part of’ the ﬁlﬁ 65 1nstruct10n
set, See also leainips aetieits B3 and B4, -
-_AIM{@S ﬁxerocouputer. N ' ‘ )

AIM 63 manitor Prodgram lxstxns. o ) T

- . AIM 65 users 5uxde.

‘R 6500 -icrocoaputer ssste- harduare nanual.

R. 6500 microconputer ssste- PrOSrauuins -anual.

s \

—a block dJ.asran of t.he Am -is included t.o uiust.rat.e'

the relatlonship betueen the dlfferent Parts bf the

mzcrocomputer. See fisure SO o -



ASSEMBLER
~ (option)

—~ - Port A

BASIC
g ‘_('option_) '

6522 .
ViAo

 Port B .

" ROM

. 6522 -
VIA

 Printer
Cassette
TTY

6532
- RIOT ¥

u Keyboard

Address, Data, Control

6520
PIA

Display

- 6502 GPU

x S

--"1;

Block diagram AIM 65

\/

ez
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Learning Activity B2

Advanced Interactxve Computer
Rockuwell AIM 65

The AIM 65 is a complete seneral PUPPOSE nzcroconputer
featuring advanced harduare 3nd softuare.

The heart of the AIM 65 is the 6502 microrrocessor. The
cycle time (1 microsecond) of the 6502 is controlled bu 3 4

. Mhz crsstal.

- The computér contains 2 full Kewboards Lwenty character
disrlay moduley two softuware controlled 170 rorts and =

.twenty character on board erinter. In addition it is switch
selecgable to orerate 3 TTY, -

An 8K ROM is ,included in the sustems. this provides
rouwerful softuware features that allow wou to enter &nd -
debud rrodrams from the Kewboard. In addztxon 4K RAM
.workspace is eprovided for Lhe user,

Other 4500 devices in the AIN &5 ére.'eszo’Perxpheral
Interface Adarter (PIA) for the disrlaws 6532 RAN- 1/0 Timer
for the Keuboaprd interfacer and the Versatile Interface
Adarter (VIA)Y for. interface ulth the rea; world,

Although the AIM 45 is an 1deal educatlonal sssten 1t

is 3 full fledded comPuter wlth rover Lo handle any of the
f0110w1ns.A -

4

1 Factory data collectxon term1nal
2 Integrzted circuit tester o
3 Automatic servige monitor - 7
4 Process control C
3 Motor control
6 Navigation calculator

., The list can be vers extensxve.=

Lo

‘To_use the AIM 65, sihélu Suitéh Qn'the'co-Puleb and it

will -cucle throosh 2 reset and print out ROCKWELL AIM 65 on

the printer and the diserlay. To switch the erinter off or

" on simpluy press CTRL/PRINTs truy ity the dxspxas uill

1nd1cate the condition of the printer. o <

LR

-

'(CTRPfggggi{Eeang'pness‘both'xéss 3L the saae tise)

»

e -
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Lg@rnzns Act1v1ts B3

. The AIN 65 Instruction Set

The rFower of the AIM comes from 1t’s exteng1ve
1nstruction set comblned uxth an extensive set of =

T addressindg modes.,

AR

The following is the Machine instructions set for the - ‘

¢
(S

AIM 45 with 3 brief exrlanation of Aheir function:

e

MACHINE INSYRUCTIONS

. R <4 .
. B . ‘ N
~ FA . syl

; PRORS
v / . - . s

ADC Add memorwu_to accumulator with carfu

AND AND memors with asccumulator . - st
ASL Sh1ft left one bzt (menors or accumulator)

) BBCJ%Pancb on carry clear-
" BSC~Branch on carry sel i
BEQ Branch on resuli zero ~_* S .
- BIT Test bits in memoru with accumulator e
el ' = © BMI Branch on result minus ° .
: ENE Branch on result not zero . _ i : :
BPL Branch on result not Plus ' L A
* BRK Force break ST . '
BVC Branch on overflou clear S
BVUS Branch on overflow set

el : " CLC Clear carry flag . : : -

; ' "~ .CLD Clear decimal mode ~ .+ - S
“CLI Clear interruet disable- bit ) B
'CLV Clear overflow flag " : :
CMP Compare memory and accumulator. -
CPX Comrare memory and index x redister . -
cPY Couaare_denqrs and index v redister

‘”DEC Decrenent memory bs one i ‘
: - DEX Decrement index % register by .one
v 2 7 DEY Decrement index 9 reaister by one

‘‘‘‘‘‘

L4 EOR Exclusive-OR memors with accusulator

i




X Increment index » redister by one " * %
ngincrement index 4 redister by one : 2
e JMP Jume to new location (return addruss not saved)
JSR Jume Lo new location (return address saved)~ B
I .
“LDA Load accum{tlator with memory. :
@;LDX Load index|x redister with -enors .
- LIY Load index 'y redister with memory & '
LSR Shift right ane bit (lehoru or accululator)
-y " . A . o
NOP,NQ oreration . )
" ORA ﬁF‘mégbrs with accumulator = 7 ¥ .
" PHA Push accumulator on stack - .
©.  PHP Push rrocessor status . on stack SN 8
i - PLA Puly accumulator from.slack~" T . £
- PLPhgull rrocessor status fro- stack - R
. RDL Rotate one bit left (memoru or accumulator) 2
B ROR - Rotate  one bit right (semory or accumulator)
~RTI Re$urn from interrurt : .
RTS Return fron subrout1ne e -
— N S : s :“ ,~ o
T -SBC. Sublract memory teom accu-ulator with borrou;,z .
SEC. Sét“can\g»flas A .
: SED Set decimsal mode. :
SEI Set interrurt disable siatus
STA Store ‘accusulator in.memohs i
. STX Store index x resxsterAAn menory
_STY Store index 9 redgister in memory -
TAX. Transfer accusulator to index x register” )
—TAY Transfer accumulator to index u redister
TXA Transfer index x redister to accunulaypr
TSX Transfer stack pointer Lo index x redgister -
.. . YX8 Transfer index x resister to stack rointer. . )
o TYAJIransfer'index & resister to: accunulator v*f S

a7 .

. o

‘Increment memory by one




;Vto determ1ne the-offset.

' accumulator.

. "byte Is an offsat fron the Program counter'

'Wﬁbéoidte'IﬁdiFécthThis?is s thrée bute instr
~exglgs{vels “ith{the §"P’instructioq:

21,8 ‘
Learn1ns Actlvity B4 -

AIM 65 Addreggins Hodes

{

"The fOllowins abe the addressins mﬁdés fo; the AIM 65 ..
.oy

w:th 3 brzef eyplan3t1on of thexr funct1oh; This course

u111 conce trate on the first Seven..

ADDRESSING MODES ST S>, L

3

IMM —Immed1ate addressind- The operand is contained in the

second part of the instruct1on. Lo

. S
e

oy A"

ABS -Absolute addressxns~ The second bute of-the -~

dnstruction contains the 8 low order bits of ihe- effectxve
address, The third buste contazns the 8 hish order bits of

the effectlve address, - ‘ o -

Qa-;?

_ Z Page: -Zero pase addressxns—»Second)bste contains the 8

‘low order bits of the effectlve address. The 8 hidh order

,'blts are zerao. L 21 -
. . * . - ' . ' < ‘ ‘
~Accumulator- One bute 1nstruction aff’éiiﬁs=the e

P .t
1

B

CINP -Implied adﬁressxns-ane bste 1nstructi ffgctins '

regzstens in> the HPU.- } .
e T ; N

e -

RELe - Relatxve addressing- Tuo bste\instru tiohs the second
_.t deteraines

L

‘v-‘\a-

- #
L;bn‘hsed

low order bute of the eff-g

gge address. The hish order
bgte of the effective av«

B is all zeros. o _ "

N . -
Lo s . . )

S
2

\ e /"'_ k/

.12 PagersX -Z PasevY -Zero Jpade indexed- The second bute of _
the instruction is added®lo Whe index register Lo form.the

T

-----

& -

o

X

Z};

o

o
4

v
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!
1
i .
|
;
i
H
I
3

Py

El

~ location i¢ added to the ndeéxy the result being the: low

order 8 bits’ of\the eff ctivqtzgpress. The carry from this
.greration-j

.

. ° % ) : o : Lo
 INIY -Indirect Indexed-The second buste of the instruction

- r. hd

ﬁBS;X QBSyY —Absolute indexed- The effective address is

formed by adding the index to the second and third bste of
the 1nstruct1on.

INXs X —INBEXED INDIRECT-THe second bute of the 1ns£ruct1on .

is added to the X “inde®. The resuli points to 3 location on
rage zero which contains the low order 8 bits of the
effective address. The next bute coﬁlains the 8 hish order
bits,

> %
",

“roints to @ location in rade zero. The contents of this

added to the contefts of the neéxi rade zero
locations (the result bernsétheva high order bits of the

“effectxve ad iy
H ~
3 - < ~
A4 EL)
r - N
‘ -
o v - R
Ca =
N
N "3
- "
.
S A
. ) =
o . ‘
e . N 4
‘,n T . -
< . -
] N -
- .
*
u . .9
5 .
. -
s i
-
o ¥
5
N > - <
3 e e ° -
. M . A
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. -
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-~ v
: - g
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. P e b e
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- ~. e r ‘
-y 2 oo .
b . B
- i " -~ "
, ' - - _
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~ Learning Activity BS-

Writing and Executing the‘aNﬁ'Proéran on the AIM 65

ObJective! To uriie and execute 8 prodram on.the QIH 63,

A Frodgram is a3 detazled lxst -of instructions Lhat tell"
the m1croprocessor what to do ster by ster,

-~

. The Program is usualls-ur;tten(in ‘sssembly language .
firsty using mnemonicss .then disassembled to get the

computer orcode and data,

The opcéde and data in Hex (converted Lo binary by the
comFuter ‘software) is entered into the compu ter memory in

- geguential memorg locatxons.

Follou:ns is an eyanple of a Pr03ram urztten i
assembler landuades disassembled to 0pcode angd dat

result in = third word. Unless otheru:se 1nd1cated
:numbers are heyadecimal. : o

N . , ' N : {
‘Assembler Comments - ' .
qusram
Lha ¥17 . Load the sccumulator in- the immediate mode
" AND 305 - ANDB the accumulator in. the immediste mode
STA 08 . Store the result .in memors location 08, this
L e instruction uses zero rade addressxns e
BRK a - Stop PPDSram execut1on ! . -

«
~

Use Lhe 6502 1nstruct10n sel Lo verxfg the follou1ns
opcode.

Lna . - ,A9 .:' “y o - .

AND - 29 - o ‘

STA 85 . »

BRK 00 o T e

Assembled " Disassembled
. Prodram " Prodram L

LDA #17 A9 .

) ‘ 17

AND $05 - 29 o _ , A
Lo 05 - C e . s

sSTA 08 . 85 S g g R .

08 X . . : " »

BRK . .00
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lLoadg the Frodram into’ seeuent1al memory locations
starting at memory location 0.,° o

Press (in'seeuenee) ESC " M 0 Return

This sequence will cause Lhe bottom four -elors locatzons f
to be disrlaved, :

Press / to chandge memory contents.

. Enter (in seauence) a9 . 17 29. . 05 /{to continue)

‘85 08 00 Re&urn o v
Fress H,‘ 0 . Return
. - L . . . o ._‘\ A .
Check that memory corresronds to! . v
Y 4 . . o - . )
0Q00 A9 E - L o
0001 - 17 . S - |
ooz 29 . R
0003 05 : .

{Press ‘srace bar for neyt set of -euor§ data) “
0004 85 i . R

0003 08 _ ' '. . . N

0006 00 : -

‘To set the progrsm-gounter Lo-zero .
Press  ESC X 0 - Return

To execute the prodram : T
o®ress 6 Return A C e

To chéck resultss .
Press M 08 Return

' Datz in memorwy location 0008
00010111 AND 00000101‘"

L2 2K 3K 2N 2 2% 2K 28 BN X RN J

ssresseseIL eSS
-

It the sbove are not eaual repeat. - BRI
~ Can sou explain uhs they should be eeual’

Revzeu the above PrOSra- vers carefulls. You will be asked
_to write uour own prodrams in the future. Be sure sou
understand and can execute this prodram. '
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-”‘Calculate the Or of the tuo words E.
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o Learning Activits Bé
OR (Immediate)

,
<. .

’ UbJectzve. To write and erecute 3 rrodram that wxll OR tvwo

computer uwords (numbers)._

: The method used to AND two uords in. BS can be. used to
.OR the same two words (17,05), '

1 Write a3 rrogram/in assembler lanﬁﬁaée:(usiny mnemonic
‘code) that will @R the contents of. tuo menors locations,

2 Disassemﬁle the code. Same method as thh AND.

"3 Load 1t in seauentlal memory locat1ons.

’ when enterlns code in memory you can ture. space for any

value dou uant to leave unchansed: again same method used
with AND, ‘ '

-

4 Execute the -Praodramr i.e. set PrOgram counter to zero ‘and

rress Gy adgain same method used with AND.

The mnemonic for OR ié-ORh,Tchdde_is 09,

Prodram LBA #17 ¥
- .+ " ORA 305 .
STA 08
BRK - -

«

. This is the rrogram for number 1 abovev now dzsasselblev
“lpad and eyeeute. “

—ty o —— v -

! ———— ———— ———

Computer OR of same tuo uords ' 73 K

If the above ansuers are not eaualy'do asain'

A

.

-,

o Consratulatxonsy gou have Just uritten gour fzrst Prodran
in machine gode._v ~




M

- The disaséembled Frosram is‘also,Shoun above,

_iLoad data (17505) into memory locatzons 00AD and OééEf“
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Learning Activitu B7

Zero Page Addressins

ObJective! To write and execute 3 progran u51n§ zero rade
addressing. :

Mnemonic codes that use the first Zgé'locatidné in

memory are said to use +ero pade addressindg. These are twown

bute instructions i.e. the first bute is an orcode and Lhe
-gecond bste is an .address, -

Examrle? LDA AD means load the accumulator ulth the

fcontents of memory locat1on 00AD (173 in decimal),

write'é prodram that will AND the contents of tuwo

- memors locations using zero sa3de addressindg.

.

Assembly ~ Brcode

Prodgram - -and Data
LtDA AD . . AS )
) . AD 4
AND AE - T 25 '
o - .. AE ! &k :
STA OF - - . 85 _ )

BRK PR 00

~

Use gour 6502 instruction set to check the opcode.
If sou have. 3 problem asK'for 2 demonstration'

Press ESC or. Reset j o A b

Press M . 00AD t |
Disrlay reads: 00AD — e— - -
To;indicate data in memors.locations AD;TAEr_AFbZBO '

To change data in AD to 17 and AE Lo 05«
Press [ 17 05 B RELQ?Q | e
. ) ' o A ) - " 1 ) . .

Load your AND PPOSPBmv startins at. tenors Iocation 0s check
memoryy eyecute. ‘

o w, ? ' o - R

.



o lmaHan

R N e

: " ) . .

¥

oo

e

e |

‘Data in memory location 00OF = e

00010111 AND 00000101 - = e

If the above answers are not eaual reresat!

You have Just comrleted an exercise using zero pade

sddressind,
conruter, '

¥
-
.
s ’
- \
"y
v
.
e
‘_‘_“_r: 4
s
.
V
B3
W
2
—
Kl
i -
e
s
. .
»
ka3
SN .
e ]
-
.
-
. i

Already uwou have extended the rower of the

SN

2 &
Y
14
2
A
o
<
- s
>
Ca
kS
& ~
N “
-
e
. s
»
.
‘ 4 ’
. ¥
2 . e X
- -~
. « ,r
- g

PO



'2) and store the result._;

>
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Learning Activitu RS
‘ iy |

- OR Zero Psge Addressing

ObJective? To write and execute a prodram that will OR two
computer words' (numbers). Use zero pade .
addressing., : O

erte and execute 3’ Program using zero ?ase addresszns
that uzll OR the" ‘same tuo words used in B7;

>

Opcode for 0K u51n5 LEPO‘PBSE addressxng is 0S.

Here is a chance for uou to re3113 show .sour stuff. Use
the last rrodram as. ER model. :

e

‘Summary .
: : Orcode s ‘ )
Mnemonic , - immediate .zero rade . inrlied
Lopa - : A9 - A3 -
AND .29 29
- ORA - ) : 09 . 05 )
STA , T - ’ 85

~BRK P ; K 00

e Learning Activftg-nﬁ"i
L Anc‘(additign3

4

Obdqgtive. To urlte and execute B\PPOSPBm that will add two

comPuter words (numbers).u,

Usrng 1nmed13te and zero PBSQ address1ns write 3

prodram that ullly‘

1) 3add 17 and 03

EE

_ Before an add (Mneaonic code ADC) or 1ubtr3ct (lne-onic §\\ *

code SBC) can be carried out the carrs fladg must be cleared
using 3 CLA instruction. This should be the: first
instruction in gour rrodram. In addition we will have to-
clear the decimal flag (mnemonic code CLB) to make sure our
addition takes Place,in binary and not BCD.
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Prodram in assembler landuade

cLc

CLD . '

LDA 0D - - . .

ADC OE : - . :

STA . OF : - . o .

BRK - . ' ' :

Orcode for CLC ‘ 18 ,
Orcode for CLD : - b8

Orcode for ADC(zero Fage) 65

L

Digszssemble and load the mach1ne code prodram 1nto
seauential memorw locations starting at 0000. Use the.

“memory chande funclion (/) to load 17 into memoru location

000D and 05 inio memory location 00OE. ,

secute wour Program.

The resdlts will be contsined in memory location 00OF,

- Comrare your results with normal addition.

b

"Léarnins Activity B10

SBC fSubtraction)

",ObJect1ve. To urlte and execute a PrOSram that uill

subtract two numbers. TQ N

-

Write ang eyecute - Prosran to subtract the Luo nu-bcrs (17
-and 035 Hex).

' ComPare results w1th nornal subtractzon.

SBC is nnemon1c for subtract. uhat is’ the opcode?

Use the Programn 4ou urote in- B9 as - nodel.

K
— Bl
a -

’
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Y

" Disasembled Prosban'

7Press CTRL/PRINT: to turn the Printer one.

r
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Learnins_aetivits B1i

Printing out,thE“result'o? an addition

ObJectivef To be able to print out the result of an

oreration rerformed by the AIM 45,

The comruter has a2 Prbsram at EA46 thét will print out

- the contents of the .accumulator, We can use this ProSran by

simply Jump1ns (mnemon1p code JSR) to EA46.

Examrle!

Load 17 in memoru 1bcation Fo
Load 04 in Memors location FE

" .

Program =~ . - ) L
cLe
cLp 7 '
LbA  FD . - S L
ADC FE - ) o
"JSR. EA46 . .
- J8BR EA13 outrut carrisdge return
BRK ' —— i

18  p8 A5 FD - -
65 FE 20 - 46‘""': -
EA, 20 5 13- EA .
- é
-

R *iLoad the rrogram starting al memors Iocation Zero.

 Press % 0 ©  Return S L
-.yPress .. B Return '

The contents of the- accumulator (i.e. the sum of 17 3nd 04
Hex) uill be printed "at the left side of the taPe.

Reme-ber ((AO)}_teans contents of memory location.ﬁo'

Check , £CFD)MC(FE)I= —==-mrmmm
7404 =
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Learning Activitw B12

InPdt Data from the Keuboard

Ob.Jective: To be able to inrut data from the Keuboard,
rrocess iir and outrut data to the rprinter.

e

‘With the addition of one more bit of information we can
use the full rpower of the comruters that is we cans

1 inrut data ‘ T
2 process it

3 cutrut the result.

The compuler has s prodranm at memore location E3FD that |
will inPut two Hex digits from the Keuyboard and rack the.
in the accumulator. Each time -this prodgram is called u¥ we
can det two more Hex numbers. These numbers can then be
stored in memory for later-use.

Examrles

CLp o ' _ - S Y
JSR - E3FD- Input two hex digits to the accumulator
STA FD oo . ) — ! ‘
JSR  E3FD Get two more : . :
STA FE - ' » : . f

Ko

'we could now use previous 1nfogiat10n obiaxned in 311:£8.__
complete the rprodgrams that iss add® the. tuo nunbers and
Prxnt out the sum. .

RETT AR

Exanple conﬁlete PPOSPSI

JSR E3FD Get tuo dxsxts 3 '
STA  FOD ' o e
- JSR - E3FD Get two more ' I
;- -8TA_ - FE - . - ) al
JSR- -~ EA13  Outrut carriage return
cLc " Remember clear carry flag .
CLD ©  Remember clgar decital flad
tba FD - . ’
ADC FE
JSR ' EA46 o N S I »
JSR  EA13 Outrut carriage return - "
BRK : S , B _ - '
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i Rereal if not correct. S . ‘__'_ o

AT

d259;

Progrem Disassembleds check for error with vour instructlon
set.

20 FI E3 .. .85 - » o
FD 20 ¢ FD E3 - - .

85 FE 20 13

EA 18 . D8 AS: - ¢

FR 65 - FE - 20 | 4

46 EA - 207 13

EA . 00 00 o o S

Load 1nto seauentxal memory. locatxons startins at 0000. .

Press CTRL/PRINT; Remenber to Lurn the Prlnter on.

Press X 0 Return e

Press .. G --Re&urn‘ :

Input data . 17 05

Data recorded on the printer st@;belou input data = -——--

ig this dataacorrect'i,e. does it = % 4+ 0S5Hex?

<«

onic code that will
»subtract them and

_ wrxte a sxu:lar ProSraa usxns N
_inPut two Hex numbers from the Keuboar
'Prlnt out the result.

';D1sassemb1e the code

Load it 1nto seauent:al REROrY loeatxons startxns at 0000

Execute the PPOSPB. ‘ ”‘ -

dye

gRecord results: conpare uih nonnal subtractxon

~ You should now feel confident Lo urite a3ng nachine
landuade Prograls.,
N s

R

R e T i
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‘Learning Activits B13
” 1/0

-’

| Obgeétive: fo;be able to set um thewinpuiwand‘uutput ﬁortsw

The AIM 65 uses memors marred. I/0» that is tHe CPU will

3ddress inrut/outsut in exactls the same uay it nornalls
address memory., : K :

e
I

For examrles to. read the data oh an anut Port BOU

'simply LDA (load the accumulator) with the contents of the
input rort. That port has 3 srecific address (A001) Just as "

a specif1c memors locat1on has -3 spec1f1c address.‘

, To send data out = Port Just SIa (store the % A E
accumulator) at a specxfxc Port (9000). L
. - o i r'J"‘ » ’)"
Before A001 can- become an input rort and AOOO Bn outrul *fﬁ*
port 8 short prodgram must be weitten Loo"sel up® <the input w
and outrut ports. We will'name this program "set uer”s and
1t w1l1 be stored start1ns at memory -location 0400,
. Address“%fProsram_ ; Comiénts o o S -
0400 LDA 300 - Pul 0 in.the aecululator s =
-, 0402 STA.A003 ~ Put O data directiof redister to = 7 "
g g -7 .maKe A0G1 an inPut ropt e
0405 = LDA #FF - PGt all U’s in the accumulator e
~Q407 - STA AQ02 Put 1/s-in the data diréctich T
. - »resisteg_toipakeﬁﬁooo an iney!
- 0404 . LDA %00 i R
. 040C - STA A00B ﬁHOUSE&QEPlnﬁ o
040F = STA A00C o s g '
0412 .. STA ACOE . . . - o
.. 0415 .. RIS I N ST
- : g Lo . E e .“h - :
- - - :- o o :;”f"‘ o {.};?' RS 2
. ,_1_1 PRy V "
. : " S i
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Lesrning Activity B14-15 - A -

Instruction Entrs ¢I)y nigasseﬁblg (x>

Obdect1ve. To be able- to enter data usins the instruction'
entrg funclion.

“To be able Yo disassemble data in the computer
memorys to

The AIM 65 has a\reslls neat features called
instruction entry (I)» that letls wou write prodgrams in:

. assembls landuade and enter them directlus into the coaputer

$ 0400 will appear in the displau | - R
Enter the prodram 'seﬁ“up in the f0110u1ns -annerv e v
.LDN 200 ° C/R- & -
- 8TA A003 - C/R - ¢ Fa o ' .
LDA #FF . ~C/R . < Woet T P
STA A002°  C/R" _ S “
LDA #00 - C/R« (R -

o

_ Press

" Displau reads K x= AU |

without disassemblu. Thal is Lhe mnemonics’ and data can be
entered directly from the Kesboard.

5 .
3

For examples to enter the Prosran *sel up” into the s S

comruter Etarting at memory 1ocat1on 0400 proceed as - - - &
follows: & . N s L i L

~d

Press o CTRL/PRIﬁT ~ Y . Turms printer on 4., . ~
Press ESC or Reset : ‘

r

Press ,fx‘ 0400 . wﬁ{ﬁ(retpﬁnfr'ﬁ | o ’

Press ’

- X » JEN . - o PO
5 _Sii"I . o i B e B \S . . < *
b’ R . )
. . v B

STA A0QB.
STA AQOC*

C/R
“ C/R

“ Lite disassenble -enors function (K). : o -,"'fv v

STA AOOE:.  C/R | T T ’ .
RTS - I . h’ a . : " P Y ."‘f" o
To see if the PPOSPBI is entered correctls Bou Can.use .

e B D ‘, ' :, e
e '.\.. 5oz X o -
¢ - # . f, . VST . ‘ ey

} ESC db Resetiﬂ ) .
Press. _JxCTRL/Print e _'Turns Printer onr_#~ e
Press - K . S . A
. Press 0400 Lo BLR . ~
Press 09 : Lo « To._disassesble 9. . . .- -
o . - instpucbions and’ Print tho. L peie

L ” - S
. - s
» s .
. S ,
& . P -
- . i X R ) = +
el - T ' — .
¥ ¢ i o ]
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Comrare the printout with the Prosram entered and if. an .
~error QFPGBPS! correct it usindg the 1 function.

'”This Program can also be checked us1ns the M (eyanine

. memory ) function, - _ _ *
'Eress'; : ESC*OJ Reset - o ) wf;i o -
i . ' M . o ' ) ‘ i g
: - _192255 o CTRL/Print 'n;-“ ".Turn printer op 7P,N\x\f C .
. 'Press n"' o o b ,.i' Sos .
: ) V%ﬁ' . ﬂ:d [’ B C oa0d - ek, ’
e isplas'rea s M= ’ S 00 - /R~ - o
“The contents of the f&rs& four memory locatipns startins ét
A 0400 MWill be dxsplased. e o » .
o T K= 0400 9" o0 8 0% . .
. - . Press srace bar for 4 more o e -
: v ' .- 0404 - QO . A% - FF . 8D . L ’
; : .+ ' Press space bar. B R
: P w0408 0 02 Ao . A? ... 00, .
oL ‘Pregs srace bar: - RS SR
E S 4 ‘{~940C 8D oc . A0 (] ( .
S s "~ Press srace bar et N
. ) : 0410 - 0B . A0 . 8D OE - .-
e e . -. . Press.space bar ¢ T o : C e
: . . ‘0414 A0 60 -— . SR s -
. NI ) ‘ '
! The@;onten&s of the above senory locations contain sour
A orxzinal PrOSrBu_disassenbled. o
A R {1 should be clear that Jou have tuo uass o enter-a '}
P e .PrOSraq into the cq’gg&er. o : :
A o : . e .
Cme e i‘Urite the Prosgran in 3ssenbler 13n9ua§e usins v e
‘ -mnemonics codey disassemble by hand/and use the .etors ' ‘ ‘
‘alter (7)) function to enter the aachine caode. . - R ( _
: 2 Use the Instructs Enter Function (1) to enter tho L
D rrodram into the conput N o
N | o : S A.."’ .
9; AYou should becone coarletelsffaailiar with the .1 afid K

funetion. Go back to five of your previcus prodramsy Use
ihe I+function to. enter theas then use the. K function to
see 1f thes ave entered corruetls.-'

e ; s T
SR ,r'° Use the M function to see hou Sood YOU Were " at han&_ T

IEETAR A dxsassetbls. (You Probabls uill never db 1t a!aiﬁ!)
. . : '.»:,"_' - ; \A - . - ‘ ’I ..:'_t
e S T, Execute eacﬁ“of\sour Pro!ra:s and.shou tho prin 3‘ . ~::] :
~ ”“”1"'ﬂ:;é:‘- result .to. sour teacher.;}?" T o ey A ,‘!,3
N R .: - e .‘ o o 1 N - " . . oL e oL
o % ~ ° \“' '-,'
. N BRSNS B ,

‘1;;,= .
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L L > ™ _ Lesrning Activits B1é
) . . ., Using Inrut and.-Outhut Ports |,
- .o . . . ) -". . e

- s *w

R - “Obéective: To set up Port A as “an 1nput rart and Port B as .
: e o an oubput Port.

The . subroutxne "set ur” sets up Port A (rins ’ ;

-

o 14;493,275;617;8)(§n the eddge connector J1 as an input Port

_ Aand Port B (rins 9 10111712713!16!17115) on the edde’
, s N : connector J1 as an

utrut Port. e

"‘ﬁ' ‘ By éallins up- theﬂsu roﬁtiﬁéi 1.9. JSR to the éddregg
R of the subroutiney we can use the compruler Lo simulate’

. lodic gatess comb1national and or seauentxal logic ;."
c1rcu1ts._f 8 : e . ) ‘
f 4 ‘ su&routihe Tset up® o ‘ - - _y'fleawi*g Lol
A . .0400 LD e
co & - ER T 0402 2<:003 . . ¥ églvg _ . o
SRR 0405 LDA L L R A
Voo T o 0407 -STA A002 S - S e
P o« . Q40A. LDA 200 | N ' ¢ o ' : ;

| .. . 040C. STA AOOB _ :

oL " 040F "STA..AOOC .
Ly 0412 STA AQOE oo L

LT , © 0415 RTS.. . sos i Do)

L I Th:s subroutzne can be relocateds iJe. it could start

e 3t 0420 or at any loeation available in sohr memors, -

" LY
s Ve e k4 -
. .o o . % %
L . r N “ae. e 5
o N ‘ s P : R
N AN o . . : . :
: ) Y . O +
’ - r . . . - .* ¥
¢ . - : .
g > T T k »
i - L * \ T . ’ i °
™ “ - . ' . Ed «
- - : - " . PN . - S
f : i ~ : S
N * 2 * Lo . . » -
€ Y Y b . « .
i . . .
ae - .
H * . . e
. < - ‘ - .
Y
) . . s . N
] - * e Iy . ’ ;
. . . . ) . S -
Sy g ; ¥ : IS ~ R .
: p . o - . P o
. , « ', . . -
» ¢ T - 4 s d
[ - : N
> _ . .-
LS N s T om
- K h B v ‘ M
Iy s . o
- - - 3 - .
i v . e
» i < Ll
*o, ” ~ PO T N SN ~
- . - - - -~
. . - g . , s
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Learning Activituy E17

The AIM 65 as an»ANDiGaLe

Objective: To simulate an AND Gate with the AIM 65,
~Load in subroutine "set up" al 0400, See Bl16.

Connect .logic A to Port A bit Oy pin 14 on J1

Connect logic B to Port A bit 1, »in 4 on J1
{; Connect ﬁed monitor‘to Port B bit Oy_ﬁin'9 on Ji

' Followins is 8n assenbls Prosram that uxll s;nulate an
.AND dates .

Address : Proﬁraﬁ.v_ ‘Conteﬁts el
0200,? JSR. 0400 Subroutine to set up yorts, nust be
: . et -in the comruter )
0203 LDA AOO1 Get data al rort A
. 0206 - AND:-#01 = Clear all but bit 0
0208 . STA O4FF ~ Save bit 0. -
020B LDA A0O1 Get datz at port A L
. Q20E "~ AND #02 Clear all but bit 1 C O
0210 LSR A - Line up bit 1 with bit 0' '
~0211 .. AND OQ4FF = . i R
0214, STA AQ000 »Output result of AND operatxon* '

0217 BRK © . Stop e

‘ Enter the above PrDSra- into the eotputer us:ns the I’
. functxon. . . .

-

Remember 1n order to execute this Prosrau.

-
: LPress ESC . % - 0200 C/R - ', T
. Press G - C/R . T .

-Use the" 1osic suitches to chanSe the inruts to sour
simulated logic date,: ~Af Ler each chanse execute the Prosran
. and complete 3 iruth table for wour AND sate.

<.
- -
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AIM 65 S1mulat1n9 lodic Gates y

N

\
To write and eyecute rrograms that will allow

. the AIM 43 to simulate the basic gates.

@

\

Write and execute a program that will 51mu18te the OR
Use the AND dgate simulation as 8 model. COnplste the
truth table for gour simulated gate.

33&90

Write and éxecute a'similaf PPOSPEn'that will simulate

an EX-OR date.

date,

" The NAND»

Conrlete the,truth\ﬁfble for wour simulated

O -

NOR> and EX-NOR sates can be simulated by °

~—

~ inverting respectivelw the ANDs OR» and EX-OR gates.

Al

Follou1ns is a prodram Lo s1aulate a2 NAND, Pr1nt out
the resulty 8s- well as outPut data to rort B. :

.0200
0203
0206

0208
- 020B - .

020E

10210
0211

0214
0216

0219

021C
021F

JSR
LDA
AND

 STA

LDA
AND
LSR
AND
EOR
STA
JSR
~ JSR

0400
A001

$01

‘04FF
A001

ERY i -

$02.

A

O4FF

$01

A000 .

EA46

EALZ
BRK - -

. Press ESC or Resetl

-

Erecute the ProSran B

tape.

‘ Press CIRL/Priht

Data at port B will be rrinted under the G on the Printer

“'Inverts the.sinuléted AND séié. o

'sei P;;R\§P ' Bt

e

Complete 3 standard truth table for the 'AND sate

 Write and execute 3 Prosran to si-ulate the. NOR and EX-NOR L
- sates and have the result Printl

“out on- tn;“tape. .ﬂ

This conpletes vour exercises u 1ns the conpuAep to ,fAﬁ”

sinulate basic‘!ates

..f&fkif“

L 4

2 S
T B
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| . SUMMARY

You have dgained exrerience in usind some of the following
machine instructzons. For the instructions listed below
give the operation each one Performs.

apc- oo~
AND~ | 3'y
BNE- T \

ERK- - | ' - |
— . | ) o B
. pEC- - . - ST  ". N g3 w

S
T
ué ‘”  L okl -
| | ING- T ‘y: o
‘ - INK- | . V. o ST
“ wy- e L
“’ ae= |
‘1JSR%' | L o |
tea- A
LDoX- ‘;N
LpY- R | . o
CLsR- L ko E
N . Nop=M R

. fﬁi i 'w'.{;PL;;' - .:'f g \\;;’;;2‘Q_._f , ;;§'
i él ”;}  P$tAf;A“}L‘ ﬂ£;t*i£h: | |
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Learning Activity B19

-

Subrouiines
Objective? To illustrate the JSR (Jump to subroutine) and
i:) ) * RTS (return from subroutine)'instructions

C W A Subroutx e is a 3roup of instructions that rerform
\ some limited but freauentls reauired tasks. In many cases
" the easiest wau\tlo te 38 prodram is to bresk the overasall
Job douwn to many e orerations, each of which can be
Performed bs 8's rout1ne.

The mxcrop ocessor has special 1nstruct1ons to handle
subroutlnes. : : :

JSR - Jume to- lhe subroutine
RTS - return from the suproutine

sre pushed
loaded into
tine “e¢alil”™., > $<

. ISR The contents of the rrodram counter
into the stack.,- The. sdbroutxne address is th
the Program counter.,’ Thxs 15 called 3 subr

‘RTS Restore the PrOSram counter from the stack and
1ncrement it bs 1. AdJust the stack Pointer.

ir‘ L  The following illustration shous how. thie flow of the
. prodgram is: interrurted bu. 8. JSR (Jumr to subroutxne)
"1nstructxon.

Cey

Main Prosram . Subroutine.
( , , ] o U, \
L © 0500 JSR I . »| DA 0300
:_. N ) n ' . N ; ... . - , R . .
0501 ' 00 : < 240 0301
0502 . 03 - [V~ T LDA 0302
. o503 | _anc o |ie ) #10.. | . 0304
05 04 . IAO._ ' \\ [ cooo.t;olo».5oooo
LE o w N - RTS |- 0310

‘ sz&;x

g ' 00FE '
to- S . 4 . . ~
: : OOFF. 02 (|-,
X o100 | es |7 :
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Before JSR the stack pointer was set at 0100. -
After JSR the stack rointer is decremented to OOFE
After RTS the stack rointer is incremented to 0100

‘Once the JSR instruction is decoded the contents of the-
PPOSPBm counter are incremented bs 2 and stored in the

staek.*The stack P01nter is also incremented 1w 2y one for
‘each bsﬂe. : . : o0

>

: . . . : N\ ;
Control of the rrodram is then trnansferred to the

address contained in the orerand of the JSR instruction.

The subroutine resides at this address. R

The MPU then seauences throush the subroutine until it
~encounters an RTS (return from subroutine) instruction’.

New contents for ' the Program counter’ are . 9ulled' from

the tor of the stack and incremented by 1, This returns ‘the ~ i

MFU Lo the ma1n prodram and nornal fetch/eyecute continues.

= o
w5

:



rointer is decremented bw 1.

duuezns the accunulator into the stack. L

_Leerning?ﬁetiviyg R20

| Stack
I Pl

ObJective! To 1ntroduce the ‘concert of the stacks and

-

exrlain how datalcan.bg dumred into the stack.,
| coe v - )

‘The stack is an ares in(ke:ors set sside to store data
from the MPU. Data is stored|ip the slack when an interrust

in the normzl flow of the erog am occurs. Instructions used
by the stack are. . :

,

i PHA - The contentis of the accumulator are rpushed into .
- the stack; the stack roititer is decremented.

. PLA - The tor word df_the49§ack is pulled backeintpﬁthe
- accumulators the stack fointer 1is increnented.
. . L ,f
PHP - The contents of the processor staiag redister are
- rushed intoc the stacky Lhe Stack Po1nter is .
1ncremented.

PLP - The tor uord~of the stack is Pulled back into the
processor stacks the stack eo1nter is )
incremented., v

¥
4

. The steck aointer; 3 redister in the CPU» or Just stack

‘contains the. address of the stack. When an interrurt occurs

data from the Accumulators or other CPU redgisterssy is, .

. stored .in the stack ¢ PHA instryction) st the address

indicated bu the stack. rointer. The address .in the stack
e -

To restore the dala to the accumulator from the stack a2
PLA instruction is used, The address in. the steck;eoin}er

Cis incremented.

Other resisters cah be rushed into the staek by . g
transferring their data to the accuaulator fxrst 3nd then

—

.\"}' .
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Learning Activitu B21

The Traffic Light Problem

ObJective; To write a3 Program that will allow the AIM 65

lo orerate a set of traffic lightis.

- When desisning 3 comrlex prodram wou should follow an
orderly sequence., The followindg is a8 susdested rrocedure!
. 4 .

Define the eroblem

Design the solution

Flowchart the erodram

Write the rrodram

Test and debud the erodgram (execute 1t)

Define the érobxem:

A traffic light controller uust sequence 3, serzes of
lights accordins to the folloulns. ' /*\\

Wait dreen time

Chandge light B to Bellou .

Wait gellow time

Chande lisht B to reds lzsht A to dreen
‘Wait dgreen time _

Change light A to uellou

Wait gellow Lime -

Go to step 1 and rereat the Process

Besisn'the édlution.!

_ It looKs like 3 linear Prosran uould work auite micelus
and subroutxnes could be used to- call ur Lhe.delas.

These sroupinSS are reouired to set up the lishts.

~ Condition 1 ~ A° B -
A "7 . Red on . .. Green off
Yellow off ~ Red off
Green off = Yellow off. . Rk
"5ConQition'g7?{Red on . - »:Yeiloa-on
. R Y6 off GsR off
'ﬁCpﬂdition 3 " Greem on " Red on " >
ST L ReY off L oG off = " -
'fF%Coﬁdiiibni4l"Yellou on . Red on L A;iz- S
e BReft L YsGeff |
_;  VCoﬁditiqni5' anae as condition 1  },
CPORREREeR S ety

Light A is redy light B is dreen - - N
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Program Name |

PR

‘ | , - L Action

- . \

Decision . !

- , ‘Flow chart symbols used in the following activities \

v . .

S o N

B

e Cee
. ' A
‘
.
N

- .
- s - J— _ -
B
-
- L - ~
- -
\ - i~
) ) . .
- P - .
3 ~ ~
.
- » : I
v, . . ‘4
T : . . .
~ - 5
.. “ ~ :
- - -
. . ~ .
ot -, «
. B i = . )

. . .

& NS .

- AT - S ;

R - - .') N
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Flow Chart

e

| B-Red

|# start © -
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Long- Delay

A Red -
B Yellow.

L

Short Delay

é

T

A Green .
B Red. -

T

'| Long Delay

£ Yellow

”~

‘Short - Delay| -

Over = -




- Prodram

- Address’’ Prosram '””*Cqmﬁénts

f Load the above PPO!P

" Press‘ i,.ESC. —\

- 273

“In order to output. data we have to set ur the ourtut ports.

This can--be’ done uxth the PPOSPBm set ur*y see Blé.
Locate the "set up’ rrodram at mgmors location 0420.

Part a will become the output rort and the Pih connections‘
on edSe connector J1 are as follous. ‘

Pin 9 - bit 0 - will 11sht A’ sreen
. Pip 10 - bit 1 - .-. A gellow
T Pin 11 - bit 2 - S A red )
"Pin 12 - bit 3 - - _ Notused K
Pin 13 - bit 4 =~ "B dreep 7
Pin™Mé6 - bit & - B wellow e
Pin 17 - bit 6 - - ~ Bsred =
© Pin 15 ~ bit 7 - o - Not used
o Connect these " outputs to the LED nonxtors on Lhe 1031c
'board. S B . - o
: " . Main Treffic Lidght-Prosdram S 4

0200 ' JSR 0420 SR up . R

0203 - . LDA 314 = @ red; B dreen. s

- 0205 STA, AQQ0 Output data = -

0208 JSR 0400 Green delauw

020B * LDA $24 A redy. B yellow _

10200 © STA A000 - .
0210 JSR 0405  Yellow delaw =~ . . T

0213 . LDA #41 . A dreeny B red’ . '

- 0215 STA AQ00 . o .

0218 - " JSR 0400 oL

021B LDA #42 . T

021D - STA A000 S
0220 . JSR 0405 ° . - RN

0223 - . JMP 0200 Go to address 0200

0226 - BRK. SR o B
Enter the Delay prosram listed below. .

- R o -
Execute. ‘ o

n.into the computer. .

Q ‘C/R ~ s
Press ;l_ 6-- ;”’}QIR-" : ‘ . A
Check the Iisht senuencey t.gou. have;a Proheu rechec\ the
..main. 9rosra| 3nd subroutine ' T R
ERCIEE R s L ‘ C
h . . ’ B . ‘. Ve A.,,. E ”)‘:
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" Delawu PﬁgsraﬁlA’

Address  Progranm _ Conments',f
T 0400 LDA #A0 - Start sreen delas
' _ : 0402 JMP 0407 ,
0403 °~  LDA #10 -Start sellou delay
0407 sTA 00 . - . D L
0409~ LDY $#FF ‘Delaw T R
- .. 040B _ LDX #FF . Delas
Gsee .77 040D < DEX. o »v
o O40E = BNE 040D - .~
0410 ~ - - DEY
E . 0411 .  BNE 040B IR
! < .. 0413 _ DEC 00 ' S N
e T .Y 0415 7 BNE 0409 - o .
- 0417¢ RIS =% , _— , e

o The fﬁllow;né e>evc1se is des19ned to help ‘wou understand
7. houw the delas times are determ1ned. | o
| "1 Listy in a vertical columni 311 the 1nstructions used in
the delas Program,” _ & : :
o T s 2 Look ups in the. R6u00 prodranming lanuals the Qpnbeﬁkof
.o cscles- reauxred for each 1nstructxon..'u e M
—% S §.3 Manualls follow throush the delay . progran Lo deterlino
7 : hou many times each 1nstruct1on ‘is used. - :
. ;_;_ "-'i - .
ST = .74 Multirly the number of* cseles used’ for each 1nstruc&ion
g .'bu the number of times that 1nstruct10n is used by 1E-6 Lo
. det total txme in” seconds. - : S 3

.....

N
%z

‘5 Total 311 1nd1v1dual tlles to dget. Lotal delau tlle.

L : o Exanpl using sellou delay fﬁf;uAJV", e i; 3 ’
- e : S e L _
§ S '1,Instru§¥39k; g Caclés - Times used Total Lime
: o ) . . . ) C ’ . : i . . - o }". ‘._‘ .
. DEX L, ' T
- 1nplled node 2 - o (256!25§317J . 2,28 sec

o

- ”:"PEIB‘iVE‘ L3 (2TRTBITHT) 336 sec .

Conplete the table usins the other instruetions. It sou do

- .
e AT o P Aot e o b o e+

.4, . 7o not understand -how the above tiles ere calculated ask. ‘sour .
B A A T fteaché? for ass;stance.. - _ < x
S B S S LA SN T - .
- el H ": '?" N :
-q N - G .
IR : i ‘
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fkgl ChanSe the delay time for the:wellow and sreen lishts and
‘ "eyecute the traff;c llsht Péﬁéral. .
T rwn1te - Program that uill have dlfferent delay tines for A
L - and R dreen, - . N o o
- . Nno the same for A and.B sellou. . o o ;
A ; Can Hou th1nk of 3 betten way to urxte this PPOSPBm? P
B i Co " How about askzns thefqperator to 1nput the delas Prosran C
L ' Aime before the maxngPPOSran is executed. . , L 1
5 T ~ Do uou thxnk You could sell this Prosral to ‘thé Town of . .
o ~* Tpurg? Theu seem to have a b15 Problem uith their traffic.
115ht timing, i : : .
v - - Most of the skxlls 90u have learned 1n thxs exercise are _
L *.  directls applicable to industr9.5<~ e & ﬁ“‘§>
| - -;'.' S Some examples are: PPOCESS controlr Bun5ular alar.s: EC
SN Electronlc Iocks etes” - vy A x z
’r B * ’ - v :'l “ r ¢
o § - - o o : LI -
% e ,,fj B - - ’ .ﬁ:;' {/;.
:v! ~——it F‘ : T ° & v )
"’} . o : - i -
3 E :
“ S i e . . ™ ’ M \ - .
3 ' / S .. ! . . , ) -
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Learnindg Activitu B22

Siiulation of 3 monosiable nultivibrator

Ob.Jective! To simulate 3 monostable multiv;brator with the

AIM 65.

L

A monostable multivibrator (MMV) is a switching circuit
that has one stable siate and one auasi stable state, That
iss the MMV is normally in one conditions i.e. the cutrut
is Lo, When an inPut Pulse is receiveds it’s outeut
switches to 2 Hi for 2 rredetermined time and Lhen swilches

back to a3 Lo. It staus in this condition until another
inPutl pPulse 1s recexved.

Monostable nuitivibbators cén'also be desisned so that

the ocutrput is normally Hi and it’s auasi stable state is
Lo.

Prohlem:

Write & prodram to simulate 2 nonostable qu1t1v1brator
with outrput normally Lo and it soes Hi- for 2 milliseconds
when it receives an inPut pulse or tridgger,

Solution:

*Outrut Lo Port B bit 0
Tridgder rulse Port A bit O
Qutput Hi Port B bit 0O
Delas 2 milliseconds
Qutrut Lo port B bit 0

Flow chart on the next pase. o T
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Flow ChaFi:

v

‘Look for K
~ |another trig-
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f
Program: _ )

. \
0280 JSR 0420
LDA #00 -t

02053 STA A000 ° = Port B bit 0 Lo
0208 -LDA A001 : ~
020B AND #01 . .
0200 BREQ 0208 Look for tridger
020F LDA 301 .
0211 STA A0Q0 -, DButrut Hi
0214 JSR* 0500 * Timind routine
0217 LIA 200 '
0219 STA A0OQQ ‘Qutrut Lo

021C LDA A001 < | ~
Q21F AND %01 ‘ .

0221 BNE 021C Trigder done?

0224 JMP. 0208 ,

~

"Set ur" subroutine

0420 LDA $00
0422 STA A003
0425 LDA #FF
0427 STA A002 | S
0424 LDA 200 5 Lo
042C STA AOOB |
042F . STA AOOC .

0432 STA AOOE

“

)’Q 'DELX;'.subroutine .
0500 LDY 202 ) ‘
0502 LDX $CO e
0504 DEX . o -
0505 BNE 0504
0507 DEY
0508 BNE 0502
050A RTS -

‘Execute:
Execute the prodrams use Hewlett Pcakard losic rrobe to

“"monitor Port B bit 0. Use a losic suitch or puls. to input ~
tr;SSer on Port A ‘bit 0. 8

Chanse ‘the .monostable uidth to .5 nillisccond; and
~exgcute the prosgﬁn':Shqu thg results to wour teacher.

.
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Learning Activitu B23

N Simulation of 3 D LATCH

_ Objectjve! To simulatesa D Latch with the.AIM 65,

Operation of 3 D-ture ‘flir flop (latch),

Information at the inrut is transferred to the‘output
on the positive edde of 3 .clock pulse. After data has been

clocked ins further inpuyt data is blocked until ancther
clock .pulse is recexved@

—

 Problem: | 3\

Write a-prodram to simulate az D-ture flir flor., Data
must be transferred'whgp 3 clock rpulse rises from Lo — Hi.

Solution$
‘Clock Pulsé'in on Port As Bit 0
Data rpulse in on Port As Bit 1 -
Data transfer when Pulse goes from Lo to Hi

Data out on Port By Bit 0
Look for new clock rulse.

Flow Cbartt

-( D Latch ) L | :
N7 o A ' >

- Set -up
Ports

‘ - Read . " o ' .o
Input Port N , o - o
. R . | Output
L ‘ R = Data
" Read —1 i 1. _ JL;?
= - In ] o Get new
. : — ' = Dats .
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Prodram: A U ,
0200 JSR 0420 Set ur Ports
0203 LDA #0% :

. 0205 STA 01

. 0207 LDBA A001 : .
0204 AND 01 Isolate Bit 0 : .
020C BNE 0207 ° Is:Bit 0 Lo?
020E LDA A0O1 -
0211 STA 02

0213 AND 01 .~ Isolate Bit 0

0215 BEQ 0Q20E Is Bit O Hi? BRI '
0217 LDA Q2

0219 AND #02 _ Isolate Bit 1 o
021B STA A000 Outrut data on Port B Bit 1
021E JMP 0207 = Gel new dats

- "Set ur” subroutine!l

-0420 LDA #00 .
0422 STA A003
0425 LDA #FF
0427 STA A002-
0424 LDA 300
- 042C STA AOOR
. .042F STA A0OC |
0432 STA AOOE '
0435 RTS ° .

Execute prodrams use LED to monitar Port By Bit 1.
Lodgic sthches on Port Ay Bit 0 and 1 to inrut data and
- trigdger., ' : '

Eighd It 13tches in P8P81191 £an serve 35 a re91ster.
icult to simulste an 8 bit redister. :
(eight lines plus thNjddger are reauired)s howevers a 4 bit Qx
redister should be reystivelu easu. - S A

 Write 3 Prodranm that uxkl allou the AIH 65 to s1uulate
2 4 bit redister.

~
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Learning Activity R24 .

Simulation of @ BCD to 7 sesment DECODER

Obdective: Td write a PrOSPBm that. will allow the AIH 65 to
’ s1mulate a 7 sedment. Decoder.

-~ For more 1nformat10n on a8 BCD to 7 sesnent Decoder: see
' ' . FBlPChlld Data Book; PaSe 4-44. LT

AProblem.

urxte 8 Frodram to decode RCD to seven segments.

Solut1on.

. Set Port & 1nput and Port B output
. For 0 inPuts outpit 01
; For 1 inruts outrut 47 o
. For 2 inruty outrut 12
L _For 3 inruty outrut 06
t "For 4 inrutl, putrut 4C.
: For 5 inruts ocutrPut 44 -
. For 6 inputs outrut 60
! -For 7 inruts outrut OF . *
‘ For 8 inrutsy outeut 00 . '
§ For 9 inruts output OC
N . - 3 , _ . b ‘
-§,. ‘-, : '>‘Port B output connect1ons ~ 'Fart A inrutl connections
Fooo ' for’ 7 segment . for BCD.
] "Rit 0 = g4 Bit 0 = LSB
E “Bit 1 = f . Bit'l = LSB + 1
. Bit 2 = @ . v Bit 2 = LSB +'2
b Bit 3 =d | Bit 3 = MSB
5 Bit 4 = ¢ ° - -
: Bit S = b’
{ Bit & =5
P o Flouw Chart! 3
5 " o ‘Data to: 7
i BCD-75eg. Index Reg.|
i . . . P
o S Ports | | -] Word
. D —Y ¢ : JL
oo Read BCD .} Output
% _ o : Input oo 7 Segment



T current to drive a 7 sedgment readout. Interface Port B/

v 282
" Program:

L0200, LA 200 o ‘ S \ 7
0202 STA A0O3 . _ S
0205 LDA #FF : oL

0207 STA A0C02 .

.7 0204 LPA AQO1

T 020D AND #0F

“LU020F TAX ' N
. 0210 LDBA 10y X o
+ 0212 STA A000 ‘

s 50ﬂ15 BRK s

correspondlns 7 seSment data?

0010 01
0011 47
0012 12
0013 06
. 0014 - 4C s
- 0015 44 o
- 0016 - 60 @ .
0017 OF L . B -
/,0018 00 - . A .
0019 'OC LS ' . R °
R . /-;\ ‘ et ._", ) . ;
Eyecute. ' /. o - . ‘/’
' Connect LED on Port B . TR ”‘L‘ .
Connect Losic §?1tch on Port A - I A
V - : . /
Run the prodram. = L. -

/ #
Compare the output to the Truth Table uou deVeIOPed i
Combxnatxonal Lodic Circuits for a- BCD to 7 seswent

DeCDder.,, .
N\

:Qctzvitée The outPu£ of Port B will not sink enoush |

outrput and the 7 segment readout with a buffer driver,
TTL Data Book for buffer selectzon.'

nenonstrate sour sxlulated BCD to 7 seswent readou: to
sour teacher.
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C | " Learning Activitu B2S .

HARDWARE INTERRUPTS

. - Obdeétive. To write and execute 3 Proﬂran illustratzns the
Co T ; .use of interruptis,

INTERRUPT } |
N E UPT a‘w
f ]Attentxon signal sent from an 1/0 device or ch1p to the

. , /7 MPU to obtain service. When accerteds the Interrurt
R L i resulis in haltindg the MPU which rreserves its internal
redisters and branches to the approrriate interrurt
, g service routine. Prodram execution resumes uron
S o completion of the interrurt service routine.

. . 4
"INTERRUPT senvlce ROUTINE:

Prosraw that is executed uhen an interrupt occurs.

;f5xnrggRUPT MASKS
. o a *1’?fv R951ster that has one bit to control each 1nterrupt.
' oo Used to selectivelw disable specific intérrupis,
I .‘." - ‘ t . ' . . .o
POLLING?

\‘r

Scheduling techniaues for 1/0 devicess where the
rrodram interrodgates in turn (the status of) each
~rerirheraly and gives service when reauired.

INTERRUP? VECTOR: : i S . C
An Interrupt Uector is- 51mpls an address that is” loaded
“into the Prosran counter uhen an. interrupt occurs.,

ﬁ conputer noraally seauences through a PPOSPBI%
resronding to the MPU instruction set. Since the computer

jv; - can handle onlwu one instruction at a Limer how is it

-rpssible that it can rlay 3 dame and check and pddust the
froou tenperature at the same tine? N

-

oo . o . S -
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One method is to reriodicallu jume from the main
routine and check the rort monitorindg the temrerature.

This could be done several times a seconds howevers if no

chande has taken rlacer il should be clear that this method

wasles CPU time, &

-

} A rreferred method would be Lo have the 1/0 device
"interrurt” the main rrodgram only when a3 correction to’the
temperature is reauired. The MPU will then branch to a

routine to adiust the temperatlure and, then return to the
ma3in Frogram. N ’

Internupts'allow'the computer to seemindgly rerform

severzl orerations at the same time.

Thé following seauence of events illustrate how
Interrurts affect the flouw of the rrodram?

~——

\ Y

Main . : Interrurt
Prodgram ' " Service
Routine
0200 LDA Lba 0400
. 1 - 11 99
LDA JSR -

S . 22 ' 46 | ' :
Interruprt cLI1 _ v : EA o
Qccurs ™ = NOP - ' : NGP ) '

: 'STA - . JSR
01 \ - 13
- JMP : .. EA ' .
00 Y1 RTI '
02 . ' NOP
=




- .
A

1,

- 24

b,

7

8;? The computer Proceeds Lo service the routine startins

1 L

10,

“uwith the contents of FFFE (78).

285

'A Low arrears on the Interrupt. reeuest line (IRG).

The current instruction being processed bu the CPU is

comrleted.

The interrurt flad is checked and if set» no interrurt
cccurss if not selr an interrupt occurs.

The CPU redisters are pushed into the~stack» o uﬁ%s-

The -interrurt request flas in the Processor status

" redister is set.

The lower bsute of the rrodram counter (PC) is loaded

The urrer bute of the prosram eounter is loade& uith '
contents of FFFE (EO). B )

EO78 contains a Jume Lo A404.

at ‘the address in location ‘A400.
The last instructxon in the routine is a RTI (return
from interrurt): This causes the contents of the.

stacks previously dumped from the CPUy to return to the
CPU. ?

Normal prodramming continues,

Losd "Do Nothing” Prosran into nemorg sLartins at

location 0200‘

0200 LDA #11 ' . : ‘ ‘
0202 - - LDA 322 . . _ : .
0204 - LDA #33
Q206 - LDA 344
. 0208, _LDA #55 -
020A . 8TA 00 N . ]
020C _ STA. 01 o :
- Q20E STA 02 . ' =
0210 : - CLI (Clear interrurt flas, sel
_ reads for 1nterruwt). ‘
0211 : JMP 0200 -

Set A400 to 0400.

Load interrupt routine into nenoru starttns lt location

0400, ,

0400 - LDA #99

0402 R JSR EA46 Coutrut datas)

0405 NOP

0406 , JSR EA13 (outrutl cR to rrint data)

0409 RTI
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Set PC to 0200, Press G to execute the rrodrams,

Momentarily Ground IRQ Pin 4 on J3. The computer will
_.service the interrurt and print at 99.

¥

Review the sbove prosram sevéral Limess execute its

make sure uvou understand oach instruction and ‘its
FUrFOSe.

-

Write 3 PrOSrat that will print out the data on rort A
uhen the IRQ in .onentar1ls dgrounded.,

The NMI (non maskable interrurt) and the RES (reset)
lines rerform as similar oreration to the IRQ,
For more infortation see sour manual.

. 1s there some was for Port A td signal the MPU that it
has dala ready and that it should be read in?
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Learning Activity B26
'BREAK

T -

ObJective!?

-

To write and evecute a\ﬂfosran using the BRK
instruction.

The BRK instruction orerates like an interrurt, When 3
BRK is encountered the rrodram counter and the rprocessor
status redisters after the B flad has been sets are pushed -
into the stack. The prodram then branches Lo the same-
address 3s the IRQ interrurt, that is the address (5154) at,

- location A404.

The status redister is rulled from the stacks rushed
pback into the stacks and flagd B is tested to d1fferent1ate
3 BRK from an IRQ..

-~

dhe normal break Prosram (al location E163) du.ps the

erog&ram counter-1 and the associated instruction onto the
disrlag and returns to the monitor.

illustrates the BRK instructions?

The following prodram

7

-

0200

LDA #FF
0203 STA 00
0204 BRK [ -
. 02095 Lba 00
0207 JSR EA446 _ )
020A JSR EA13 ' . -
020D JHP OZQD S . ,
Note?

Make sure A404, A405 contains 54y El. o

Set rrogram counter, Press G, Prodram runs» dumps PC
~3nd the associated instruction, ' :

Press G.- Progran continues until coiplete; - ;c-‘

The BRK- is normally used when debugding a program. .
Execution continues until it reaches a BRK»

associated instructions are dumred.
ProSraa'execution to continue.

K» the PC.ang
Pressind G causes

Write a3 rrogram thatl includes 3 BRK 1nstructions.
¢ \the Program,

Run
Hodifs{hs the address contained at A404 wili-allou Qou
to write vour oun service routine.  This routine will

A'start~at the memors location wou load intd'ﬁ404y A405,

The BRK instructiow is souetines referred to as 3
softuare interrupt.



Lo other computers using the VIA and handshaKins sisnals.

Lo CAL on the VIAs see Fig.}. In order Lo intersret this .

bit 1 of the interrupt flag resister and a low uill be.

-,%‘/
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Learning Activity B27

- INTERRUPTS using the VIA'

(I

- . .
Fd - )

.Obdective: To interrurt rrodgram iieuente using the VIA

Interrurt., ,
o IR -~ ”

As stressed Prevxou5199 comruters essentzalls do two.

. ihingss process data and inrut/outrut dats. The Alﬂ 65

ineuis and outruts data via the VIA (versqtzle interface

- adarter), The V3¢ also allouws "the computer io~conndnicate

Handshaklms.

Control sidgnals at an 1nterface in which the sendins
devxce generates 2 sidnal xndlcatxng that new 1nforuat1on o f'/
is avazlable; and the receiving device thay resronds uzth %

another signal indicating that the data has been received., S '/

The 1nterrupt ‘line IR® is an essentxal Part of the

handshakxng sisnals._ The sendzns device  sends out 3 signal

signals the "interrur{ enable reéister'y bit 1y sust be set
to a3 1, The.PeriPhéraljéontrol redisters bit 0s austfbe 

set to 5 1 50 that a hesative-ciahéition on CAL will set

rlaced on the IRG line., =

The low on the intérruPt line will cause an interruet -

:1n the flow of the nain Prosran and the intercupt routine .

uill be servxced.



: ';' Daté
Data ‘Bus

Bus

Buffer'

Chip

Access .
Cpntro;-

) o ——> IRQ
Flags (IFR) <[ - ~

o

LY

| Enable (1ER) [,

Perlpheral
(PCR) .

Aﬁxilaf
(ACR

& F

4

b4

 Data -

K

(TlC H)

B R
{ | Laten | Lateh | °
| (T1L-H) | (T1L-L)* ‘
’ 'D_Counte"r_.' Céu;l_t;-ér— :

T1C-Lj

[aten
| -} (12L-L)

“Tounter | Counter "
. {T2C-L) .

‘J.f'."
B
B )
Sy o ¥
A
D

(T2C H)

T~ﬂ;,2‘  - > Output (ORA)

‘rﬁput Latch

DDRA <

<:::>Buffer

Port B

c

Port A

CA2 |

—] Port B

Shifit

,Register.'

L

| Input Latch

Output (éRB)_

s

L

f .
) .
[ o
- ' -
%

Buffer
Fort B
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. The follouwindg prodram ui11v5et ur Port A7 Lo recosgnize a

/,_{fA "datz reads" sighals initiate an interrurts read the dats

at Port As and generate 3 "dats taken” sisnél., The *datas
pékenQ.signal‘is.auyomaticglls séﬁerated be 2 read
. ; statément to.?d}i A if bit 1; 2 and 3 of the rerirheral
co;irol resiétefvare sel Lo.lv 6; 1.conseéutivéls.
A The“addreSsvof the Perirheral Control Redgister (PCR) is
AOOC. The address of the Interrupt Enable Re51ster (IER)

ﬁzs AOOE. Port A is automat1t3113vset as an 1nrut,on reget.

4 . o ,/
o 0200 LDA 382 ‘ i ./
E 0202 STA AQOE  Set Bit 1 an the IER : R
L 0205  LDA $04A - : ' ' |
. 0207 - STA Aooc  Set Bit 1 and. 3» clear B1t 0 ‘and’ 24
G L .« on_the PCR i
o , O22ﬁ“{CLI - Clear "interrurt flas in the! ”_,’X L
. ST . accumulator ¢ ) T
¥ K .. 020B NOP ' , : : o
S - 020€C NOP L & :
Lo - . 0200 NOF 4ff“,‘ Baiting for .interrurt
L el 020E NOP =~ < - ' : T
3 e Q20F. JMP 020B
‘gf’\fi\\ Ca Load 0400 at address A400. This sets the laocation of
: _ \ R the 1nterrupt routine.
: . 0400 " LDA A001  Gel data at Port A
: - 0403 JSR EA46 . Print data
} 0406 JSR EAL3 c/R . '
i ~«0409 RTI -~ - . Go back and set up Port A

‘Ground céi, pin 20 om J1. - S

HLoad the Prosran 1nto ueaors.

‘Set the PC to ozoo ' Press,c_ C/R
& E *
e ¢ _
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"Each time CAl is interrurteds i.e.r removed from dground
and réplacedy,thé'interru t routine is serviced and thé

déta at"bdrt Q.is rrinted on Che-nisplag and Tare, Trs

"o

- chénsins the daia at Port h (Sround1n3 some of it’s 1nPut)

S#N and runnlns the prodgram asa1n. B
| You " can dQﬁerve the 'data taken sxSnal at CA2: P1n 21
on J{; u1th 8 lodic rprobe contaxnxns mesory. This rulsey
£ i ) "data taken™y }s onls ong‘nxerosecond lons;

Write a similaﬁlrodtine but rather than Printins out L
the data: output 1t to Port B. égnnect Port B output to
- SR the LED Mon1tor on wour logic tester.
" To set Port B as éﬁfpntéut port?

V(?

LDA $FF
STA A002

g
. »~
b

ThlS could be urxtten 1n sour Prosram Just before Bou'

P W.output the data to Port B.

e

“ Perforn the same operatzon using Port B as an inpul
v, A Port and Port A as the output Port, - ReagifigzsAé-zz to

w  &-28 in the R&500 Handuare Manual that*accbipanies the AIN
65 or interpret Lhe‘inforaatxon for the. PCR and IER on‘the
Rockuell AIH 65 Sualars Card.

C
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Learning Activituy B28
-COHPUTER as 3 SHIFT REGISTER
. !\} )

ObJective! To simulate a Shift Redister with the AIM 65.

~ s
!

The UIQ has 3 shift reS1ster uhxch can be used to
.u~convert datsa betueen serlal and Parallel fotgﬁ
CAuxiliary control resxsyery ‘address Aoon.‘bi;s 2s 3 and'

4 control this rgéister'és shoun‘in;the fpllouin3 tab1e.- |

Bit 4 BiL 3 BiL2 . Mode
0 0 0 Z.Shifp resistér‘dzsable 9
o 0 :"'1 ‘Shift in under control of timer 2 ._
0 1 0  Shift in under control of clock 2
0 1 1 Shift in under control of external
. ) | clock | _
T 1-': 0 Q | Free runnins output at rate deterained
i by timer 2 : ;A _
1 0 | 1 Shift out under cbnyro; of timer 2
1 17 0  Shift out uﬁdervcdntfdl;0f'§100klz
h 1 1 ‘f”T)~ .ShifLA0u£Vundenfcontrq1 6f‘éx£ernal
-clock |

< \\\\“‘PrOSra- Lo shzft out 8 yits fron IEIOPB location 40 .

under control of clock 2. . '. Sl

L Tl
. S

041A LDA #00 o \\\\;"

_041C STA AOOB ~ Shift redister disabled
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" Set shift redgister for shifi out

under clock 2

Load accumulator with contents. of
memory location 40
0426 STA AQOA  Start shift out of data °

0429 LDA AOOD . Check for flas Lo indicate data
. . .-.° Shified}out‘: o |
042C AND ¢d4A“‘5n‘.:

042E BEQ 0429

0430 JMP 0414
Load éA inio;memofs lbéatiOn 0640. :
;-Cohhéét Dséilloséopq to CB2..

Execute PPOSPBm;

' Observe a ser1es of AA Pulses on CBZ. These are

;.sh1fted out from memors locaton 40 by the ern 65 shlft

'pe51ster. //

‘Change data in memors location 40 and execy e again.

ProSram to shxft in 8. bits under control o

clack and store the data 1n ‘menory locatxon 40.

'~ 03B8 LDA #00 ' |
03BA. STA AOOB  Shift resister disabled
035D LDA #08 | o
03BF STA AOOB  Shift resister ;n'pndér‘qxéck~2~

" 03c2 LDA A00A R
03¢5 LDX %04 - . g



)
B

: R9L :
03C7 DEX ~ . Set ur timind loop . e |
03C8 BNE 03C7 }
03CA LDA #00
03CC STA AOOB  Disable thft register
 O3CF LDA A00A _  Get data
‘o361 sTAU0 S
0303 BRK, - o B
. '> ° - . ~ T
Lo on CBL. o v
ExécﬁteAProgfaﬁif
. Checklmempré.lﬁcéﬁion ;6; Bata.3...}.....;.}.;..,f..¢{
- Hi on 6B1. ;
Exécuté Program, . ) :
'Cheék memory locaiion 40 :Batas:.....w}...;...;.;;...._
>‘Isfthe'a§§y§ d§ta correét?: Explain. j} - ;///
, .
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Learning Activitws B29

Alarm Program

- 1
-~

ObJective! To write a Program that uxll monitor 14 1n9uts
and control 2 outputs.

s

 Write a comruter rrogram that will allow the AIM 45 to
monitor 8 smoke detectorss 2 burdular slarms and 4

. temrerature redulators. The AIM 65 will cutrutl 3 logic 1 on

Fort B bit 0 for an alarm. A logic 1 on Port B bit 1 will
turn the furnace on and & lodgic 0 on the same port uill
turn the furnace off.

Dg51gn.an interface for the smoke detector and burgular
2lerm so that the AIM 63 inrut rort will sense 3 lodic 1
for an alarm. L :

Design an interfsce so that an output from. Port B b1t 0

"will sound an zlarm.

~ Desidgn ‘an 1nterface s0 that the output fron Port B bxt
1 can turp off and bn a furnace.,;ﬁ
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. , ‘.Lea}nins Aciivits R30

Eell Program.

ObJjectivet. To write a computer Proénaq for the AIM 65 that
will simulate the bell rindindg in Bgun‘school.
Write 2 rrogram that will outrut 2 rulse on rort B bit
0 for 3 seconds each time the bell should rind in gour
school, This srodram should rereat every 24 hours.

. Dlesisn ‘an interface so.that the dats ai rort B bit 0
will- close a2 relay as long a8s bit 0 is 3 logic 1,
_ : ' S g '

i
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IV _INTERFACING

Serial
Parallel

Uart

5 0O =W D

Analog - Digital and Digitsl .- Analoesd

Sof;uare interface (Z-80)

S m

PIfAs VIA (6502)

A computer rerforms essentiallu two functions,

1, Process datay 2. inrut/outrut data. This section
deals with inrut/cutput data. o

. Almost ‘811 microrrocessors use the same busses for both
memory and inrut/outrut transfers. Two methods are used to

distinduish memory data and address from inrut/outeput ‘data
and address.

1, IsQlated input/outrut ¢I1/0) in which memoruy and I1/0
L sddresses are decoded separately. TBPICél

microrrocessors tLh¥t use 1solated I1/0 Bre Intel 8080
‘and Zilo=-Z80. -

2. Memory - marred inPput/cutrut in which I/0 rorts are
treated exactlu: the: ‘same 3s memors ‘locations.
Tyrical microrrocessors that use memory - marred 1/0
are Motorola 6800 and Rockwell 6502,

‘Fidure 1 shouws 3 microcomruter with an isolated 1707
section. The signal select line will select I/0 address
and data when the -line is driven Hij a Lo will select
memory address datd for the microcomputer., -

4

' Features of isolated 1/0¢
1. Short addressing instructions (OUT 01s A)
2;”§rogramé.3fe clearer usinslllo instructions

. 3, Reauzres extra decod1ns and nachlne 1nstruct10ns for
- I/0 .
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Q
ﬁ : us -
, | : ) Drivers . . ﬁi%;. _
Address Bus ' p |
- Memgry Address Bus
CPU : ' D Drivers _
. “ : e
Section Select :kV ‘#
€ 1/0 | pata B
Bidirec- a;a us
tional
Drivers
T : ‘
_Data Bus Bidirec- €
tional .
Drivers - . =
- | Memo Data Bus
Figure 1 d B ry | ous
[Address Bus D '
: ' E Memory
3 O _‘ ‘
U Add Bus
T : Input : SR
. _ ' ' Port K _From Peripherals
_ oders U Add Bus
: B = A
, Output ' N
: 11 B UAdd Bus
- A . " 4{ .- R - - ‘
Data Bus MeT°rY .

Figure 2
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Figure 2 shows 2 microcomruter with memors — marred
The processor uses the same instructions for memory
170 transfers. Srecific addresses must be set asjde

1/0 tranéfer of data. The AIM 45 reserves A000 to AFFF
1/0.

“Fegtures of memoryg - marred 1/0:¢

1, Difficult to distinsuish between comelex I1/0
instructions and memors instructions.

2. 1/0 #orLsAuéé ur memory address srace. % K of
memors is used ur for addressing in the AIM_ 63,

3, Incorrorates LSI devices (FIAs VIA) that aid in
interfacing external devices.

4, 1/0 cﬁips may be diff{cult to srogram.

~Ususlly memory ~ marped I/0 is best suited to sustems

that use comrlex interface chirss whereas isolated 1/0 is
hetlter for sustems that use small and medium -— scale
intedrated circuits.
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Learning Activituy Al
SERIAL INTERFACE
8

UbJecﬂive. Jo write 3 rrodgram to caonvert serzel data to
. Farsasllel. :

[N

The comruter processec data in Farallely in fact the
‘data bus is 8 bils wide. Surrose you wish to outrul data
to 2 rrinters there are two rossibilities?

1, Eisht rarallel lines betueen the #rinter and the

comruter rlus 8 common line.
2

common line.

In'obder far the eisht bits to be transmitted or

received over 1 liney the data must be converted from -
rarallel to serial. - S

-

2

Normal serial transmission is as .follows!

LSB . : . MSB

110 ]1 0 0O 0 ]1 0

Stop Stop
Start Bit Bit

Bit T(——e Data Bits ——-)

Each 8 tit character is converted Lo 11 serial bitsy 1
start bhits 8 data bitsy 2 stop bits,

Suprose the dats transmission rate is 10 characters rer
second and there are 11 bits eer characters then the
transmission rate is 10 % 11 = 110 bits rer second or 110
Baud., The width of each bit is 1/110 = 9.1 -11115econds.

Thxs is standard TTY transnlssxon. ' ' , <

For 3 computer to PPO?BPIB receive data from 'z TTYs the
following procedures are necessary.

1, Locate the start bits (Logical 0)

2. Centre receptlon on the start bit by u31t1n3 172
times 1.e.s 4.5 milliseconds.

2. Oné line betueen the rrinter and the comruter Plusia'"'
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.1 millisecondss i.e.sr centre on first datsa

bity the Least.SiSnificant Bit (LSR).

4, Shift that bit into the carryg flag.

e Wait 9.

1 millisecondsy shift second bit into carry

flag and first hit into comruter word.

6; Continue shifting 3ll 8 hits 1nto the computer word
viz the carry flad.

7+ When all 8 bhits are shifted 1nto 3 wor y return from -
subroutlne. ’ :

ey

The follou1ng prodgram will fetch serlal datsa from a 7Y
vig bltr7} Fort A on the VIAa and rlace Lhe data in memory

locat1on 0060,

0400 LD 200

0402 STA
0405 STA
0408 'LDA
“040R BMI
040D JSR
0410 LDA
0412 JSR
. 0415 ROL

0418 ROR
0419 BCC

041B STA

Delas Routine! S ‘ & -

0500 LDY

03502 . PNE
0504 A Y
0506~ LDX

0508 DEX
. 0509 BNE

.. 050B DEY

" 0S0C BNE

050E. RTS .

- Remember$

0. .
041D RTS - - -

A00C "All control lines inrPutl
A003 Port A input :

AODL Locgkind for start bit
0408

0500 4.3 mlllxsecond del

. 380 MSB = 1

0504 9.1 millisecond delay

A001 lLoad dats in Bit 7 f A001y into

- carrg flad - _

R Transfer data bit froa carry flas te ° .~

w " “the accumulator bit 7y Hi in bit 7
transferred to bit 6 :

0415  Get another bit if flag = 0

Continue when the Hi- that started in.
‘bit. 7 is shifted into the flad.

$05

0506

$0A
$B4

0508 _
0506 ' e ¢

th 0 of data is recezved first at Pin 7 on
" Port A,

[

s
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w

lefine the followindg!?
B"I 000000'.000000000000000000_00000000
‘ROL 0050000000000000_0000"‘.000'00.00’00
.ROR 000000&000000000000:0000000900-0000' ’ : b
o BCC [ 2K BN 2F BN BN 2K B B 3K R 2 BN N NF N I RE BE NN K NE N N NN RE BE N N BE N B B N )
The sidnals used in the above illustration are all TTL
logic levels, . .
This prodram will be recuired for learnlng actlvxts Alds
be sure you understand the rrodram loszc.
‘Modifu the above rrodram so that the rece1ved data is
,dlsplased on the AIM 45 D15P133. -
.. * d
% . . .
. . yi §
. g
R a ‘
¢ - © A
- 3 ; s
: - 5 .
. -
‘ >
- .
’ - .
< ' 5 :
/A. N .’k.
- » s
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Learping Activitu A2 v

EIA Standard RS-232C }nterface
ObJective: To interface TTL.lodic to RS-232, . e

The EIA standard interface betueen -computers and -
rerirherals consists of the followind sidgnals and circuits -
"from" and "to" data communications eauirment (DCE) at the
terminals? . . '

Ground (as a basic refrence)
Common return _ I ‘ Temt
Transmitted dats (to) . . , ) R
Received data (from) '

- Request to send (to)
Clear to send (from)
Dats terminal ready (to) -
Ring indicator {(from)
Receive line sidgnal detector-(from) -
Signal BGualitu detector.(from)
Two Data-Rate selectors (to datza terminzl eauirment or DTE
sourcer and from data‘communications eauirment or DCE - o

source) : : ¥
o Two transmitter sidnzal element txmlnss (to ITE source andg
from- DCE source) N : ﬁ

Receiver signal element timindg (from)
Secondary transmitted data (to)

Secondary received data (from)

Secondary reauest to send (to)

Secondary clear to send.(from)

Secondaryg received line sidgnal detector (from)

-

-The Various‘éiﬁcdiﬂs determine the "hand shaking"
needed to establish 4nterface caonnections.
) L2

UsuallB we will be concerned with only the f1rst exsht, -

&, o T e

‘J;_mﬂfor exanrle to send data from a comruter to a3 printer onls :
“'the! following signals are reauired at the Prznter.

-
A

* Received data W
DBatea termznal ready an
Slsnal common (m3yu be attached to signal sround) -

T RS-232C signals are desidgned for serizl transmission
cover lond distancess up to 100 feet. These sxsnals have the

followingvoltase levelss compared Lo TTL logicy ‘3 hisgh is
'—12 and a low is +12#¢ * #

i,
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) §1ﬁce most comruters and rerirherals work at TTL lddic
levels the following circuits can be used to convert RG-232
to TTL lodic levels and TTL to RS-232.

¢ *
2.2 K : ‘ -
RS-232 . : TTL ’
o—— "N/, —p- {>¢ —0". N
Figure 1

o 15k

T'I("E . , 4
a3 .

_ jok

Wire uP the above circuitsy connect Fid, 2 RS5-232

— - Figure 2 T

_ output to Fig., 1 Rs-232 1nput.

-Placg s logic 0 on the TTL ineut in Fid. 2

Fig, 2 RS-232 oulpul = vevrennes

"Fid, 1 TTL outPut.= tesrsrIOIBIIL Y o

Place a logic high on the TTL ineut in Fis, 20  ~ . ~
FIG., 2 RS-232 outpul = vevessees .
Fi’go' 1 TTL outrut =otoooot.0 o'mooool . - ’ ::':Uv_ v .
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‘Desidn a circuit that will ¢

1 Accert data from the AIM 65 in serial form and convert it

to EIA RS-232y this siénal should be able to drive anu

RS-232 device (eprinter).

s

2 Accert 3 date terminal ready (DTA) sisnél from the RS5-232

dévice and chande it to TTL losic.l - '

\\\\\\3 Write 3 program that will take data fromiseauentia;

l _
memory locations starting at 0200y outrput it to a8 RS5-232
|

device and halt the outeul when it receives a DTR sisnal

w from the RS;232 device.

- For additional information see Introduction to
Microrrocessorss Softwares Hardwares Prnq}amnins by Lance

A. Leventhals rage 424-427,

Show the completed prodect to wour teacher. He will

have an RS-232 device uou can use to test uour rrogian and

“interface.
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Learn1ns Act1v1t9’A3

20 MILLIAMP CURRENT LoOOP

Ohjéétivé:_Té interface 20 Milliam§>Cuprent¢LooP to TTL.

The Model 33 ASR Teleture (TTY) communicates with:

" computers through current loops. Current loors have the

followind chanactgristics:

1, Lodic 1 state! presence of current of aPPrOXimatels
20 mA in the current loor,

2., Lodic 0 state. absence of current in the current
~ loor.

Current loors are low imredance transm1ss1on lines. that
are highly resistant to noise. Digital sidnals can be

transmitted via current loors for distances of/ up to a mxle
with no loss of 1nformatxon.

Interfacing the TTY 20 mA oreration with[JTL lodic
recuires the use of orto-isolators.

Figyre 1 is an iiiustratipn of such a circuit.
+5 +i2

\

Serial 5 + TTY
‘Interface ‘ 1= )
TTL : 3,5

: Seriall

——“—.—_-l
In -

Wire ur the sbove circuit.
Connect the serisl out to the ﬁIH 65.

g, Load 3 ser131 print Prosram. (See learnxns activitu A1) "

K

Output data from the TTY to the AIN 65, : ' ¢
Shouw the communication to uwour teacher. '
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"Learnins Activity K1

'FARALLEL INTERFACE (8 bit words)

ObJective! To rarallel interface the AIM 65 to a centronics
Pr;nter.

Probably the edsiest wau Lo interface the AIM 65 is
rarallel. All the data lines are parallels the memory is
rarallel and the VIA has Lwo eparzllel outrut rorts.

To rarsallel interface the AIM 45 to a printers the
followindg sidnals are reeuired' :

1. Eight data bits (Bit 7 is not normally used).
2. Strobé (Active on Hi to Lo transition)..

3. Busy (Indicates the Prznter is not reads Lo receive ‘.
data). :

4, Signal sground,

Several other control lines may be usedi howevers these
are considered 2 minimum.

Program to rarallel interface printer to the AIM 45..

0400 LDA %00 . oo .
0402 STA A0QC Set CB2 in rulse mode ocutrut
0405 DA 200 )

- 0407 STA A003 _ Set ur Port A as inrut
040A LDA ¥FF 7 -
040C STA A002 - .Set ur Fort B as outputl
040F LDA A001 -

¥ 0412 AND 201 . Mask off bit Oy tqjcheck busy
0414 BNE 040F Check busy oy
" 0416 JSR E93C Get data

0419 . STA A0Q0 Outrut data and strobe on CB2
. 041C JJSR E974 . Data to Displau
041F JMP 0400

Wire ur the centronics printer Lo the AIM 45,

Use buffers to insure no damade to the printer. You
will have to determine rin connections from the
centronics manual and the above interface erodgram,

~Have the teacher check your "wirind. -
l.oad the erodram into the AIM &5 . -
Execute the PrOSram.

Data erinted on uour disrlas should now be printed on .
the external printer.,

Imrrove the above interface by 1ncludi g the ACK ,
( scknowledde ) 51snal in BOUP Frodram.

o : | | \\\\§\
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Learning Activity B2
FET and the IEEE-488 Bus | .

FET and the IEEE-488 Bus is 2 book asvailatle from

Ostorne/McGrawu—~Hills 630 Rancroft Wsges BerKkelews Czlifornisas
94710.

This is the onle «comrlete guide available on

interfacing PET to the IEEE-488 Bus.

From this book wou will learn how Lo -erogram the PET

- Interface to control rouwer surrliesy sidnal sourcesy signzl

analurers and other instrumemts., It is full of epractical
informationy 2s one of the authors azssisted in the 0r131nal
gesidgn of the PET IEEE-488 1nterface.

'

The outrut ports of the PET are identical to the output’
rorts an the AIM 65. Both use the VIA and PIA for
interfacing. Unfortunatelys this books ordered Januaru 1980

has not been received at the tlme of the rublication gf
this document. . 49-

PET and the IEEE-488 uillaprdkide extensive interface
learning activities for the student.

"
15

o
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Learnindg Actzvztg C1

UNIVERSAL QSYNCHRONOUS RECE IVER/TRANSMITTER
) | (UART)

ObJectivés: Demonstrate how to sena an B bit biﬁaryiuord‘
serially from the transmitter section to the
receiver section of the UART.

Examine the behavior of the oulsuts at rins 19y
22y 24 3nd 25 on"the‘UART‘chiP.

emonstrate how wou can control the number of

. bits in the asunchronous .character transmxtted
b 3 UART. °

&

UART stands for Un1versal Assnchronous
n Rece1ver/Transm1tter . Essentiazlluy it can receive Parallel "
, data and transmit il serial or receive serxal data and
st thansmit 1L rarallel.,

Complete experiments No. 1y 2 'and 3 in the Busbook II
by Larsen. ‘

Thgse exercises could bevgbéred“bg é‘Srun of students.
Activits?!

1, Wire urp 2 UART (AY-5~1013) so that it will accePt 
rarallel data>from the AIM 45 and transmit it "

serially.
2, Feed the serial data to another UART, at a remote -
- locations outpul rarallel data to drive a set of o

LED’S. Inrut characters. from the AIM" 65 kKesboard-
- and. monitor Lthe ASCII code on the LED¥ S,

Spec1al Instructions?
One dgrour sel up number. 1,
~ Second drour set ur number 2.

«

.

De}onstrate the fzﬂlshed Product for 3our Leacher'

For additioftal information see‘MlcrocomPutins, QPPIL:
1969+ pade 62, B
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Learning Activitu D1
Digital to Anslog

ObJective! To construct = digitzl to analos eonver{ér.

To interface the digitsl to analog converier
with the AIM 45.

A didital device deals wit (///fa\\

h discrete voltade levelsv
either 2 Hi or 2 Lo,

Analos sidnails have voliage levels that vary over a
uwide renge and can be either rositive or negative.

A digital to analog converter (DAC) converts dlgltal
voltedes to analoz voltages or current.

Schematic diasram of éwdigipél to analog converter.

‘V+5 oo Be

~ Ri
\n -
~ﬁ0 1/ 12
T —4py
T L] AT e
>—8 e T | 3 St
— Mo, - B
2 ' ..
Parts Listt r— TR ¢3
wcr MC1406 DAC . o,
I1C2 201 or.ampe
R1 o 2700 172 uatt reszstor
R2 2700 1/2 watt resistor
R3 o 2000 1/2 watt resistor
" R4 o " . 1000 ohm varible resistor 1/2 watt.
C1 ‘ . 100 ricofarad caracitor
€2 = 47 picofarad caracibor

Cc3 - 100 ricofarad capacitor
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Wire us the circuit in fiéure 1.

Interface the AIM 65 and ICi via the versat1le
interface adaster rori K.

The followlns rrodram is designed. to control the ouLPut
voltade aof IC2s i.e. the analaog voltage.

‘The mamimum voliage will be set at +5 volts., This will
occur when the datz fpom the VIA is 00y remember only 6
bits will be used by the digital to analos converter.

kﬁlnlmum outeutlt will occur when the data at rort B is 3Fs

Fraogram

0200 JSE 0400 Set ur rort B as an outrut rort. See
learning activity B 16,
0203 JSR EJFL Inrut 2 characters from the Kewhoasrd
' : to the sccumulator.

0206 = STA A0QO Qutrut datas to the DAC

0209  JMP 0203 = Get 2 more characters

Connect 3 DC voltmeter betuéén IC2 rin 6,ahd.ground,
Execute~the PrOgranm., . | | f)

Inrut 00 from the Kewboard, ’
%Adqust R4 so that the volimeter reads S volts.

Comrlete the following table.

Kegboard ‘ Voltmeter

oo L'( 60000“’0

10 L 2K 2R 2N 3R 2N 2N 3

20 rres s e . ) B
- 30 ) seeserre

38 et reE b

3F I . RN

© e

urite;up 3 short summary on how the data from the

_keuboard is converted to an analog voltade.
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Learning Activity 2

Itigital to Anzlo=g

OhJjective! To interface the the digital cutrut of the AIH
. 65 with 2n analog voltadge. ‘

X

The outrut of the digital comruler in rarallel mode is
normally 8 bits., A simrle digital to analog converter uses

srecifed datas usually in Parallel formr to switch off or
an AC anslod devices. '

Figure 1 is a tupicai AC rower coniroller manufactured
be DIEGOy Inq. Bo:: 3009y Roulder quo do 80307,

Decerirtion of the circuit!

Dzts is arrlieds in rarallels to 1C8 and IC11, HWhen the
correct address and 3 strobe is srrlied to IC1 and ICS5 =2
tridder is develored at ICS5 pin 8 which latches the data
“into IC8 and IC11.

If any one of the outruts of IC8 or IC11 is a2 lodgic 1
current will flow throush the. correspondxns ortoisolator
and suwitch on the triac. An AC load must be rplaced in
series with 120 VAC and across rins 1 and 2 of the triac,

firrlication
1 -
Place a2 50 watt 120 VU lisht bulb in series with 120
VAC. Connect one side of the AC to rin 1 of 1 and connect
Fin of .@1 to the orrosite side of the AC load.

g%

fidure 1 connect the following Jumpers!

to r#in 3 IC1
to rin 4 IC1
Lo rin S IC1t
to rin 13 1ICS
to rin 1 ICS
to rin 2 ICS
to rin 3 ICS

AAAABRIB 5

Connect the AIM &5 to the AC power controller.

uxée ue Port B id the data'iznes
Wire up Port A to the address lines

Connect an inverter between CA2 and rin M (the strobe
-lzne)

>



AC POWER CONTROLLER




Prodgram
LDA 404
STa A00C
1.0A #FF
5TA AQ03
STA AQQ2
LTIA - 300
5TA A000
Lha 201
STA é;iix)
DA 201
STa A000
LDA $#01
_STAa A001

315

£A2 rulse mode output

Sel ur rorts

Clear ortoisolators

- IIsta to turn on Qt

Latch datz to ortoisolators

_ﬁrite g8 rrodram that will slternately switch dff and on
Q1 and 82, Connect 3 50 watt lisht bulb in series with 120

VAC across each.

Execute the rrodram. Show the result to your teacher.

s
Can sou make the lishis flash?
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lLeerning Activitu 03

Analog to Digital-

Obuect1ve. To construct an analod to digital converter.

_'“IA;'fhe 6502 Arrlicastions Kook by Rodnew Zacks contiains
2 circuit that converts an anslog voltadey chande in =
. . thermistor resistancey to & digital voltade.

See Pagév206 to 213 é¥
Construct the circuit in figure 5-47, pade 206.
Load in the erogram on rage 210 énd 211,
Execute;the PPOSraﬁ.

‘Nleserite the rrodram oreration.

B. MlCPOPPOCESSOPc be HeathKit Contdinuing Education
~contains 2 eprodgram and circuit diagram that will convert an
analog 513nal to 8 digital siSnal. .

This c1rcu1t {figure 10 —84) could be used to emulate a
digital voltmeters for.additionszl 1nformat1on see
Microrrocessors rade 10-108. -

: Constrg%éffﬁa\circuit in fiSure 10-84 and uwrite a
Prodgram at the AIM 65 can sinmulate 3 digital
" voltmeter, See fidure 10-85 for additionazl information.
Being able to read the 4800 assembler rrodram on sade
10-109° will assist sou in writinz 3 rrogram-for the AIM &3
using mnemonic codes. »

S 3
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Learning Activity E1

SOFTWARE INTERFACE -

—

OhJdective! To introduce 3 softuare interface.

Softlware rrodram to outrutl .the contents of accumulator
-to 3 erinter via rort 3 and 2 strobe ocutrut on bit 3» pPort
1. This rrodram can be used with a2 Intel 8080 or 21103~80
MPU that emrlous 1solated 1nPut/outpuL. '

L

T 0618 Push AF
0619 Push BC
0614 Push DE
061BR Push HL
061C Push AF
061D 1IN or - ~ e
041F Bit 7.4 Check Port 1 Bit for busy signsl
0621 JR - NZyFA If busys read rport again X061DX

0623 NOP - : :
- . 0624 POP AF, . Accumulator from stack
0625 0OUT 03 _ - -QOutrut data rort 3 ~
0627 XOR- & Clear accumulator
0828 OR F7  Clear bit 3
‘0624 OUT 01 °°  Quteutl Lo on bit 3 311 dther Hi,
- 062C SET  3»A. . Bit 3 Hi
. 062E 00T -01 - Outrut strobe
. 0630 POP HL. . Pop stack
0631 POP_ DE _Pop stack ‘ : A
- -0632 POP BC ‘Por. stack . : o o
0633 POP . AF Por stack : ; .- S
9634 -RET . . Return from print subroutxne RN

~

_This . subroutxne will output data to dr:ve 8 Parallel
rprinter. The reeuxrements aret

1. When a erint, 15 reauireds the data to 8é eriﬁted‘i;
in the accumulator.- . sk

2. The maxn Prosﬁan calls upP a subroutxne at memoruy’ ..
locatxon 0618.

%r.the-ﬁlﬁ é5 so thal it
arallel rrinter whenever 3
F1 on the Kesboard.

Write a similar subrnutxqg
will print data on an external.

;,%?C . ' ,~Z\H;U:T L

Yo,
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- Learning Activity F1

Periphéral Interface Adarter (PIAQ) u

‘ObJectivet To be able to set the Control R931sters and Data

ODirection Reglsters of the FIA, ®

A
2
*

The FIA is an I/0 device which ascts as an interface -
between the microrrocessor and rerirherals such 3s
rrintersy disrlauss Keuboardss etce It is comerised of two
almost identical sectionss A and By each carable of
receiving or transmitting eight bits of da%f, .

See figure 1 . . w

[y

CrRA

1
1

Control Redister A

CRB --> Control Resgister R

ORA ~-> Perirheral Quirut Redister A ,
ORE --> Peripheral Outrut Register B Al
IR ——> Data Inrut Register.

z-'i; :

_ ‘For féibher information on the PIAs see Rockwell’s
<.R6q0“ Microchgruter dats sheet on the FIA. Availsble from
"Rockwell Inter tionaly Ahaheims CA 92803, USA.

Recause of sin l1m1tat10ns the Dats Direction’ Re31ster'

{DDRA) and rort A both have the same: dereSSy ACOO. For
BORR and rort B the address ig ACO :

2
e

" In order to rea3d datas from rort A theafoilouins
sepuence of events musti occur., '
BV -
: : : ' s ' . .
1 Control Register A (CRA) address -ACO1 bit 2" is réset
to '3 lodic zeros this means that ‘address ACO00 serves DORA.
- If bitsz is set to a logic 1 then ACOO serves Port A.

_ 2 Reselt all 8 bits of DBRQ to los1e 0 nakes Port A an’
. 1nFut rorte - S

o7
S

. 3 Set CRA bit 2 address ACO1 to logic 1, couses ACO0 to
"gerve port A. _ 4 . .

+ 4 Read ACO0 i.e: read data — A

Tgpxcal assembler prosram to read data at rort A.

" LpA $FB

AND -ACO1 o

STA ACO1 CRA bit 2 losic 0

LDA #00 . o

5TA_~ACO0Q . o

LDA ~ 204 Set data direction

ORA  ACOL - . - &

STA ACO01 Port & aclive _ S
LDA ACOO . S S ¥ -



A R ek e e B

Aaend oW A e S % L

imin i,

APPSR

. Interrupt- ‘(__v_CAl
Status : .
Control A ¢ *c,\z
DY & L
D1 <&« N CRA Data
D2 (___)gata' o 1 [ Direction
D3 ¢&—us | Begister A
_{jBuffers D%RA’ '
i H(__)(DBB} }? a
D6 ¢ Qutput Bus
D7 & g
. U N1
. / . )
DIR |
° | ORB
/ —
CSL ey
" 4Chip -
CS2 —Y Select .
CS83 .—Y and Input Bus
RSO —3 &R/W ' i - Data.
RS1 —yControl Direction o
= ] g
RESET——} - '|i
[ ~Interrupt
|- Status .
Control B -~
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N

Write an sssembler rrodram to.read the dats st rort E.

ACO2 is the address of DDREB and Port B
ACOZ is the address of CRE

Write an assembler rrodgram that will outrut dats to
rort B isey rut 811 lodic 1’s in DIDRB.

The followind examrle will be used to illustrate somef'
of the feztures of Control Redister A (CRA) and Control

Exanmrle .

Register B (CRE).

1 Fort A will be used for inrut

t3

FPort B will be used for.dutput

3 Set ur control redgister A and B for the following
When data arresars on rort A and the rerirheral
sidnals the FIA thal data is readus the PIA (via CAl)
will interrurt the CPUs read port A and denerate 3’
data taken signal.

4 After the CPU rracesses data it outruts the data via
port B, Port B will generate 2 data available signal.

Solutiocn

. 1 Write an assemhler rrodgram to set rort A as inrut.

2 Write an assembler pradram Lo set Fort B as ouLPdt.

3 Bit 0 on CRA must be set Lo a logic 1 to SQneraLe an
interrurt (IRGA) when CAl gges Lo,
Bit 3 =2nd 5 on CRA must be set to = loslc 1 to
generale a data taken sisnal on CAZ after rort A is

"reagdg”.
LA 329 _ , .
STA ACOI oot bit 0r3+3 clear'other bits

14 81ts 3 and S CRB must be set to loslc 1 to senerate 3

data asvailable on CR2

- Combine 1+2y3s and 4 to write 3 prodgram that will set.

CRAy CRBsy DDRA and DDRB to accomodate the examrle

sbhove. - o

-

Use the memory eyan1ne functxon to check data in CRA!
CRBs DDRAs DDRB. -
Show uwour teacher the result.

Py
M

At e s At ek S
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R6500 Microcomputer System \
%  DATA SHEET

. e ’
DESCRIPTION - h : FEATURES : ¢ =
' 'Lhe R6520 Peripheral imerface Adapter is designed to solve a . Hngh performance rep)acemem for MotorolaIAMllMOSTEKI
broad range of peripheral controt problems in the implementation - Hitachi peripheral adapter
of microcomputer systems. This device sllows a very effective ¢
: k X @ N channel, depletion load technology, l le +5V suppl
trade-off bet software and hardware by providing siynificant cha pletio ng sing'e HPPEY -
capability an:e:m%t{ility in @ low cost chip. When coupled with @ Comgletely Static and TTL compatible. '
“the power and speed of the RG500 family of microprocessors, & CMOS compatible peripheral contro! lines.
the R6520 allows implementation of very complex systems at a .
minimum oversll cost. _ .. Fully automatic “hand-shake’ allows positive control of data
. ' transfers between processor and penphera\ devices.
Control of peripheral devices is hardled primarily through two e Commercial, industrial and military temperature range versions.
8-bit bidirectiona! ports. Each of these lines can be programmed ) . :
to act as either an input or an output. In addition, four ppripheral ~
control/interrupt input lines are provided. These lines can be used v vss 1 0B cat . -
to interrupt the processor or for “hand-shaking" data between the ) paoC]2 393 caz '
" processor and a peripheral device. . ' R o £ 38 iRAA
Ordering Information . - paz 4. 37 iRGE
pAa3 s 363 Rsa
Order Number: R6520 — — T - . b pag 6 35{7] RS1
Temperature Range:’ ' _ pas}7 34 RES
+ No suffix = 0°c to +76°C . pAc C]8 33j3J po -
E.= -40°C to +85°C . pa7]9 2P0 -
- {Industrial} : . PBO E 10 31 o2
o’ o . ' PB1 11 30 o3
MT = -5 + :
. . m:rc:o) 125°C pe2 (112 2904
g ey : - pearcy13 . 28FiDs . :
M = MIL-STD883 ~ . - realZis . 278306 : S
' Class B : : -« . peslJ16 | 26[JD? —_
L —Package: - . . PB6 é 16 - 25 ENABLE
C = Ceramic - PB7 17 241 cs1
T P = Plastic . T eB g 18 233 Cs2
: " [Not Awaitable fof . cez‘é o 22§ cs0
T. . M or MT suffix) - - Vc_c 2T R/W .
’ I ks i=fequem:v HRange:~ h /”“ C B " D .
. i ti
- No suffix -\%z - s . Pin Configura OI‘\ S
_ ' o A ="2MHz - : 1 , : o a
NOTE: Contact your focal Rockwell Representative .
concerning availability. . : ' : ' . .
SR : )~ @ conTROL )
8B <t | b
DATA BUS -4 : )
: ’ " ' ) 8BIT - : )
RE500 _ o <——> partaronT PERIPHERAL = -
MICROPROCE R o . . : RE520 DEVICES —
ICROPROCESSO 3 , _ PRINTERS,
cPy L o> - 8BIT DISPLAYS, ETC..
: . * g ~ DATAPORT : ‘
¢ ; CONTROL *—-’H _ B ,
L | o j€—PcontroL ] -

) k . ) - Basic 865'20 Interface Diagram s



SUMMARY OF R6520 OPERATION

Ses Rockwell Microcomputer Hardwar_o Manual for detailed dascription of R6520 operation,

CA?ICBl Control

CRA (CRB} . .
Active Transition IRQCA {IRQB)
Bit 1 Bit 0 of Input Signal® . Interrupt Qutputs
0 0 Negative Dlsable - remam high
[\] 1 Negative Enable ~ goes Jow when bit 7 in CRA {CRB)} is set by active transition of sig;al on CA1 (CB1)
1 0 Paditive Disable — remain high
1 1 Positive Enabte — as explained above
“Note: Bit 7 of g\ {CRB} will be set to a logic 1 by an active transition of the CA1 {CB1} signal. This is independent of the state
of Bit 0 in'€RA {CRB).
CA2/CB2 Input Modes
CRA (CRB} . ’
“Cactive Tramsition JRQA (IRQB) .
8it5 8it4 Bit3 of Input Signal® Antsrrupt Output
- X
o 1] ] Negative Disable — remains high
s O o ' Negative Ensble — goes low when bit 6 in CRA (CRB} is set by active transition
7 of signal on CA2 {CB2} ,
0 1 o ) Positive Dissble — remains high
o 1 Positive Ensable — as explained above
Note: Bit 6 of CRA (CRB) will be set to a logic 1 by an active transition of the CA2 {CB2) signal. Thls is independent of the
state of Bit 3 in CRA (CRB). K
CA2 Output Modes
" CRA
Bit5 | Bit4 | B3 Mode L " Description
1 o 0 " “Hendshake™ CAZ2 is set high on an active transition of the CA1 .intarmm input signal and set low by
on Read 2 microprocessor “Read A Data™ operation. This allows positive control of data
. transfers from the peripharal device to the microprocessor.
1 -0 1 Pulse Output CAZ2 goes low for one cycle after a “Read A Data” operation. This pulse can be used
. _ 10 signal the peripheral device that data was taken,
. @ A}
1 1 0 Manual Output CAZ2 set low .
1 1 Manual Qutput | CAZ2 set high
— CB2 Qutput Modes
CRB .
rd -
8rx8 | Bit4 | Br3 Made Description
1 0 "0 | “Handshake" CB2 Is set Iow on microprocessor “Writs B Dats” operation and is set high by an active
- ) on Writs transition of the CB1 interrupt input signal. This all positive control of data trans-
. . fars from the microprocessor to the pcriphcnl devi _
1. N 1 : Puise Output CB2 goes low for one cycle after a microproeuwr *Writs B Dats” operation. This
' ' : o can be used 10 sﬁgml the ‘devics that dsta is sysilsble. ‘
1 1 o Manusl Qutbut | CB2sstlow '
A et Manuai Output | CB2sat high




_ AC. CHARACTERISTICS
Read Timing Characteristics {Loading 130 pF and one TTL Ipad) '

’ 1 MHz © 2 MHz
Charactsristics Symbol Min Max Min' Max Unit -.
Delay Time, Address valid to Enable positive transition TAEW ) 180 - < 90 - ns
Delay Time, Enable pasitive transition to Data valid on bus TEDR - 395 - 190 ns
Peripheral Data Setup Time TPDSU 300 - 150 - ns
Data Bus Hold Time ~ A TuR 10 - 10 P ns
Delay Time, Enable negative transition to CA2 negative transition TCA2 - 1.0 — 05 Hs
Delay Time, Enabie negative transition to CA2 positive transition TRS1 — 1.0 - 0.5 Ms
Rise and Fall Time for CA1 and CA2 input signals ot - 10" - 0.5 s
Delay. Time from CA1 active transition to CAZ positive transition TRS2 - 20 —_ 1.0 ‘ s
Riss and Fall Time for ?nable input trE' th . - 25 = 25 ns
Write Timing Characteristics .
) 1 MHz 2 MHz
Characteristics Syinbol Min Max Min Max Unit

Enable Puise Widtlh _ Te 0.470 25 d.235 25 s
Delay Time, Address valid to Enable positive transition TAEW 180 -~ 90 = ns
Delay Time, Data valjd to Enable negative transition TDSU 300 - 180 - ns .
Delay Time, Read/Write negative transition 1o Enable positive TWE 13p - 65 - ns
transition K

Data Bus Hold Time ) : THW 10 - 10 - .nsl
Delay Time, Enable negative transition to Peripheral Data valid TPDW - 1.0 - 05 us
-Delay Time, Enable negative transition to Peripheral Data val?d TCMOS - =20 | - 1.0 s

cMQs WCC -30%)  PAO-PA7, CA2 ’ ] : .
Delay Time, Enable positive transition to CB2 negative transition Tcr2 - 1.0 - . 08 us
Delay Time, Peripheral Data valid to CB2 negative transition TDC . 4] 15]»4 _ 0. 0.75 _ Hs
Delay Time, Enable positive transition to CB? positive transition ¥ TRS1. . - 1.0 - 05 Ms
Rise and Fal} Time for CB1 gnd,CB? inputsignals t. 1, A IR 10 - 0.5 A us
Delay Time, CB1 active transition to CB2 positive transition TRS2 V - 20 - - 1.0 s
"
P

- - Tarw:
!NMF( -_] (-3( r OA'V

X . Tl I ) s
L cAz £r - 24v
TPULSE OUT) J . . ‘
4 . .

K e ® ’ - :
5 24v
ADDRESS X . .
- sav  ._
i ] a .
»' o
oAta cav .- -
. . - [ - g
2ev
DATA BUS © Y 20v°X
- SN [ Y]

 ear - - 24v
ca . 32"5? HE : .
cav :
. ' Temmn] ez _ ..
caz T ‘ \ . o aew dev .
[Mand Shae} - - m

Read Timing Characteristics
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Write Timing Characteristics




Rating Symbol Vsalue . Unit
. -
Supply Voltage ‘VCC 0.3 t0 +7.0 Vde
. tnput Voltage L Vin 03t0+7.0 Vdc
) Operating Temperatyge Range T OC
. Caommercial 0to +70
Industrial -40 to 485

- Military ’ -65 to +126

Storage Temperature Range . TSTG -55 to + 150 °c

This device contains circuitry to protect the inputs against damage due tc high static voltsgss, however, it is advised that normal precautions
be taken to avolid application of any voitage higher thar maximum rated voltages to this circuit.

Static ‘D.c.- Characteristics

Vg = BOVESK, Vg =0, Ty = 25°C unjess otherwise noted)

.Charactaristic Symbo! Min Typ Max ~ Unit
Input High Voltags [Normal Operating Levels} Vin +2.0 - Vee | vee
input Low Voitage (Normal Operating Levels) V‘L 03 - +0.8 Vde
Input Threshold Voltage A\ T 0.8 - 2.0 Vdc
input Leakage Current in uAdc
=0t 5.0 Vdc - +1.0 295
~ RIW, Reset AS0, RS1, €S0, CS1; CS2 CA1,CB1,®2
Three-State {Off State Input Current} ) 'TS[
N (vin =041024 Vdc,'Vcc = max} D0-D7, PBO-PB7, CB2 = 20 +10 RAdc
’ Input High Current ' . llH
(VIH = 2,4 vdc} PAO-PA7,CA2 -100 -250 - MAdc
Input Low Current . IIL . - :
{ V L™ « 3.4 Vdc} PAQ-PA7, CA2 -, -3.0 -1.6 mAdc
Output H:gh Valtage : VOH
‘ Voo = min, M oad ™ -100 xAdc) 24 - - Vde
Output Low Voltage VoL .
(Vc = min, lL ad = 16 mf\_dc) - - +04 Vdc
Output Hi‘gh Current {Sourcing} 'OH .
(V = 2.4 Vdc) -100 -1000 - -pAdc
(VO = 1.5 Vdc, the current for drlvmg other than ] \ 10 25 - _mAdc
TTL,e.g., Darlington Bass) P80-PB?, CB2 N
_ Output Low Current {Sinking) _ . ToL
" Vg, = 0.4 Vde) L N 18 . - mAde
Output Leakage Current {Off State) IRQA, IRQB Ioﬁ - 0 +10 #Adc
Power Dissipation ; P M 200 500 mwW
fnput Capacitance ‘(.}n ' pF
v,,-0.T, = 25°C, = 1.0 MHz _ A\ '
DO-D7, PAO-PAZ, PBO-PBZ, CA2,CB2 - — - 10
. R/W, Reset, RS0, RS1, CSO, CS1, CS2, - > —_ 70
CAT, CB1, 2 ‘ R (- 20
Cutput Capacitance E cout ¢
V-0, T, - 25°C, = 1.0 MHz) - - 10 pF

NOTE: Negative sign indicates outward current flow, positive indicates inward tiow.

 ROCKWELL INTERNATIONAL — MIGROELEC{'RONIO DEVICES

("

Corp.

YWI LOCAL ammummvs w

REGIONAL SALES OFFICES o ‘ .
SOUTHWEST REGION, U.S.A.¢ CENTRAL REGION, US.A. EUROPE .
5 ) Contact Robert O. Witesafl & A3 R 1t ) GmdbH
30 Mirmoms Avenue 8831 East Washingion Street : Microsiecironk; Devices
Anaheim. California 92803 Indisnapoks. Indiana 46218 . anho'mlmu 13
714) 632-0950 (‘lﬂl{? 2‘5:; é?nblc Mgr. (Acting) Manin
X: 910-591.1698 TWX: 210-345:3320 ?“’ &,ég;.,s
MORTNWEST REGION, V. 3. A N
Rt g oM. 1. 3. EASTERN MEGION, USA.» >0
1601 Civic Center Drive_ Suite 203 Carolier Office Building . : . -
‘Santa Clara, CA 95050 850-870¢ U.S. Route 1 :
ADR/984-807T0 North Brunawick. New Jersey 08902 ;Ag EAST
Teiax: 171125 mission anta . 1201) 2463830 " fo!
. } TWX 710 480 8261 RECYC BR llohnll muhw&cho Bidg.
% R E-: Hmm:cno 2chome
a MIDWEST REGION, U3, rosa s Japan
'l !MI MI . 1911 & Touny Avwoue. Suits 245 gL
g ey ois 90013 - eAlso Applications Centars
elex: 726353 Rockwelt i

e i A et b AL T o A I e e £

e

'sn‘)



$ 325
Learning Activity F2
\ Versatile Interface Adarter (VIA)

ObJective! To be able to set the Perirhersl Control

c Register (PCR)y Interrurt Flag Register (IFR)»
Interrurt Enable Rezgister (IER) and the Data
Direction Rediszter (DHR). - ‘

e

The VIA is an I1/0 device which acts as an interface

between the microprocessor and serirherals such 3s
- printersy disrlausy Kesuboards ete, It is comerised of two

almost 1dent1cal sectionss A and Ks esch carable of v
receiving or transmitting eights hits of data., In addition
it contains a2 rouwerful interface timers serisl-to-rarsllel
and parallel-to-serizl shift register and inreut data
latching on Lhe PEPlPhEPBl Ports.

See fidure 2

The VIA will be set ur using the same examrle as the
FIA, For further 'information on the VIA see Rockwell’s
R4522 Microcomruter data sheet on the VIA. Available from
Rockwell Internationzls Microelectronic Devicess Ansheim:
CA 92803 USA. - ‘ E
. Fort A Data Direction Redister (DDRA) is located at
‘address AQO3 and rort R DDRB is located at A002

To set rort A or B for output load FF into the DDR and
to reset rort A or B 3s 1nPut ioad 00 1nto the arprrorriate

~

The following example will be used to illustratéAsome‘
.of the features of PCRy IFRy IER and the DDR‘’s.

Examrle ’ g A
1 Port A will be used for the ineut -

2 Port B;uillfbefused for the outrut

3 Set ur PCRs IFR and IER for the following
~ When data appears on Port A and the rerirheral
signals the VIA via CAI (negative transition) that )
" data is readus the VIA will interrurt the CPU» read
rort A and generate a data taken s19nal. :

. 4 After the CPU rrocesses the. data " 1t will output it
via rort B, Port B ulll then Senerate .3 dats
available sxgnal. . :
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Solution

1 Address of
Address of
For rort A

LItA

STA AQ03

2 Address aof
Address of
For rort H

LoA

STA A002

$00

$FF

327

rort A is AQO1
ODRA ic A0O3°
inrut

rort B is AQQQ %
IDREB is AQQ2
outrut

3 Reset hit 0 on PCR to logic O
Set bit 1 on IER to a logic 1 so that a nedative
trencsition on CAl will cause an interrurt (IRQ) to he
denerated,
_Set bit 1 and 3 on FCR to 2 lodgic 1 so that CA2 will
generzte @ data taken rulse after the CFU reads rort A

LDA
STA
LDA
5TA
LI1A
S5TA

4 Set

LDA
AND
ORA
STA

$0A
AQOC
¥FF
AQOD
" #82
AOQE

set bit 1 and 3 clear all other bits
address of FCR

clear IFR

address of JIFR

CAl interrurt enable

address of IER

. bit S and 7 to 2 lodic i and clear bit 6 on the
PCR so that after dataz is written into rsort B =2 data
aveilable sidgnzl will he generated by CB

- #RF
“A00C
$AI
A00C

clear bit & and set bit 5 and 7 of PCR

4 could be combined with 3 asbove to form

LDA

8TA

AR

AQOC

set bit 1y3sSsand 7 clear all other
hits

Combine 11¢v3 angd 4 to wr1te 3 Program that u1ll set
PCRs IFR» IER» BQRA and DIDRE to accomcdate the above o

- evamnrle.,
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R6500"Mi-crocomput'er System

DATA SHEET

VERSATILE INTERFACE ADAPTER (VIA) :

DESCRIPTION

The R6522 Versatile Interface Adapter {ViA} features two 8-bit
bidirectional /0O data ports, four /O control lines, two inde-
pendent 16-bit timers and an 8-bit serial-to-parallel/paraliel-to-g
serinl Shift Register. Seven detectable /O conditions are.indi-
cated in an Interrupt Flag Register. These conditions méy be

_programmed to issue an interrupt request to the processor to

allow polled and/or ‘immediate processor response to selective,
HO line, timer, and Shift Register operation.

Control and menitoring of periph'eral devices is handled primarily

through the two 8-bit 1/0 ports. Each 1/0 line can be prdgramrﬁed'
to latch input data. .The four [/O control lines provide an expanded
handshakinig capsbility which gllows control of data transfer

between the R6522 and interfacing peripherat devices or between **

separate VIAs ‘in multiple pracessor systems. Programmable
negative or positive edge detection capability on the- Y0 control
lines allows the R6522 to be eas;ly included in. a variety of exist-
ing and new control applications. Each con‘t‘rot line may be pro-

gremmed to interrupt the processor upon defection of a nsmg or
falling edge.

One /0 line can be selectively controlled by a timer to generate
a8 programmable-frejuency square wave oOr a variable-wit”‘ rec-
tangular wave. Anothar /O line can be conhgured to “tount
externaﬂy generated pulses using the other timer.

Positive progtammable control of the R6622 VlA is achieved
through its internal register organization: the Interrupt Enable
Register, the interruén Flag Register and two functuon/penpheral

. sontrol registers, the Auxiliary Control Regnste{ and the Peripheral

Control Register. .

Ordering Informatién
Ordar

Package Tempersturs
Number Type Frequency R-ngo
RE522P Plastic 1 MHz 0 Cto +70 (o
RE522AP Pleastic 2 MHz 0 Cto +70 (o3
R6522C - Ceramic, 1 MHz 0 C to *70 C
R6522AC | Ceramic 2 MHz 0 Cto #70 C
RG6522PE Plastic 1 MHz 40 Cto +85°C
R6522APE Plastic 2 MHz 40° C to 48500-
R6522CE Cera 1 MHz -40°C to +85°C -
R6522ACE = Ceramic 2 MHz 40 Cto+85°¢
RE522CMT Ceramic 1 MHz 55°Cto+125°C
r lin’". ' } .
— poATA )
DATA gus CONTROL
AT
(14
™ L5 & k:> DATAPORT A 10
ReB00 4 2 CLOCK ——pp] MEE22 PERPHERALS
b AEGISTER m:: <> Nf:mm s
cuirseLEcTs ——>] .
—  poORTSE
\ ™ e— jor—p- CONTROL ]
Basic R6522 Interface Disgram

|

FEATURES ;

Orgamzed for simplified software control of many functions

Compatible wnh the RG650X and R651X fam;ly of micro-
processors (CPUs}

Bi-directional, 8-bit data bus for communication with micro-
processor

: Two Bi-directional, 8-bit input/output ports for interface wuth_

penpheral devices
CMOS and TTL compatible input/output peripheral ports

Dats Oirection Registers allow each peripheral pin to 'act"a;
either an input or an output

Interrupt Flag Register allows the micraprocessor to readily
determme the source of an interrupt and provides convenient
control of the interrupts within the chip

Handshake controi logic for input/output peripheral data
transfer operations

Data latching on peripheral input/output ports

Twag fully-programmable. 16-bit interval timers/cpunters

<

Eight-bit Shift Register for serial interface - -

Forty-pin plastic or ceramic DIP package

Timer 1 wiih"tou;’ modes:

— One shot interva! timer
— Free runniné mode )
— Both above modes with toggle output to PB7 ensbled or

" disabled )

Timer 2 with three modes: ’ . . r
- One shat interval timer .
- Coums external pulses on PB6

— Clock serlal stufrremster

vss .1 Y| =FS
«PAG ]2 - 393 CA2
ratl 3 38 RSO
PA2 T34 ‘373 RSt
PA3 Y5 s ms2 o
pas C]6 aspaess -7
pas T]? 34} AES ‘
pag 38’ 33 00
pa7 Cl9o npo
rac 10 31|02
" pat L 11 30f 303
P82 []12 " 29304
- PB3 13 28 OB
- PB4 E 14 27306 .
o 15 26107
... P86 [C]16 25 92
r8? []17 2457 €S9 .
ca1 18 23 Cs2 :
cB2 19 2{IR/W
vee cJ20’ 21{1IRG
Pin Configuration

)
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REGISTER ADDRESSING ‘\/ )

The four Register Select Lmes are normally connected to the processar address bus lines to alfow Lhe processor to select the internal R6522
register which is to be accessed. The sixtean possible combinations access the registers as follows:

Register Salect
Addressed . :
RS3 | RS2 | RS1 | ASO | Address | Register RAW=1L RW=H Notss
T N B T 0 | IRB/OAB | Write ORB ' Read IRB 1= High, 0 = Low
Clear CB2 gnd CB1 Interrupt. | Clear CB2 and CB1 Interrupt ’
Flags {IFR3 and IERM Flags {IFAR3 and IFR4) o
L] L]|L |H 1 IRA/ORA | Write ORA ] Read IRA 1= High, 0 = Low
' ) Clear CA2 and CA1 Interrupt | Clear CA2 and CA1 Interrupt | Cantrois CA2 Handshake
Flags {IFRQ and {FR 1} * Flags {IFRQ and {FR1}
- L L H L 2 DDRB Write DDRB Read DDRB . 0 = Input, 1 = Qutput
_ DDRA Write_DﬁRA R Read DDRA . 0 = Input, 1 = OQutput
L | H t L 4 T1 Write, T1L-L N Read T1C-L _
: ': ' Ctear T1 Interrupt Flag
A ~ {IFRG)
L{H| L |H 5 |71 Write T1L-H & T1C-H Read T1C-H
1y Transfer T1L-L to T1C-L. ’
Clear T1 Intarrupt Flag
{IFR6) N
Initiate T1 Counting . B
CH L 6 |T1 write T1L-L Read TIL-.L -+ s -
. H H 7 T1 "1 Write T1L-H o - | Rfead TIL-H
‘ Clear T1 Interrupt Flag
. * . {IFR86) :
S 5 ) T VO I S W DO N  + 2 Write T2L:L Read T2C-L
e . ’ o . ' . Clear T2 Interrupt Flag
BRY A ’ ’ v {IFRS) . . 1
Hit L |H 9 T2 Write T2C-H " | Read T2C-H
" ’ Transfer T2L-L to T2C-L
1 Clear"T 2 Interrupt Flag 3 '
{IFRS) ’
1 Initiate T2 Counting
Hi{L | KWL A |sR Write SR o . | Read SR
) . Clear SR Interrupt Clear SR Interrupt o
- : Flsg{IFR2) . - _ Flag {IFR2) : , .
Hi L | H | H B |acw: Write ACR Resd ACR |
HlH L |L € - |PCR Write PCR "' |ReedPCR ,
HH | L |H D |IFR Write JFR ' Read IFR 1= Detected,
- . . ’ : y 0= Not Detected
H{H|H|L E |[IER Wrie JER - -~ Read [ER .. .| 1= Ensbié, 0= D.sibia
H|H |8 1w F | IRA/ORA | Writs ORA o Read IRA . 1= High,0=Law - 7}
I R : - _ Clear CA2~and CAT1 Interrupt | Clear CA2 and CA1 Interrupt | No Effect’ on CA2
Flegs {IFRO and IFR1) Flags IFROand IFR1) | Handshake 7
I..GA;
. iy A\ i s
ooy onmoTem [ 3 »
TO LOCATE N
o .—.-’. ii' S
e A\ 20
r—f-f:.'-':—-'w L
e -
. A -y -
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FUNETION CONTROL o | : L

Control of the varloul functions and opcratmg modes within' the 86522 Is accomplnshad prfmunly through two ragisters the Peripheral Con-
trol Aegister (PCR}, and the Auxiliary Control Register {ACR} ¥

o

’ PERIPHERAL CONTROL REGISTER (PCR) .

N

P

"The PCR is used primarily 10 select the opamlng mode for the four peripheral control pins (CAt, CA2, CB1 and CBZ}. The Psnphurus Con- ¢
trol Registar js organlzed 8 follows: ’

Bit No. - 7 6 R 4 y 3 -2 1 ‘0
‘Bit Designation PCR7 ~ PCRE | PCRS’ PCR4 * PCR3 PCR2 PCR1 PCRO" |.. .
- pa ' . ; Ak T
. Funpction : €B2 Controt o cB1 i . CA2 Control ’ 1 CAl1+ |
' ’ . Control £ " Control
CA1 Control o , g _ s
PCRO = G The CA1 Interrupt Flag {IFR1) will be set by a negative transition {high to low} on the CA1 pin. . s "
=1 The CA1 Interrupt Flag {IFR1) will be set by a positive transition {low to hjg_h)' on the CA1 pin.
CA2 Control ’ ' "
PCR3 PCR2 | PCR1 _ : S Moda
0 ‘b 0 * CAR negative edge detect ({FRO/ORA clear} mode —&st CA2 interrupt flag {{FRO) on a negative =

transition of the CA2 input signal. Clear 1FRQ on a read or write of *he ORA or by writing
" logic 1 into IFROQ, ) )

o

4} ¢] 1 CA2 negative edge detect {IFRO clear) mode — Set IFRO on a nagat.\,.- transition of the CA2
_ Rl B input signal. Clear IFRC by writing logic 1 into !FRO
' .'0' 1 ) CA2 positive edge detect {IFRO/ORA clear) mode — Set CA2 interrupt flag {IFRO) on a positive

transition of the CA2 input signal. Clear IFROon a raad or write ‘of the QRA or by writmg
logic- 1 into IFRO. . Cl

<

0 1 1 CA2 positive edge detect {IFRO clear) mode — Set IFRO on a positive uamltion of the CA2 -
’ - input signal. Clear tFRO by writing logic 1 into IFRQ.

1 o 0 - CA2 handshake output mode — Set CA2 output [ow g a read or write of the Penphera! A
’ ) Qutput Register. Reset CA2 high with an active tran;;on on CA1.
1 0 . _» CA2 pulse output mode — CA2 goes low for one cycle foflowmg a read or write of the
' : Pnnph"‘fnl A Output Register : " . . ol
1 ) 0 " CA2 low output mode — The CA2 output is'held low in this mcdg> ’
L 1 1 CA2 high output modo - T’he CA'._’ output is held bigh in this mode. . )
CB1 Control B ‘ ' - e . : o ' ,
PCR4 = O - The CBY interrupt Fiag {IFR4) will be set by 8 nagative transition {high to low) on the CB1 pin. - -
S o= The CB1 interrupt Flag {IFR4) will be set by a positive transition (low to high) on.the CB1 pin. .. . F. -
PCR7 PCR6 | PCRS A ' _ v Mode T s
0 o} o CB2 negatvvu edge detect (IFRSIORB clear} mods — Set CB2 interrupt flag (IFR3) on 8 nmtm

transition of the CB2 input signal. Clesr IFR3on s rud or wmg of the OR® or by writing 3
logic 1 into IFR3. '

_ ' -y '
0 (4] 1 CB2 negative edge detect (lFRS clear) mode — Set IFR3 on a negative transition of thc cB2
. . : input signat. Ciear IFR3 by writing iognc 1 into IFR3.
g e 1 a. CB2 positive edge detect (iFR3/0RB clear] mode — Set CB2 inurmpt fisg {{IFR3} on & potitive . | *

transition of the CB2 input slgml CIur IFRS ons md or writs of t’n ORB or bv wﬁt!nq
logic 1 into IFR3.

o 1 17 | cB2positive ecge detect (IFR3 clear) mode'— Set IFR3 on » positive tramsition of the CB2
B SR "|  inputsignal. Clar IFR3 by writing logic 1into IFR3, - - .
t | e _ . o - - CB2 handshake output mode ~ Set CB2 output lmonawrlt.ofthohnphml B-Output
: o Register. Reset CBZ high with an active transition on CB1.

ST o . B2 putse output mode — cazwulowforomcvchfououinnuuadorwrmohho ‘

R R PO Peripheral B Output Registar. .

1 1 o | "cszlowwwutmodc mcuwmkhﬂdlminmhm R

L I Lt RE -‘9 CB2 high output mode — The CB2 output is held high in this mode.

- f o “ : ’ 4 ’ °
. ,

a*
L)
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AUXILIARY CONTROL REGISTER (ACR) . ¢ ' . .
ThenACR selects the operating mode for the two interval timers {T1 and T2} and the Sarla} Register {SR}. The Auxihary Contrul Register Is .
organjzed as follows : . . -
7 6 5t o 4 .. % 3 2 R 0
S . L3 . s .
ignation | ACR7 ACR6 - ACR5 ACR4 ACR3., " ACR2 ACR1 ACRO
T
Timar 1 Control Timer 2 Shift Register Control ) Port B Port A
: : Control : : Latch Latch
’ P Enable Enabls ,
Port A Latcly Enable - ¥ " ‘
ACRO ¥ Port A latch is enabled to latch input data when CA1 lnterrupt Flag {iFR‘I) isset. - ' _ ’ o
=0 Port A latch is disabled, reflects current data on PA pins: - ;
Port B Latch Enasble . ) .
ACR1 = 1  Port B latch Is enabled to latch.the voltage on the pins for the input lines or the ORB contents for the utput tines when
CB1 Interrupt Fiag {IFR4) is set. ° B .
= 0 Port B latch is disabled, reflects current data on PB pins. . , . . ¢
Shift Register Controt : ' - .
- ACR4 g ACR3 ’ ~ ACR2 - C N \ Mode 3
: E
0 .0 . 0 . Shift Register Disabled; o
0 0 1 . Shiftrin under control of Timer 2. g
‘0 - s o ift(in under control of 2. ;
. r
0 . 1 1 4% Shift in under control of external clock. ~.
1 .0 1] . Free-runnmg output st rate detarmmed by Timer 2 . ' 3 k
1 0 1 Shift out under control of Timer 2. P +
1 1 0 . \Shih out under cantrol of 82. !
1 1 1 Shift out under contro! of external clock. ‘ 3:
) : - o . L o .
Timar2 Controt - - . ’ : - : ' |
ACRE =0 T2 acts as an interval timer in the one-shot mode. o ’ . : ~ . E
’ = 1 T2 counts's predetermined.number of pulses on PBE. ) ’ * ?
Timar 1 Control T e N - . : s -
ACR7 ‘| ACRé o K . . Mode .
7
0 [+ ™ one-shot mode — Gencme asingle time-out interrupt each time T1 is loaded. Output to P87 disabled.
0 1 mM frec-running mode — Generate continuous interrupts. Qutput to P87 dusabted .
1’ 1] .M ona-shot tnode — Generate & single time—out interrupt and an output pulse on PB7 sach time T1is loadod
1 1 T1 free-running mode — Generage continuous interrupts and toggle the output on PB7. .
. - - ‘ . . . )
. ) v ) o
- N ) N - N E3 -~
. «':,;' . ) - .
- =z 3, T - ¢ \
A . ° - E ’ -
» R *>
3 C - <
£ ) / >
- ‘; %(‘ . 2 . . ~
3t . .
o oh ¥
v % '!f - . . o5 °
) . 3 s . O .
: . i N 1
LY ¥ .
‘. . ¢ - s ’E ¥
» - s N “ § f‘
» 5 L ‘..- .
B -~ Lot \ * w



e’

<

INTERRUPT CONTROL

The interrupt contral is perfarmed with two registers, the lntam:pg Flag Register {{FR), and xhé Interrupt Enable Ragister {I1ER)
-INTERRUPT FLAG REGISTER (IFR)

.

The IFR indicates detectlon of up to seven 1/0 conditions associated with the two interval tlmers {T1 and T2}, the control lines {CA1, CA2

CB1, and CB2) and the Shift Rognstor {SR).

goneratcd .

I

The interrupt Fiag Register is organizad as follows:

S

In addition, whenever any hit from IFRO through IFRG is set to togic 1, if the correspongding bit.
in the IER is set to logic 1, the TRQ interrupt output line is driven low and IFR7 set to loglc 1t md;cate that an [RQ interrupt has been

_ Bit No. .7 K 5 4 3 2 ) )
Bit 1FR7 IFRS IFR6 | ' IFR4 IFA3 IFR2 IFR1 |, IFRD .
Designation : .
Function 1RQ T1TO T210 | CBIED | CB2ED "| SRSC | CA1ED | CAZED
* ' \ » - CAZ2 Edge Datected {CA2ED)
. ‘mm oo ———— CAT1 Edge Datected (CA1ED)
SR Shift Completed {SE$C)
CB2 Edge Detycted (CB2ED)
- CB1 Edge Datectsd (CB1ED)}
Timer 2 Timed-Out {T2TO}
Timer 1 Timed-Out (T1TO}
B &

INTERRUPT ENABLE REGISTER (IER)

For bits 0 to 6 in the‘lFﬁ there Is a corresponding bit in the |ER

generated if the corresponding bit in the IFR is set to logic 1.

The Initerrupt Endble Register is organized as follows:

/

v

IERn = ODsoblc Interrupt *
= 1 Enasble fnumnpt
IER Control {IERY)

1ER?7 ‘= O For sach dits bus bit st to logic 1, the corresponding IER bitiscleared

= 1For sach data bus bit set to loglc 1, the corresponding IER bit is set

A\

—~

Note: lsm is active only when R/W = L; when nh‘v H, IER7 will read logic 1. -

IRQ Has Occurred {IRQ}

-

\

. If one of these bits is set ta logic 1 in the IER, an IRQ interrupt wil] be

Bit No. 7 6 5 4 3 2 1 0 -
Bit "
Designation IER? | IERG IERS IER4. | IER3 1ER2 IER1 IEro |
Function IERC | TuE T216 | cBUE™| CB2IE | SRIE | CANE | cA2iE
ok t +
b . . P i . ,
) ' s N P L CAz Interrupt Ensble (CA2IE} * -
- ) , ar " /:\\ —.?\———cm' Interrupt Enable (CATIE) .
) . o ;( - g{z SR interrupt Enable (SRIE).
- —A— —— CB2 Intarrupt Enable {CB2IE)
T ' N * \r}\’ - CB1 interrupt Ensble (CB1IE}
L N = 7 T2 Interrupt Enable (T2ZIE)
. 5 l : T interrupt Enablé (TUE)
1ER Control “ERCH
Interrupt Enable  Bits (IERQ-8)

g A LR oA = A



READ TIMING CHARACTERISTICS
{Loading 130 pF and one TTL load)

1 MHz 2 MHz
[4
Charascteristics . Symbol Min Max - Min Max. Unit
Delay Time, Address vafid to Clock positive transition Tacr 180 { - 90 - - ns
Dalay Time, Clock positive transition to Data valid on bus " TcoR - .395 - 190 ns
R/W valid before positive edge of clock Twer 180 g 90 - ns
Peripheral data valid befora positive transition of clock TPCR 300 - 150 — ns
Data Bus Hold Time - Tur 10 - 10 - ns
Delay Time, Clock negative transition toICAz negative transition Tc A2 - 1.0: - 05 s
Dslay Time, Clock'negative transition to CA2 positive transition TRS1 - 1.0 — 058 us
Rise and Fall Time for CA1 and CA2 input signals ' ot — 1.0 - 0s us
Delay Time from CA1 active transition to CA2 positive transition TRSZ - 20 - 10 Hs
Rise and Fall Time for Clock input t ...t - 25 - 25 ns
. 1C* 1€
- R
ACR f—
2 CLOCK _ rc
S . 4|
- 24v
22V . ’
ADDRESS
. . 0.4V
 Twen ‘1"“—"'
RN . ) fz.qv \ )
1 0.4V
Torm e 1
PCR 'l"'.,-—-’ 2.4V
PERIPHERAL 2.2V 24V
DATA ! 0.8v - ‘0.4v
, ' 24V
DATABUS. : ’
' 0.4v
3 24V
. /(PU.LSEOUT‘ Io“v‘ :
gme® g s
e g 24V
20V N .
CA1 08V _ ;
T - oAV
‘ e by -b' }-.——'— TRSZ o :
. — 2.4V
CA2 - \
(HAND SHAKE) / R

3

oAV




WRITE TIMING CHARACTERISTICS

1 MHz 2 MH2
Characteristics . { Symbos Min | Max | Min | Max [ ‘Unit
Clock Pulse Width ' TC 0470 - 10 . 0.235 10 s
< Delay Time, Address valid to Clock positive transition ’ T ACW 180 - 90 | - nsg-
Delay Time, Data valid to Ctock negstive transition Tocw 300 - 150 - ns i0
Delay Time, Rulente negative transition to Clock positive Tch 130 - . 65 |° - ns
transition ‘ s |
Data Bus Hold Time ' 1 Tuw 10 - 0 | - ns
Delay Time, Clock negative transition 1o 90r|pheral Data valid ?CPW - 1.0 - 05 ‘Hs
Detay Time, CIock negative transition to Peripheral Data valid : TCMOS c = 20 | - 10 Hs -
CMOS (VCc - 30%}), PAO-PA7, PBO-PB7, CA2 : ’
Delay Time, Clock positive transition to CB2 negative transition Tep2 - 1.0 - 05 us
Delay Time, Periphersl Dats valid to CB2 negative transition TDé 0 1.5 0 0.75 s
- Delay Time, Clock positive transition to CB2 positive transition Tasi - 1.0 - | os s,
Rise and Fall Time for CB1 and CB2 input signals t,t - 1.0 T - 05 L s
- . (i | Ce
Delay Time, CB1 active transition to CB2 positive transition TR§2 -] 20 - 1.0) us

#2 cLOCK
Acw-—l ~—tocw ‘ - -
—t— - - . ‘ 24V
z.zv : . . ‘ , <
ADDRESS o v . . ooy
. . ' . 2.4V
_ _ _ 4 . 0AV
' ‘ ' e r—THw' L — . ' ,
_ : —L - — 24v
_ o;rnf B‘fs >§ o X Temos N . | o
T S o e e — —— — — o =V 30K
- CPW —ati 24V
PERIPHERAL ' . \A 2.0V
 DATA - 08V, . ‘ oAV
. ) . i :‘ ».[‘_Tcn _:_. / r‘—TéS1 .,‘.F
. - 24v
ca2 ' - T x 2.0V '
(PULSE OUT) . . : : o4V
‘ ——— Toc proap——— '{tf ——1 R t.—- 5
: 24V
2.ov
c81 | v
5 o.w
» T .
‘ o , asz-—-—|
’ ~N\-2.0V ‘ znr 24v
caz , . ) '\
{HAND SHAKE} . : _

Writs ijim Disgram




1/0 TIMING CHARACTERISTICS

1 MHz 2 MHz A
.- Characteristic Symbo! Min. Max Min Max Unit
Rise and fall time for CA1, CB1, CA2 and C‘_B nput signals TRF - 1.0 - 0.5 " res
Delay tima, clock negative transition to CA2 negative Tc A2 - 10 - 06 s
transition (read handshake or pulse mode} . ’
Delay time, clock negative transition to CA2 positive TRS1 - 10 - 0.5 us
transition (pulse mods) :
Delay time, CAI active transmon to CA2 pasitive tmmitiun TRS2' - 20 - A0 s
(handshake mode}
Delay time, clock positive transition 10 CA2 or ce® negstive . TWHS - 10 - 0.8 s
~ transition {write handshake) N ~
Delay time, perlpheral data valid to 082 negative transition Toc ) 15 o | 015 us
Delsy time, clock positive transition 1o  CA2 or CB2 oitive Tasa - 10 --| o5 s
transitnon {pulse modo) - . .
Delay time, CB1 active transition to CA2 or CB2 positive TRS4 - 20 - 1.0 . m !
transition (handshake mode) : ;
. Delay tnme. penphcml data Valid to CA1 or CB1 active ' T ~.300 - 180 |0 - L ns
transition (mput latchlng) )
Delay time cB1 negative transmon to CB2 data valid TSRl -~ 300 - 150 - o ns
{(internal SR clock, shlft out)
Delay time, negative transit:on of 081 input clock to CB2 data T;R2 - 300 - 180 ns
valid (externat clock shift out). ) ' ‘
Delay time, CB2 data velid to po:iuvc transitian of CB1 clock 'TSR3 — 300 = 150 ‘ns
'k shiftin, internal or extemal clock) ; P
‘Pulse w.dm — P86 lryux Pulsa . Tipw 2 - 1 = s
Pulse Width - 81 Input Clock Tiew 2 - 1 = us
Putse Spacmg Pss Inpat Puse Tips ‘2 - 1 - us
Pulse Spacing -cB1 inpm Pulse”. TICS' 2 — 1 - }u
N B 1 - - .

_ PBS INPUT PULSE
COUNTING MODE

- CB2SERIAL
. DATAIN

c81 cLOCK

CB2 SERIAL

 DATAOUT .

4

L 1O Timing Disgram-
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SPECIFICATIONS -

Maximum Ratings

. ’ Rating

Symbol Valus Mnit .

Supply Volitege 0V3t0+70 Vdc
Input Voltage 03 t0+7.0 vde
Operating Temperaturs Range °c

Commercial Oto +70

Industrial 40 10 +85

“Military S to +125
. Storage Temperature Range . TsTG -55 to +150 °c

_ This device contains circuitry to protect the inputs against damage due o high static voltages. However, it is advised that normal precautions
be taken to avoid application of any voltage higher than maximim rated voltages.

Electrical Characteristics - .

{(VCC = 5.0V £5%, VS5 = 0}

Charscteristic Symbol Min Max Unit -
Input high voltage {normat operation} except 92 “ VIH i +2.2 VCC ’V'dc
Input high voltape (normal operation) 82 Viue ; +2.4 vee vde
‘Input low voltags (normal operation) - V‘L 0.3 7 +0.8 Vdc
Input laa_kage current — Vin =0to 5 Vdc llN — 25 'uAdc
R/W, RES, RSO, RS1, RS2, RS3, CS1, g ‘
CS2, CAt, 92 .
Offstate input current — V. =0.4 2.4V 1 : / - 210 pAde
in . TSI )
VCC = Max, DO to D7 o :
Input high current — V|, = 2.2V I;H ' -100 - HAde
PAQO-PA7, CA2, PEO-PB7, CB1, CB2 : : - :
input low current — V. = 0.8 Vdc W — 16 mAdc
PAQ-PA7, CA2, PBO-PB7, CB1,CB2
Output high voltage VOH 2.4 - vde
VCC = min, | -100 gAdc
PAO-PA7Z, CASaSBO-PB'I ce1, CB2 N
Gutput low voltage . VOL * - +0.4 Vde
VCC = min, lload = 1.6 mAde . . '
,  Output high current {sourcing} lOH
K =24V ‘ 100 - pAde
VOH = 1.5V, PBO-PB7, CB1,CB2 ) -1.0 - * mAde
Ouput low current {sinking} oL 16 - ~mAdc
Vg = 04 Vdc - ‘
Output (eakage current {off state) Ioff ) .- > 10 MAdC:
- IRQ ‘ -
Input Capacitance — T, = 26°C, # = 1 MHz C‘.n pF.
R, RES, RSO, A51,RS2, RS3, CS1, 882, - 7.0
DO-D7, PAO-PA? CAZ, PBO-P87 - .10
c81, 082 ’
92 input - 20
Output capacitance — T, =26°C, f 2.1 MHz Cout - 10 - pF
Power dissipstion P 3 - 77,50 m_w
A\ ROCKWELL INTERNATIONAL - MICROELECTRONIC DEVICES <
4 : N i N
, SOUTRWEST REGION. US.A.+ ¢ CENTRAL REGION. USA. EUROPR
St 0. Whitesell i
10 oy Avence s mnogton St licosacioni Deces
Anaheim, Calllomia 92803 lodianapolis. Indiana 4621% Frgunnatarstramsy .
14'}93120'0:’581“ ?w{ :;g. m Mge. (Actingd Q*nnm
Y . : -
NORTHWEST . slex: 032112050
Rockwal Int m'o“’ usA I EASTERN AEGION, US.A.*
1801 Clvic c«n« Drive, Suite 200 Carclier Office Building *
Sants Clara, CA \ 95030 80870US. Route ¥ .
- 4089846070 . No:m Scuaswick, New Jersey 00002 CAR mr
Tolex: 171138 mission snia g MJ 10 480 8281 RECTC NBR mm:m%‘ .g:nnu Corp. -
. . . . cn inkn:cho 2chome -
MOWESY REGION. U.B.A, iyoda-ku. Japsn
‘ 'WI - 1011 £. Touhy Avenve, Suite 245 S .
’ D:’aﬂg";"" A so1s - *Als0 Appuullonl tcmm v
N ?du. Rockwett -
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Y Troubleshooting Digital Circuits and Microcomeuters

- A Tools used to troubleshoot digiﬁal/computer sustems;
R Trbublesﬁbotiné mic9095008550r sustems.
a | >

The Pufpoce of Lhic charter ié.td introduce the s(udent
to dlfferent tools uced in trouble"hootlns dlSltallcomPuter
c1rcu1ts and SOme seneral technleues in Lroubleshootlng.‘

Each manufacturer has developed troubleshéotlns methods
for his Froductss therefqrey rather;than concengratlné on
sracific techniaues ﬂhe foiio@ins Frohlem sdlviné method-is
: Presented. It -has general appllcatlon and can ke modxfled
\Lb ésp;g to sFecific Products‘

-

Sters of thlnklng in Problem solv1n3

hY

fBa=1c Pr1nc1ples of Currlculum and Instructlon bs Tuler)
. &
. . ' o

1 Sensing-a-difficulls or euestion that cafinot be

énsuered at ?resenﬂx

8]

Ident1f31ns the Problem more clearls by analsszs.
3 Collectzng relevant facts. IR T

fé Fogmulat;ns ?0§s1ble hspothééis;:ypat is‘deQeloPing
possibile séiutidng_to-Lhé'frpbkemg

Testing the hurothesis by arrrorriate means.

w

- . - Mg

' 6 Drawing conglﬁsioné - that is solving the problem,
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A Tools used to Troubleshoot Didgitzl/Comruter Sustems

s

1 Logic FProbes ' .
2 Logic Fulser.

3 Current Tracer

4 lLogie Comrarator

3 Ogcilloscores

6 Logic State Analuzer

7 Signatdré ﬁnélssis

. The circuit in fidgure 1 will be
zrrlication of these tools. .

\

-

used to illustrate the .

S e s e S i e o

s o el aa s et WD 04

i ik s paaA

Fre. !  Suc @2

v4'l" B

Functional_operation of the circuit in fidure 1.

\

. If address lines A13 or ‘A14 are Lo 3nd-addre§s line A1S -
is Lo the outrut of Z-~13A will be His and if #2 and the

sunc’ 11ne~both g0 Hi 35 well then the ocutrut of Z-20. Qoes,‘
Lo. ) ) _

Ulth the Sznsle Stepr swltch on Run this oPerat1on has
no effect on Lhe computers however if the suwitch is on

sindle ster the NMI line is rulled low and the 1nterrupt 15'
servxced. .

-

-’

Adl;iress lines 913, Al4 and ALS are used bu t.he"Rmr

therefore Single Ster will not work while 2 ROM prodram is _~'
‘beind run. Co : o

To make sure ‘the AIM 65 is not- addressxns ROM uou can
load in this short rrodram and execute it before each

arrlication of Lhe 3b0ve Lools'zf appllcable. ~ R
0000 R JMP ' : ' '
0001 01.

Y0002 00

_ ,
: T j;;;/
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Learniné Activity Ai
The Lodic Probe

' A
TLFlcal Lagic Frohe Hewlett Fackard (HF) 545A

Obdectivel To appls the Logic Frobe to digitsl circuitse

The losgic rrobe it a digital state indicator (Hi or Lo)
which rrovidess via 2 lamry an 1nd1cat10n of s hlsh levely
"low level or bad level sisnal..

“Brightly )it lamre indicates a high.
Lamr off indicates a3 low. g
Dxmlw 1it lamp 1nd1catec 3 tad 51snal or - hzsh 1mpedance

- .state.

The logic erobe zlso hzg rulse stretchinsg éapabi{itu sG
that it cen detert rulses a2s narrow as 10, nsnosecondss and
blink'on 2nd off for 1 seaonds‘

In add1t10n the logic Probe will detect PUlse tra1ns

{clocks) up to 50 MHZ. When detectindg these high freauencs

rulse trains Lhe lamre will' bllnk off and on at 2 10 HZ
rate.

Aéplication of Logic Probes:
Ecuirment:Reauired! Aim 65 Computer
',; B T HP 5456 Logzc Frobe
Connect the logic. probe- to Fin 10: Z-l& s;@e as pin 11,

Z—Qo'ﬁsee fig.1) and observe the #2 clock. Probe

v'action'.-..rsc,s;4.p.

4

{while Perform1ns the follow1ns test suLtch off and on
wour short Prosram)

Connect the lodic Probe to p1n 7y -9 saméfconnection

as rpin 9y Z-20. PPDbe‘BCtlonio00000(3000}{o;oo
. - 2
v
Connect rrobe to pin 10y Z-13C. .Probe actionsssiveseesse

4 [y

You have observed the three d1fferent act1ons of the

Frobel 1 rulse train #2

2 short rulse at pin 7y Z-9 R .
-3 Logic Hi or Lo a8t rin 10y Z-13C >

- s R
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Learning Activity A2

The Logic Fulser

Turical Hﬁ-S46A

ObJecLivé. To arrluy the Lodic Fulser to digital lodgic
c1r§u1ts.

The 1051C rulser inJects the cifcuit with a3 single 500

nanosecond wide rulse of rrorer amplltude and rolaritu each
tlme the button ic Pushed.

In addlt;On rulse streams of 1y 10 and 100 Hz and pulse
bursts of 1y 10 2nd 100 Hz can be selected, -

Node! Each roint in the circuit is called 2 node. All
roints that sre wired todether -are rart of the-&ame'ﬁode.

The rulecer, ic carable of sourcing or sinKindg .57 for
500 nanoseconds to insure that the node is rulsed.

Stimulus-resronse testind is an éffectiye techninue to
locate troubles in digitsl circuits, The lodgic rulser

servee 35 the stimuls and the lodic Probe is. used to
monitor the resuldt.

arrlication of the Lasic Fulser

Ecuirment recuired? - Aim 65 Comruter
. ‘ ;. Logic Pulser
Logic Probe—_

Connect the l&gic pulser to rin 9; z-13a
Connect the logic P;obe to.;iﬁ 8y Zrl3é

" Press the button on ihe Pulser

- Record the pu{put on the logic PPOBE sessssessess

You should have observed that the output chandged when

? the button in the rulser uas pressed.’

~To check multirle input gates Lhes uzlﬁxhaveto~bé tied

Losether and rulsed with the log1c Pulser.

.
: 5 e o = e B v 4
e AL T AT AL AT o SIS = )

. kR b Mt L e G

I A s FUEBI A
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Learnind Activity A3
AThe Current Tracér

Turical HF 5474

ObJjective! To srrlu the current tracer to digital circuits,’
. > - ' " o . - '

The current tracer detects-current activity on losgic

nader 3 means of an 1nduct1ve PIQF‘UP at 1t s Lir. In

oréfr Lo use the curﬁgnt tracer it must be Pos1t10ned

<

' Perpendlcular to the line being traced and the amall hole
" in the tir 2lisned with ‘the direction of the current being

trzced, The sen51t1v1ts control 15 adausted for half

1

-

1nten51tu on the current Lracer lamp’
“Arrlication of the Current Tracer

' e "

. Eauipmeni'qeaurred: AIM 65 Comruter

ry

Logic pulser
Current trscer

§

Place the curgeﬁtxtracef‘ovéb the lihé‘goins to pin 5y
2:138..38Jﬁ5t-the sensitivity conﬁﬁoi for hélf'brilliance.,
You a%e obsePV1n§ the act1v1t3 on R" clock line, |

_Using the current tracers tnace the line back to_xﬂ's  L
orisin i.e. rin 105 Z-16. N | | |

You can use the 10310 Pulser to 1nJect current Pulses

-~ inta a shorted line and use the cprrent tpacerépo ;ocate

. the short, Thé‘?difowins diasfgm illustrates hoﬁlthis'ié

‘done. - - B

Q
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- Current Gate with

.. Qurrent ,

* Node

.

LN

The current tracer can trace the pulse
from the logic pulser to the shorted® gate.

Tracer .~'Shorted Inpdq
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Learning Activits A4

*Lodic Comrarator

14
The 1031c comrarator comrares the operation ‘of a TTL
_IC» under actual operatlon;“to 2 Knoun reference IC. .

In greration the comparator s onto 3 Pouered‘IC and
the same ture of IC is rlaced in) the comrarator. The
outruts-of both IC’s are comeared and if they are not the
same 3 LED ds lit correspcndlns to the locatlon of the
error.”’ o .

o _For troubieshootlng ®urroses Lhe logic comparator is .
: : simply clirped across a rowered IC and a3 refrence IC is . -
rlaced in the comrapalor. Thzs seauence is cont:nued untxl
the bad IC is located. Fo e .
g1 -;: ) ‘D ’
A . . ) :
- .
?;... . . a )
. ~ ‘;é N g ¥
5 : ] b : a-
. L} . . ' . J— ey
) . . Cag £ N B M
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Learning Ackf&its AS

7

Oscilloscores

ObJective: To arrlu the Oscilléscore to digital circuits., | ) S

«

Stimulue resronse techriguess using seneratoré and

~
T ’_: L AR e

. oscilloscoress normalluy associated with analog c1rcu1ts 4 '1-\> )
wiil not ﬁorﬁalis‘work wilh mlcrocomputers. S1gnal lines

“are tri-states dats and addresé-lines.af; hultip;exed'énd; T; | ;{ﬁ ﬁ
~nn1u the CPU reallsAKnous the purrose 6f.the Bus activits..' _E
Hnueverv there are arrlications 5u1kéd for an osc1llose0Pa@ o A g
- with at 'least 0 HHZ‘bBﬁduxdth. R S ‘_~“TX gf
1 Moenitor clpckfactivitut all CFU operatlons are txmed }
o

. by a sustems clockK, The clock’s waveform can be observed on

an oscilloscore and it’s freauencs determzned.

kS

B The fzrst 12 address 11
R/w 11ne can be observed Bn the

short routxne and havlns Che computer cont1nualls 1009

.“v

: c
throuSh 1E. Thzs 51ves the data and address 11nes 3’

' repetat1Ve freeuencs necessars for osczlloscope
-

A observatlon. The osc¢illoscore can be ssnchronzzed bs Lhe

-

clock or read’ ‘write lines: .‘/-;' R -

short loop1ns routxne is. used ‘Lo contxn*

'I/D.Ports. T e ; IS 'A : ,;" T ’
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- " Arrlication of the Oscilloscore
Eauirment -reauired? -AIM &5 Computer
\ 50 MHZ Dusl Channel Oscilloscore
. .. ‘ > ‘
1_ FRecord the voltade on Zl C;OCK LI IEB N e b0 -

o

- Itetermine it’s freguency

T -f 2 Record Lhe voltage on #2 clpck f(;;:j?>.,
| . ‘ Determine~itts frgﬁggi;i— ':\?
f _ o ;~3 Conneci ji ! Lo'channel . .
| | Connect 2" to channel é _ iA o L

Gbcerve Lhat tﬁe two clocks 2re Phase shzfted bs 180

dedrees.
} . 4 Load the following rrodgram into the AIM 45
. - 03Fp JmMp T v
) ? . . : .
b " 03FE. FE )
. “-‘.t ! P
~ O03FF 03 *
- : - Estecute the ppdéram « ‘ A LT

Connect the usczlloscope sunc {trigger) bo “the &2

K 'm' N . ol ) v i
clock. : -,‘

¥

‘ The address lznes should repeat after '3 data bits,

‘J-.$5 5 ‘ Sketch\\he uaveform Bou observed ‘on address line 0.
T | Indicate time vergus,ampllpude ' : ;'
.H?\f' ‘ ;Shqu}é@ téAsouf t;abﬁerffor conforsation, .
fA; 0 Obseéve ihb-data'én 311~t§e1ve~address lines and the

3

da axl?%egn Skeich & drarh of the data “on data bit .2y show

e amp 1Lude versus time., - ' -
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Learning Activity Aé
Logic Sta{e Analuzers ‘ !

Turical HP 1602A Lodic State_Analeer

Objective! To arrly the L051c State Analaker to digital.
o ,,c1rcu1ts.. B

4

4

‘The lodic state analuyzer cartures up to 64s 14 bit

‘words' at clock sreeds up to 10 MHZ. Thse words are stored
in the lodgic analuyzers memors and maw be disrlased in Hexs

Qctals Decimzl or Binaru., The logic state analuzer can be -

used to monitor the address bussy data buss conppol lines or

input/output activity.,

<
v

AP?licatidn of the Logic Analuzer '

Eauzpment reau1red. AIM 45 Computer
16024 L031c State Analszer-

- r )
‘.

Setting ue the lOBlC state analuzer. Lo observe tﬁé data

-

'Ixnes.

~
A

Connect the 8 LSE rrobés . to the AIM 65 data lxnes
Clock -to 02
Ground to Comruter groqnd ,
Select rositive lagic rolarity
* Select nedative clock .edde
Select Hexgadecimal

- Word width = 8 ' " {8 bits onlus on data: bus)

Press Trigder = | : (used to set tbisser word)

Pressing Trace 1nstructs the analuzer to start look1ns
for the tridder word. . o

~—
~

Load in the trafflc llsht Prosram {see Learnzns
Act1v1ts III B2%) ‘

Set trlgser wordsy Press tridder = 20 (Hex for JSR)
. Press Trace - |
Run traffic 1i§ht prodram

64 data words will now be stored in the losic'pnalsger&

S




° \\Load traffic light rrodram

/'”7
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) The data in the anzlyzers memory mau be viewed ,on the

‘disrlay using the our Kegs in the disrlay block. .

I

-They are! Next word - view next uword in memors
Prior word - So back ane word

At trxgger uord - 1n th1s case 20

.\ "5 ” X

s Word number ‘- d:splas a specific word
Compare the traffic light PPoSram to the data stored in
thg_loﬁxc analszer. ' ¢

Set ur the loslc state analszer ta trace address lxnes.

s

Connect 16 erobes to address lines s ) SR
. Clock .to 02

‘Ground to Comruber ground .

Positive lodic rolaritu . -~ .
Negative clock. edde ' ~ - :
Select Hexadecimal ‘ o, #ﬁ
Hord width = 16 i €
Trigger = 0200

Press Lrace

Egécute Program

44 datz words 14 bxts uzde will nou be stored in’ the
losgic analsger.
o

Use the 4 dxsplas Keus to observe address words stored

‘in memory, Compare to the traffic light erogram.
. - ] . R -~ . - . . .

R S e PRI

IR SO



>

349

Learning Activity A7

Sidgnature Anslusis , -
. <

P

Oh.Jective! To introduce the student to Sidgnature Analusis.

S1$nature Anzlusis is an easw to use and hlshls

accurate techn1aue for identifying faults logic nodes. The

51gnature analuzer can convert the long complest serzal data'

‘streams present ‘on mlcroprocessor sustem lo§1c nodes into
four—digit "515natures"

In order Lo use the 513nature analsger the product -
under test myst have been desidned for test by the siSnal'
5ﬁaﬁalgzer. Esséntialls the instrument under test must |
contaxn 3 RUM that denerates e series of sidgnals.

To test 8 computer or didital 1nstrument su1tch on the
sign?ture analuzer and elace it in;the‘diashosbiﬁbmode.
Placé the signaturejanalazer Pbobe'on 8 desidnated node.,
Compére the ;ignathre on the‘nqde”tq*that on,theischenatic:
diadram d% the instruméni underxfest. Each nodé on the
schemat1c is marked with 2 SPECifIC 515nature. Once 3 bad
_s13nature 15 ‘identified the faults component can’ be QBSIIBN\

~

‘ lctcat,ed»
| Component Problems can be 1dent1fxed by detectxns SOOd
‘513natures going 1nto a component and bad sxsggbures at the

output.fgad ccmpqnenls;onhq,nﬁde‘égn 3159 be isolated bu

arrluing the current or logic probe in' conJdunction with the

o
-

*logic pulser, -

g AT o A e SRS e e o L s
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‘B‘Troubleshooting ﬁicroprocesscr Sustems

The followind lesson is from the "Hewlett-PacKard
PPBCLiCBl-ﬁiCPOPPOCQSSQP Textbook" and is included with the

Permissidh'of'HewletL-PacKard (Canada) Ltd,
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O
LESSON 18

Troubleshooting
Mlcroprocessor Spstems

/

The troubleshooting philosophy for microprocessor-based products is fund& INTRODUCTION
" mentally no different than for standard digital designs. As with any circuit you are &

trying to analyze or troubleshoot, it is helpful to first become familiar with the
" circuit. Studying the theory of operation, the block diagram, and the schematic
_provides a base of knowledge from which to work. In this lesson, problems
“relating to microprocessor systems and the troubleshooting techniques for
dealing with them are discussed. . .« _ o

‘ ‘ . .
There ara a number of testing problems' somewhat uniqueito microprocessor MICROPROCESSOR
systems. For one thing, most of the control is in the software, so that signal flow
. is hard to trace. Another difficulty is that everything happens too rapidly to see ;sgngLﬁgHOOTING
" in'real tims. In most cases, a microprocessor system, unlike many logic circuits, .
cannot be stopped and manipulated. Measurements must be taken while the
microprocessor is running. This requirement reduces the effectiveness of the
logic probe and pulser but enhances the usefulness of the current tracer, oscillo-
scope, signature analyzer, and logic anatyzer because these instruments rely on

circuit activity for their measurements.

-

Microprocessor bus structures pose additional difficulties. Data on these buses
is often unstable or meaningless because of three-state outputs, multiplexing,
and switching transients. These conditions cause no problems for the system
itself, since it is synchronous and knowg§ when the bus lines contain stable
signals. The signature analyzer and the logic analyzer alsc know when these
lines are valid, because of clock signals provided to them. The osc:iloscope does
not have this capability. It provides little quantitative information, but is useful for
--examining qualitative factors, such as general activity, logic levels, waveform
-~ timing, and bus conflicts.

. Since bus. structures also make it possible for many devices to be connected
. together on a single node, finding the one bad device on such a node can be
difficult. The current tracer is useful for this purpose. The data bus also acts as
a digital signal feedback path’and tends to propagate -errors through good : ‘

.Lesson 18 . N X
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Oscilloscope Heips ldenmy Prob!ems in Microprocessor Systems

cnrcuats and then back to the fauit source. The best way to deat with thns problem -

is to open the .feedback path when possrbte Techmques for- domg so are
dlscussed in thls lesson

Complex devices are often connected to the microprocassor buses. It js difficult
to test these devices using simple stimulus-response testing. The correct opera-

_ tion of these devices can be verified by swapping them with a known.good chip,

or by observing that the function they perform for the system is being performed

’ comactly

Microprocessors are sequential machines. Program flow depends on'a long

: sequence of instructions and events. if "‘eyen a ‘single bit of information is
. incorrect, the whale system can go awry. Noise glitches and bad memory bits are

the most common sources of single-bit errors. Others are also discussed in this

‘tesson. These. failures are difficult to pmponnt because the entire system may"
- appear to be operating incorectly. -

Experience gained from doing the Microprocessor Lab troubleshooting. experi-
ments in Lesson 19 will provide you with a good foundation for troubleshooting

cuit troubleshooting probiems from being thrown under ypur bench (or worse). New
things ‘always seem more difficuit at first, and. the is true of microproces-
sors. Designed-in serviceability and good documentation by the manufacturer can
make troubleshooting much easier. The use of signature gnalysis and other high-
level servicing aids can greatly reduce the task of troubleshooting.

other microprocessor-based products. Such expen'eni?n prevent the really diffi-

Lesson 18
Practical Microprocassors

=~

L

'3



Dozens of different microprocessors exist, and hundreds of people design’
products and service procedures for them. Since the ulab is specifically
designed for educational purposes and for teaching troubleshooting, the con-
cepts developed using the ulab should be applicable to many classes of micro-
processor systems. It is as close to a typical (but small) system as is practical.

Clocks = " PROBLEMS SPECIFIC
Bad clocks can cause fouléd, but "funnmg, systems. There areé a number of TO MICROPROCESSOR
malfunctions that can result in system:clocking problems. Clock problems can SYSTEMS
show up as a failure of the system to function at all (no activity), the ability to
function only open—loop {free-running), or semifunctional activity (a meaning-
less and undefined program sequence). Some microprocessors are sensitive to
- clock speed. Since many systems run “at spec,” even a small variation in clock
rate (too fast) can cause system failures. | the system runs too slow, dynamic
storage cells on {Cs in the system may fail. Both of these problems are more
likely to occur when resistor and capacitor (RC) clock circuits are used instead
of the more accurate and stable crystal-controlled circuits. However, crystals can
sometimes break into their third overtone oscillation mode, causing a much
‘higher than expected clock rate. In addition, some processors require' multiphase
and nonoverlapping clocks with very stringent timing requirements. Also, clock
voltage levels are not necessarily TTL compatible, but may be much wider in
voltage swing.-Microprocessor clock specs can be found on the device data
sheets and can be checked u mg conventional frequency counters and : )
oscnlloscopes . 4 _ . .

: o . - -
Powor-Up Reset ' : : /
The mlcroprocessor’s power-up reset circuit can also cause fouled, but mnmng. C
system operation. A reset pulse that is nonexistént, too short, too noisy, or tco

" slow in transition can start everything off on the wrong foot, resulting in out-of-
sequence, partial, or no reset activity. Problems can al$ooccur in reset circuits
that are susceptible to power supply glitches. Even wherr Schmitt input circuits
are used, slow edges can cause reset timing skew from one device to another

‘'within some systems. This will cause some of the devices to power-up before the

“others, resulting in erroneous behavior. A too rapid ON-OFF-ON system power
sequence will fail to restart many systems (e.g., the uLab). It may then be neces-
sary to increase the OFF tlme to allow t’ne power supplies and restart circuits to .
dlscharge . e

i : -

None of these reset failures will necessarily prevent the system from runnmg It
- may run for a short time and then stop, or.lock up in a meaningless program loop,
or even perform most of its normal operations. The key point to remember is that
the system:must complete the power-up reset sequence to insure that all of the
test, control, and initialization operations necessary to bnng the system up have
been performed. . .

Power-up reset circuits are nonnally operative only when the system is initially
. powered-up. They can be monitored at that time with gtorage oscilloscopes, logic
analyzers, and in some cases, signature analyzers. They can also be manually
. overdriven and controlled externally for testing purposas

Lesson 18
chtical Microprocessors
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Interrupts

Stuck or noisy interrupt lines can causs faulty system operation. The system may '

waork with a stuck line but it' will do so very slowly (spending most of its time
servicing the “phantom” interrupt). Noisy interrupt lines can cause sporadic
system changes to occur, or peripheral inputs or outputs may take place at

.improper times. Sometimes the system will not respond at ali to certain I/O devices,

which can occur when a higher priority interrupt has disabled the lower ones.
-

interrupt line activity can be monitored with a logic probe, logic analyzer, or
oscilloscope. Interrupts are asynchronous in nature and can oﬂen be manually.
controlled (enabled or disabled) for testing purposes.

Signal Degradation :
The long parallel bus and control lines present in medium-to-large micro-

processor systems arg sometimes susceptible to crosstalk and transmission line

problems on critical lines {such as_clocks and enables). These problems can
show up as glitches on adjacent signal lines or ringing on the driving line
(causing multiple transitions through a logic threshold). Either of these situations
can inject faulty data or control signals that are very difficult to detect. This
problem is most common when signal lines are long and dlready taxing the
timing and noise ma?gins of the system. When extender cards are added to these
systems or high-humidity conditicns exist, failures may occur. Cross-coupling of
lines on extender cards can be a-problem when fast signal transition lines (such
as Schottky gate outputs) run alongside other signal lines, even when they are on
opposite sides of a PC board. )

Memories . ~

Memory failures in macroprocessor systems can produce deviant system be-
havior in a number of ways. Anything from a total system failure to a single fauity
bit of stored’data can occur. Most memory failures can be found during the
power-up self-test program, unless the memory failure prevents this program
from running. If the 'system doesn’t do a RAM verification test and no RAM test
service fixtures:. or procedures are provuded it is nearly mpossrble fo test the
RAM.*You will probably need to resort to substltutlon techmques when a RAM

~becomes supect. -

RAM failures occuring in the area of the memory used for the stack ill usually
cause the system to crash, even for a single-bit error. Otherwise, RAM failures
may cause soft arrors that result in unreliable system operation. Fauity dynamic

RAM refresh circuitry is another factor to consider in diagnosing apparent RAM

failures.

- ROMs can also fail. Such failures are more frequent when nonmask program—

mable types are used. A single bad bit could crash the system or, even worse,
99 percent of it could work and. 1 percent could produce erroneous resuls.

ROMs can be effectxvely tested during power-up self-test, it such tests are .

Lesson 18.
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Using Signargrg Analyzer to Troubleshoot Microprocessor-Based Prodtict

oM
c

" designed in. But, unlike RAMS, ROMs can also be tested by other techniques if ‘

no self-test is provided. One such technique mvolves free-running the. system

*

and then using the signature analyzer to either veri mented signatures or
compare the outputs of a suspected ROM w1th that®Bf a ROM in a known good
system (see Experiment 17-2). - 4

The programmability of rﬁicroprocessorfbased systemé can be used to great
advantage in assisting system testing. Programs stored in the system’s ROM can
instrumem. Su'ch }a\signature analyzer. -

ROM Tesllng

The most comFion techmque for testmg ROMs uses & chacksum. When the ROM -
is programmed, all of its words are added together, ignoring any carries that.
result. This number is complemented and stored in the last (or sometimes the'

first) word of the ROM, so that when all the words are added together (inciuding

the checksum stored in the last byte), the result is zero. If the total is not zero at:

~ the end of the test sequence; then something is wrong with the ROM. (In actual

practice, the checksum is usually calculated to make ths total a specnf c number
other than Zero.)

Unfortunate!y, the checksum is not totally reltable. It detects any smgle-bxt arror
and most multxple-bit errors; however, there are y combinations of two or
‘more eryors that still produce the correct checksum. Thus, 8 ROM that passes a
- checksum test is probably good. if the test fails, somethmg is defmme{y wrong
' (though it might not be the ROM ltseit)

syl a—

‘ 'Le‘ssbn 18 .
“-Practical Microprocessors
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_ SELF-TEST PROGRAMS

' test ROMs, RAMS, and the processor itself. Often the /O can be tested to some
extent. Software can also be used to provide. stimulus for an external test . .
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RAM Testing :
'RAMSs are tested by writing a pattern into the memory, reading it.back, and then
verifying that has changed. Of the many different pattems that can be used, a
* ! common one is the checkerboard. In this pattern, all the bits are set to alternating
: ones and zeros. Once all memory locations have been tested, the pattem is
W repeated with each bit reversed, verifying that each bit of the RAM can store a one
and a zero. Many other patterns used to test RAMS are specifically aimed at

'detecting various failure mechanisms within the RAM.

No memory test can guarantee 100 percent accuracy, even though it may show
that each bit can store a one or a zero. RAMs can be pattern sensitive. For
example, one location might correctly store 01010101 and 10101010 ‘but fail when :
01111000 is stored. Even for a small RAM, it would take an extremely long time to
test every possible pattern sequence. For this reason, RAM test credibility is
% generally much lower than that of ROMs. As with the checksum test, if a RAM
~ passes the system self-test program it is probably good. If it falls the test,
something is defimtely wrong.

MULTIPLEXED 1/0 Mutfi lexed keyboards and dlsplays often share some of the samie scannmg

. . ‘cirduifs (as does the ulab). In these situations a stuck key can appear to make -
g display tfail. Likewise, a bad display driver mputcould cause a keyboard error. -
he interaction between common scan curcuats fnust be considered in making
- a dlagnosm . . o

» S
7

INTERFACES Many mrcroprooessor systems mterface wnh other systems through external
L .~ communication lines {e.g., IEEE~488, RS-232C, telephone modem). These fines

are frequently long and are often e);posed to sources of electrical interference,

such as relays, transformers, motors, solenoids, and even lightning. Electro-

magnetic interference (EMI) emanating from these sources can cause the trans-

mission of faulty data, overstressing of interface circuits, and, especially in the

, . case of lightning, gros$ oomponent failures. Generally, output line driver circuits
S tend to have higher-than-average faituce rates, due both to EMI stressing and to
B - the hngh transttxon curr.ents that result from driving capacitive mterfacmg cables.

TROUBLESHOOTING " A troubleshooting tres ;s" a graphtcal means of showmg the sequence of tests -
: TREES performed on a product under test. These trees are often drawn as flowcharts in
:.. which the results of gach test determine what step is taken next. Thé use of
tmubleshooung trees for repairing mtcropmcessor—based products can save
~ considerable time and effort ’ .

Figure 18-1 shows a portion of the tmubleshootmg tree for the HP 34554 Dugnal
.. Voltmeter. Theoretically, it should lead you to the product's fault by means of the
". actions taken and decisions made along the tree. Unfortunately, such is not
--always the case. A perfect troubieshootmg tree must consider all possmle fail-
ures, a difficult criterion for the person writing the troubleshooting tree to meet.
Also, troubleshooting trees tend to be fairly generalized; lacking the specnﬁw
desired.for making tests and decisions. Few troubleshooting trees prowde practi-
ccal information about how a specified test or measurement relates to what the
circuit does or is supposed to do. If the troubleshooting tree faifs to'direct you to -
. the actuai fayit, you may be left.at a dead-end, with.no idea of where to go next.
However, the troubleshootmg tree w:ll often be your best gu:de (jt Ieast to
begin’ wrth) ,

) e ' . " Lesson 18
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. Lesson 18

Check The Signaturcs Al
The Following Puints:

Locatian  Sigrature

Alu2t

Fin2 BCPU
PinS UPUH
Png 213

Pin12  HAFT

Are
These
' . Signatures
Coreact

Outpist Butter ATLIZT.

“ | Check The Signatures Al .
Tha Following Paints: i

Loation  Signature:

ALU29

v o] Piez UCHE .
PinS grc2
Pin? HOT4

P 10 HHFS

tnaut Latch ATU29

Signatures <] ALU A1U28.

Correct?

(2 Check The Signatutes At |
Tha foltowing Points: & |-

‘Location  Signature
AIY2S

[y
: N

' Figure 18-1. - Typical Troub!eshoormg Treo for Product Incorpomtmg s:gnature t

Analysis

There are good troubleshootmg trees and there are bad troubleshootmg trees.

The good ones seldom lead to a dead-end and provide a logical, well-directed
sequence of tests and. measurements, requiring a minimum level of. under-
standing of the: circuit under test Often they include advanced techniques such
as sxgnature analysis to simplify the procedure. In ‘Ttroubleshooting a pi ct,
even the poorer troubleshoot:ng trees can be usefu! for localizing a fallure rea
in.the system and can/save considerable time and effort.

a-
, .

For many experienced troubleshooters, working from product block diagrams

can supply the right amount of information to understand how the different parts
of the circuit work together. A product's theory of operation and its trouble-
shooting trees do not rélate as closely to the hardware. The schematics often

-provide too much detau!ed mformatxon makmg it diﬂacult to see. the "blg p:cture

The remaining portaon of this lesson ouﬁines a loose siquence of general steps

that you can take to troubieshoot a microprocessor-based product. Numerous -

servicing techniques and “tricks of the trade” are. mterspemed with the

it .

»descnpﬁons , , . o e o
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IS THERE REALLY
. A PROBLEM?

WHAT CAN BE

LEARNED FROM THE

FRONT PANEL?

WHAT ‘DOES THE
MANUAL SAY? -

shortooming A

T f all else fa:ls, look’ at the manual.” ‘Thls rather poor (but prevélent) attrtude':"

- 358

ey
Y

‘ 1t is important to have a general understanding of the defective preQuct so that

you can be sure that a problem really exists. To_sdme degree, you should know
what it does and how it operates. Microprocessors allow designers to design .
products that are not only complex in function, but sometimes complex to oper-

. ate as weli. Be sure the apparent problem is not a user error, but a real product

malfunction. Few things are more frustrating than trying to fix something that is

.not broken. In some situations', it appears that a product should do something it

was not actually designed to do. For example, a DVM AC select switch may work
on YOLTS but not on AMPS. This “design limitation” can usually be verified in the
operating manual and does not.constitute a product malfunctton,. itisonly a

¢
>

Design “bugs” in the firmware (ROM) can-sometimes cause failures when used
under operatmg conditions that were not anticipated during the product design.
These are more likely t¢ occur in early production runs and can best be verified .
(if suspected) by contacting the manufacturer. At the other extrems, a problem
may actually exist but not show up because the product is not adequately

- exercised. These kinds of problems are often very simple to detect (eg
. observing a burnt out OHMs LED indicator when pushing the OHMs buttonon a .

DVM). They can also be complex problems. For example, errors can occur when.
an unusual sequence of operations is perfarmed. Because the compiex problems
are much more difficult to test for, extensive test procedures are used to test = -
products at the factory. The customer, bringing in a product for repair, has no -

trouble pointing out a problem. It is up to the troubleshooter to solve it. ’

A great deal of diagnostic inférmation can often be obtairiéd without even

removing.the: product’s covers -‘Most mlcroprooessor-based products have some .-

sort of front panel. On it there may be switches and indicators, inputs and outputs.
Milking the front panel is a process in which the switches, buttons, and other

"inputs are used to solicit responses from the product that can be observed using -

its indicators’and other outputs. For instance, if the indicators-are all dead when
the power is tumed, on, you might suspect a bad switch, fuse, power cord, battery
connection or poWer supply. if one segment of a display is dead, the problem is
probably the display itself or the circuit that drives it. If the only fal]ure of aDVM
is in the 1-10 VOLT range, the problem area can be narrowed dowrtto a relatwely
small portion of the circuit (the attenuator).

)

- Always take advantage of any designed-in: performanoe venﬁcatton or power-up

test modes and diagnostic, messages that are available. ’These are specmed inthe
product manual.- P F K

&

At thls point you may have some idea of where the problem is or you may have-f

) “even fixed it. But in all llkehhood neither “has’ taken place.

R 4 . : . - .o -

makes even less sense for mlcropmoessor-based products than for oonventional
ones. There may be a bonanza of service aids and procedures in the mqnua! just

- waiting for you to try out. Special service switches, jumpers; test’ fixtures. indi- &
_ cators, and tast techniques can make the job much easier. - :

Try to understand the circuits and figure out where things are Check out the

. _'manual's theory of operatlon section the block dlagrams, and the schematics. -

Lesson 18
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m o You do not have to do this.in g}eat ﬂeﬁéil but just eﬁoUgh to hdave some idea of _ :
) . . .what is going on. Identify the microprocessor, ROM, RAM, /O, address’ decoder S >

- clock bus, control, and- lnterrupt portnons of the system y

Ttié life of-an IC is generally a sequenoe'of predictable events, It is.bom inthe IC  “PRODUCTION VERSUS
w factory and is sent to a product manufacturer, Therq)j)i: inserted into a circult  FIELD FAILURES
board, which in tumn is inserted into & product. Then the product goes into,, . //-'s\ . 7
sarvice, and the IC remains there for the rest of its useful life. Needless to say, not R ) . ' o
all ICs live a long and healthy life. : )
Product manufacturers ate that approxlmataly 2 peroent of all mcoming ICs el R
are defective. Testing inceming ICs on an 1C tester will detect most of these The L .
effective cost of finding a defective IC at this.point is about 10 cents. O are : ' '
loaded into circuit boards, the bad ones cost about $1 to find. If they
detected. ugtil the boards are assembled into the end product, this m-sntu .
e : troubleshooting and repair costs about $10 at the factory. Repiacmg\a bad {Cin. - '
.+ thefield is even more expensive a typical bill for fmdlng and replacing a faulty (C ,
" " in a customer's product is about $100. Clearly, it makes sense to find and elimi- °
 nate the defectxve iICs as early in the cycle as possable ’

. 7> HRMSA-Digi:aI 1C Tester Used to Per!%ﬁv Incoming Inspection . i

5
1]

SN0 T Typesof Fauum . \ N BT 3
oo - - Common fault sources and the besttmubleshoohnggechmques for indmg’them _ : RS o
.. -... " depend on the history of the product and th environment in which it is tested. R N
Coe s Whenanewproductisﬁrstmmedonatmehctoryaimostanym:r\gmlghtbev’ R : h
... ® + wrong With't. Products that fail in the field have all worked at one time. Assembly N o
'  egrofs, such es misioaded cog\ponemsand miswired circuits, generally need not F : . .
A mldsred in field failureg, Algo, the likalihood of soider shorts and multiple- ’ L J T ’ :
aults is much greater on the production fine thar) in the fleld. Field ta@m..are . R O
usuaily caused By componems or connectxons that have failed.. L )

t e . R . ~§f’b . 1\_ ST '_ - g . e
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_ WHAT ARE THE EASY

THINGS TO TEST?

' PROBLEMS

COMMON
PRODUCTION-LINE
TROUBLESHOOTING -

- » Automatic Testers

360

“

“Because of the volume of ldentlcal produgts tested at the factow specialized
testing and troubleshooting equipmgnt and technlqyes can be justified. Auto-
matic board testers and test fixtures are often used to minimize the time it takes .
to locate faults. In general, they provide fast, economic, and accurate verification

“and fault diagnosis. Do.not, howaver, fail victim to overconfidence in computer-

controlfed automatic board testers. Occasionally, boards passed by a production - -

board tester are actuglly defective as a result-of deficiencies {timing, loading, ok

component exercisifig) in the tester or the test program being run. However,

newsr board testen that perform more sophisticated dynamic, functional, and .
parametnc tes;s have \greatly lncreased credibility,

HP 3060A Board Test System Per!orms Fast, Thorough and Emc:enr Tesrmg in Pro-
ducnon Enwronmenr ' - -

»
.

it makes sense to iook first at the thlngs that can be tested and repaired easily.
The simple things are as ukely to fail as the complicated ones. A case in point is’
the power supply: it avctually ons of the mores/fanl{.lwsfe-mone portions of most

. products. It is also oni of the easiest to test and i usuallysimple to troubleshoot.

An out-of-spec voltage can cause erratic circuit performance. If the voltages are

_ not ‘checked . first,. 1’( could take consnderable tnme to find the problem

A mechamcal mspect:on can also be fru:tful Poor PC board and cable connec-

. tors, broken wires, and loose parts can usually be found enher visually or by

touch. .
“ . . ) Ty N

. A number of common sources.of | tailure in a manufacturing environment ¢an be.
found through careful visual ingpection of a product's.circuit agsembl ies. {tis easy

"tovcheck .for improperly set .switches and jumpers, misjpaded "components

- {wrong ones and backward ones); and "cold solder joints Backward resistor
packs can be particularly hard to diagnose electrically becatlsathey can cause.
interaction between unrelaxed loglc nodes, but they are: easy to check vlsually

Two of the more common tailures in productiou are solder and gold (copper) B
shorts on printed circuit boards. These can uSually be removed with a sharp knife.

When the precise iocation of the short is.not. known, there-is a rather novel.
technique for removing it that often works. It is also usefutfor situatiohs in which :
the location of the-short is, not accessible ‘(such as inner layer shorts on multi-
layer boards) The procedure involves charglnga 100 (XX);;F {or larger) oapac{tor

- . 1
: ] LN
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to tive volts {a safe veltage for logic circuits). Then, with cables solidly connected

to the two shorted nodes and proper polarity. ohserved, discharge the capacitor

into them and listen for a snapping sound on the board. Check continuity to see’

if the short has been opened and, if not, try again. This technique should be used
with caution since it will open the weakest link of the current path, which may not
always be the fault source, but may be a tine traca or a plate-through. The current
tracer provides a much safer means for flndlng shorts, as demonstrated in
Experiment 16-4.

o

A relatively new problem in production is the occurrenee of bent-under IC pins

caused by automatic component insertion equipment. These can result in an

open electrical connection between the IC and the PC’board, an intermittent
connection, or shorts to traces near or under the IC. The bent-under pin is often
difficult to spot visually because it may look as though itis propeérly soldered in
place. The best way to teil is to look at the bottom of the'board for the ends of any
IC pms or along the plane of the board to spe under the 1Cs.

PC board edge connectors are commonly used. They may cause problems in
productioh when their borders are cut off center or when they are accidentally

covered with solder resist or board sealing spray. Visual inspection can reveal

’ such problems

14

. Mulmayer PC boards sufter from all of the problems of regular boards plus some
. of their own. Misregistration and contamination of inner Jayers (which can Eause

‘high frequency or leakage problems) can often be observed by holding th
up to the light. Since repair of the inner Iayers is often impossible, the entl

rd

. may have to be scrapped

: ere-wrap boards are prone to bent posts that cause shortlng Other common
nproducnon problems include 14-pin ICs loaded into the wrong end of a 16-pin

socket, mlswmng, wire shorts between plns. and signal coupling (crosstalk) due
to closely bundled w:res

A ’
3

yisugl inspection of a praduct that fails in the field can reveal such things as loose

wires, broken traces, cracked ceramic 1Cs and resistor packs, bent wire-wrap
posts, and dirty connectors. A cellbrated fist” on the side of the cabinet can often
be used to detect loose or ‘intermittent connections and stuck relays. Mechani-
cally stressing boards and connectors (by twisting and flexing) can often help to
locate some of these problems. You might suspect the PC board edge connectors
-when a product is “D.O.A." (dead on arrival) or fails in a hostile physical environ-
ment. You may want to try reseating all-of the assembilies and circuit board

. connections to determine if the problem'is poor connector oontact. A penctl erase'
- is useful Yorcleaning dirty edge connectors ) ‘ e

o

o

" Board Swmplng : /
.t any of the PC boards are easy to remove and replace and known goodones are .
at hand, you can try swapping them. When duplloatee of the same board -or.
“assembly are used in one product, they can be swappeci with each other. The nskl
<nvolved in board swapping is that you could damage a good board because of

the same electrical bverioad that damagedthe bad one when it was installed. In
any case, power to the product should be turned off when remevmg or mstelling

- boards or assemblies. R

iy
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i an identical product is available, funttional comparisons can sometimes be
informative. This comparison’ can be especially useful in situations in which it is
not clear that there is actually a hardware problem (it may be a product
idiosyncrasy or. design limitation).

if a device in a socket is suspect..iry tapping it first.to see if there is a loose
connection and then try substituting a known good one. Note, however, that one
of the last devices you should suspect, but that is most often the first to be
replaced, is the microprocessor. The actual failure rate for microprocessors is
very low. However, because they are complex and their correct operation is
ditficult to verify, they are often the first to be plucked from a PC board. This is
also true 'of the LSI cmps used with them

. Stress Testing

- A technique referred to as srress restmg can be very effective in dealing with .

"marginal or intermittent fallur% Stress testing can e@‘n/cause these types of

failures to temporarily improve or deteriorate; either case is beneficial in locating

a fault. Boards are stressed physically by tapping or twisting them, thermally by
heat {air gun or hair dryer) or by cooling them (from an aerosol freeze can), and
electrically by varying the supply voltage. Thermal stressing can be used to
isolate a fault in"a specific device on a. board more precisely than the other
methods because heat or cold can be applied directly to a singte component.
Intermittents can résult from marginal chips, lead bonds, solder ;omts connec-
tions and dnve and timing circuits. .

e e am e

“"I?"I"

KEY “weyuT

’ e e s L el

e  Coid Spray Helps ldem:fy Fau!ty and Margmal Dewces

Briefly t'ouctjn_ng each device on a arcwr_board can plnpomt a component that is
running hot {much hotter than the others). When a particular devige runs signifi-
cantly hotter than others of the same type, a probiem may exist. A\faulty device

2
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can’ sometimes be hot enough to burn your finger, so -use this technique with
caution. Be aware aiso that some good devices may run hotter than you expect

during normat operatron and that temperatures may vary widely from one device
to another. .

‘Power Supply Shorts ' A ‘ ‘ ’
There are some effective ways of dealing with shorts across the power supply
_ The first thing to do in a muitiboard system is to try to localize the short to a
o single board. This can be done by removing one board at a time until the power
supply is o longer shorted The last board to be removed is the shorted one.

" One technique.for ﬂnding the short .on a faulty board is to inject current through

the two shorted lines with the foglc pulser. The current fracer is then used to -

follow this current ta the short. Keep jn ‘mind that capacitors {especially electro-

lytics) will have some current going into them because of the pulsing current.

Shorted capacnors can be found by using the current tracer to compare the “
"current levels going into identical capacitors on the same board. The capacitor

that shows a much higher level than the others is likely to be shorted. This tech-

nique is particularly useful for finding shorted ceramic bypass capacitors.

S

L Another technique for locating power bus shorts is to supply a relatively higﬁ
-current (about 3-5-Amps} into the short. Be sure to maintain the same voltage = . ..
polarity and not to exceed the supply voltage normally presept. The current path } ‘ R
to the short can .often be determined by using a DVM with high resolution
(.0t mV) to look at voltage drops on the power bus traces. Voltages are developed
across the traces that are in the path gomg to the short, and not elsewhere (see

Figure 18-2}. .

. * : . . . \ /
- . . .

o . Figure 18-2. Using‘Sénslrlve Voltmeter for Locating Power Bus Short

A less scientific, but much more dramatic, techmque for finding power bus shorts | -
s to freeze the entire board {to about ~10 degrees C), aliow moisture to condense -
'on it, and then power it up a3-5 Amp supply As It warms up and defrosts, :
the cument path becomes VlSlble and, in many cases, will pinpoint the short.

. ) Q',, ;o -
, _ . “Once the easy thmgs have been tried unsuocessfully, it is time 10 get down to - How CAN THE FAULT
et business. At this point individual troubleshooting skilis, intuition, and knowledge - pﬁ ISOLATED?
St - of the product really make a dlfference .

-

) R V. . ." . ,,.A \ . ‘ .
- Aosson 8™ - \,- -
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First, be sure to take advantage of any designed-in and documented circuit isola-
tion features, such as selected board removal, service jumpers, and special test
modes and procedures. It can be very useful to separate the microprocessor
system from the peripheral circuits to allow you to diagnose each portion
independently. '

An important troubleshooting concept is half-splitting. Although the term may be
new to you, you've probably been using the process for years without even
knowing it. Half-splitting involves choosing a point roughly In the middte of the

circuit. It is just as likely that a fault exists before as after that point. If the perform- -

ance is correct up to that point, the tault lies after it. If not, then the fault is before
that point. This process works best in circuits that have clear, unidirectional signal
paths” without large feedback loops. Even with microprocessor-based systems,
this approach can be effective because the circuits outside the mlCl"OpfoceSSOl'
portion often fit these guldelmes

In"a typical product, the first half-splft is ,ge;lerallyﬁone at the digital-to-analog '
- interface, if possible. Analog circuits often have higher failure rates (due to higher

‘external overloads, and reduced component safety margins): contributidn

'of a product often relates to its analog circuits. These are often the circuits t

'possubcllty of the electrlcal interaction of clock and TTL power bus lines with

analog circuits, which can cause sernous system noise problems

When suspicion falls on the digital portion, the first thing to look-for is signal
activity. With a logic probe you can examine activity on the clock signals, bus
lines, chip enables, and control lines. Absence of activity on any of these nodes
indicates a possible problem You may wish to refer back to Experiment 16-1 to

: refresh your memory about troubleshooting ‘with the logic probe. -

The most common failure mode for digital ICs is open lead bonds inside the

"~ package. There are thin wires connectin package pins to the 1C chip. If an

output lead bond opens, the output pin ficats and the logic probe will probably
indicate a constant floating logic level because of other device inputs cannected

to that node. If an input lead bond opens, one or more of that IC's outputs will’

usually appear to malfunction (stuck high, low, or executing its logic function

incorrectly). If any of these outputs goes to a'three-state bus, it can cause bus

conflicts {more than one output on-at a time), and the current tracer can be used
to find these. Bus conflicts are ofen observed on an_ ascilloscope by the presence

-of bad, but solid, logic levels on bus lines, but the- -scope provides no information
-as to the source of the fault {ses Figure 18-3). Good. bus lines can also appear

to have solid, bad levels present when ail devices on the bus are oﬂ

Another common digital IC failure is a shorted input pin to ground This fault is
often caused by a bad input protection diode on the chip. it usually appears as

. a stuck low level, which.can be seen with a logic probe. An oscilioscope con-

nected to a node with this type of problem shows a voltage level near ground
being pulled up, perhaps a few hundred millivolts, when fogic 1 output on
that node turns on (see Figure 18-4). The current tracer proyides an excellent
means of pinpoiming shoned input pins. )

P o " Lesson 18
& o . ¥ . Practical Microprocessors




e SoiCra S

R

365 ‘

\ARLS RAALE LERAS AEEAN

WL U YT IR RS FRUEY

b4
+
L
9
¥
+
L
+
L 3

1Vidiv

aalaas b o,

WAL B4 AREEE RARA

‘pv

n g
AL SAL RS “-Hubd

) & 20
2w i

Y

e XN

av

Figufé 18-4. Shorted Substrate Diode on Gate input Pin Clamps Node to Ground

It a current tracer is not available, another means for locating stuck inputs and
outputs involves the use of a sensitive { high resolution) DVM and a can of-cold

spray. Oonnem the DVM to the stuck node and select the most sensitive DC-

voitage range avmlable. Then, while monitoring. the voitage, spray each (]
conoected to the stuck node, one at a nm to change its temperature,' Any
noficeable change in voltage (more than 10 #V)-on the node Indicates that the IC
being sprayed is:drawing current. 'If a freeze can is not available, a heat source
can be used instead. This ‘technique relies on the properties of the semnoonductor

- material used in the IC that relates voltage to temperature.

-
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ISOLATION
. TECHNIQUES

. FEEDBACK LOOPS

. problems is to measure the resistance to ground {with the
‘the bus lines in a particular bus (e.g., data bus, address bus). The resistance of
‘each of these lines is usually.the same. If any dne differs substantially, you may

366

Once a particular input or output pin Is suspected, it is useful to isolate it from the
rest of the circuit. A quick, nondestructive way to do so is to suck the solder away
from the area between the pin and the PC board pad using avacuum desoldering
tool or solder wicking braid. Then bend the pin so that it is centered in the pad's

- hole, not touching it at any point. Use g continuity tester to verify that the pin is,

no longer in electrical contact with the board.

R

o

*- The techniques that you can usé to Isplaté the dlgitél bfocks of microprocessbr—

based product are entirely dependent upon.its electrical and mechanical archi-
tecture. If some of the digital boards can be removed and still aliow the kernel to
operate, this procedure can be useful. If the kernel can be allowed to run open-
loop (no feedback from the data bus), a free-run mode can so ettmes be used
to check the kernel and addmss bus activity.

" An extender board with switches on bus and signal lines can be used to break )

selected signals between a2 PC board and the rest of the system. In this manner,

teedbgck paths and stuck buses can be removed from the main system.

An even simpler way to open selected signals going through a board edge .
C board edge fingers "

connector is to place a piece of tape or stiff paper o
that you wish to isolate. Be careful to note to which board(s you have done this
to so that you will remember to remove the tape or paper late

A somewhat unconventional, but ‘often effective means. of d ecting bus line

suspect a problem on this line. If two lines show the same (lower) resistance, the
two lines ‘may be shorted together. in either case, check the schematic to see if
the arrangement of circuits oonnected to these lines could explaln the differences
before going further.

Overﬁdlrpg interrupt lines and chip enable pins on suspected devices can be used
to verify that the IC is functioning correctly. This can'Be done by momentarily

shorting the appropriate pin high or low, or by using a logic pulser (refer to ‘

Experiment 16-2).

. v

Digital feedback loops are often dlfficult to troub!eshoot because errors propa-
gate around and around. A feedbdck loop with a faulty output signal sends this
signal back to the input to prodiice more bad outputs. Opening this feedback
path prevents the faulty output.signals from going back to the input. Then, if
controlled inputs.to the loop can be generated; the signal flow from theinput to
the output can be’ observed. Often, however, it is not easy to provide this input

{many lines may need to be controlled). it may also be difficult to predict correct -
circuit operation. if another working product (or board with the same urcuitry) :
; i available, it is sometimes practical to allow the output of the goodﬂ circuit fo

Practlcal Mlcroprocessom
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v

control theNgputs of both circuits. In this manner, you know that the circuit under

.. test is getting the correct input signal. It is then a matter of comparing the nodes

' of the two circuits and looking for differences. A signature analyzer can be usetul
for doing this comparison. . ’ .

.
.
P

Piggy-tfacking ICs is a technigue that can sometimes be used to locate defective

ICs. It pvolves looking at suspicious IC outputs with an oscilloscope or signature . »
analyzet.and then placing an identical IC package directly on top of it. The pins '
should be bent slightly, if necessary, so they are all in contact. A signal change

can indicate problems with that device. If no change is observed and the output

is not stuck, it can generally be assumed that the IC is not the problem. Be cau-
tious-of sequential circuits (such as counters and shift registers) that may cause
output differences because of start-up conditions. A better way of performing this
.test is to use an IC comparator, -such as the HP 10529A Logic Comparator.

’

AL

AN

AT R A
T NIy, ST E ARV ISR L T

N oo, * ! - ’ N -
o s = o

HP 10528A Logic Comparam( Performs in-Circuit Logic Device Compatisons to
Known Good Referencs -, ’ Co D - .. .

»
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No amount of knowledge and experience can totally compensate for inadequate
service documentation. In some cases, shotgunning (replacing components untit
the problem disappears) may be the only solution. Most microprocessor-based
products, fortunately, do not fall into this class. Future products will probably
incorporate advanced service techniques, such as signature analysis, as more
designers realize that the old troubleshooting methods and tools used for random
logic are not very effective in dealing with microprocessors. '

: e ' * Lesson18 .
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o

Microprocessor systerms can be thought-of as an extension of traditional digital
logic. Many of the components, circuit designs, and troubleshooting tools and
.techniquss are the same. However, there ars some differences. Microprocessor
systems arg bus dstructured and many of the devices on the bus are complex
LSi devices. The-signal activity between the devices on the buses is constant and
complex. It is often useful to break the data bus, which is the system's mai
feedback path, to help isolate a fauit that causes the entire system to malfunction.

Although troubleshooting trees provide an orderly approach for focating system

fauits, they are not always adequate. There are numerous techniques, procedures,

and tricks that can be effective in diagnosing, isolating, and locating. faults in
mlcroprocessor-based products. Many of these were discussed. i !
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QUIZ .'

Lesson 18

1. in microprocessor buses, oscrllosoopes are least ettectlve when looking for:

a. improper data.

b.-faulty logic levels.
¢. timing ‘problems.-
d. bus contlicts. .. -

" 2 The most effectlve tool for findlng the defectrve device on a stuck bus is the:
L - & Signature analyzer.
. : b. logic analyzer. -
e ' ¢. oscilloscope. -
' : ’ ' d. current tracer.

K 3 A~potentlal problem with troubleshootmg troes is that:
a. they are hard 10 follow. T~
b. they have termites. <
c. they require too much knowledge of the product
d. they may lead you to a dead-end.

bl

-

"4 The first troubleshootmg step should beto: B

‘a. read the product service manusiilil-
. b. ‘check the fuse and power cord. ©~ .
SR R - +c. shake the product and tisten Sor rattles.

‘ e . d. determine the nature of the problem

»

5 A Key requirement for mzr;sprrmg s : N
& unidirectional- signal paths. T

b. SA test modes._ . SR

c. board swapping. =~ -

d havlng a good comparison product available

L : L o 6 The,most common: failuremode for digital IGs ls
: N . a. a wrong chip in the package ‘
e A b. a shorted input diode. _
: : : r . .c.an open lead bond. -
-+ " d abad output gic level.
- = : ..!
4 s - "';0,, i
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VI Prodrammind in Assembler Lansuade

Prodramming the 6800 microrrocessor is 2
.self-instructional workbook for sssembluy: landuade and
machine- code prodramming for the 6800 familu. of
microrrocessors and rerirherals.,

=

{

N . The 6302 is essentially an urgrade of the 6800. The
6502 .and it‘s rerirherals are very similar or the same as |
those of -the 6800 familys. Encugh similarity exists betueen
the two that 3 student cans by comrletindg the workbook,
becore skillful in programming & computer usind the 4800
~and 3t the same time develop skills that are transferable

to the 6502. : u

-

.. The follou1ns table compares Lhe reglsters and control
515n315 of the 6800 and the 6502 ~

© eg00 | ¢592> _Q o
.. Program Counter. 16 Bits . 16 Bits
Accumulator . ﬁccumdiator A | ) Aecum '? or A
. ’ Accumulator B : .
‘ . \.‘ z . }' . . . . ‘ A“" .....
- Condition Code 6 Flags: - 7 Eladgs .
Register . = = T . status redister
' Index Register - X redister X register
: ' : - 16 Bits .. Y. redister
N ‘ B ~ 8'bils each.
Stack Pointer . 16 Bits: 8 Bits
e .. - located ansuhere - located in zero
| - ‘,1n'lgnors_. B AjPaSQ'onls -
Arithsetic = works Priaabilg_“ works Prxuarzls
Logic Unit fjf_--qithaﬁccuuulator'ﬁ with Accunulator fA

Instruction ' 72 i}SLrucLioﬁg_fvi{56»1nstructzons>n;"
decode and contrql . X\A} o _ R o L

Abbress Bus . ‘- 16 lines .. 16 lines
- Data Bus . Qlines . Blines °
. Clocks . .° . Olasmd 02 01 and 0z
: xm,erruns;_' © IR@ wa o
| St Reset
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CFU control | Halt o wDY

A

,:Conlon address;ns nodes. o 3

372

Control lines . R/7W . ‘R7W
’ : UMA’ ' ‘ . Sunc
- DBE." : ' , Set ovarflou
BA o ,

TsC 3

N
L r K

Control lines or redgisters that are not sxmxlar 1n Lhe tuo
processors are dxscussed below.

A

Accumulator By Lhe 4800 has one addzbional accuﬁulator
houever mosd operatzons are carr1ed out usins accumulator

1

RDY (reads)s delass executxon of anu cucle dur1n3 which the

_ RDY lxne is pulled low. The ROY functxon will not stor. the

Processor during 3 write’ cucle.

,«'

HﬁLTy a low on the HALT 11ne causes the CPU to stop.

a

"vnn (Valxd Memory Address)s thzs signal is output hxgh

whenever 3 va11d address has béen output on the address‘
bus. ' . _ , %

f ‘;'.h"\_/

SYNC» 3 sidnal is- Provxded to 1dent1f3 those: cscles 1n

- whxch the Processor is doing an oncode fetch.

-~ - 2
-

~

" DBE (pata Bus Enable)v uxll enable the ‘bus dr1vers when 1n
the hish state. | o > % :

N "'

Bﬁ (Bus ﬁvai&ahle)r the bus avaxléble sxSnal will normalls;

ij be in 3 low states “when activateds itk wxll g0 Lo, a high
' ;state indicating that the microsrocessor- has stOPPed and

that the address bus is avaxlable.

It
N oo

- 'Set Overflous not nor-alls used. )~ . ,{4“F

" TSC (Three State Eontrol)v this® xnput is used to float the

address bus, anq the read/unte ccmt.rol outPuL.

= D
b b i3 . » s
. g . . :

a ° )\

~ esoo o eso2
N éccﬁ;ﬁlatorf" §:;'e1Lher A or 8  §:'-.dhi§;§"‘ “_Q 
1 Ihnédi§Le F ;}Agéﬁe as 46502‘:T - same 3s 6800 s
linlrect - - fg;";&sdo'termipologsf f:called zero Pase

‘”f::sxtended ';/~\ ;ﬁEOO‘ﬂerhihélpégj'?'called sbsolute oo
: e . ~ . high:-and low bgtefm.faj__

:l' . weT 7 apderreversed:

iTet
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9 Subroutines: Simil3r to the qsoz.

" landuadge and machidge pode ahd dou uil; also be able to

373

Imrlied _ . same 8s 6502 same as 6800

Relative same as 6502 séme as 6800

Indexed uses_2all of memorye only rade zero is
. : used

The 6502 has 6 olher addressing modes not found on the
6800,

Probably the main difference between the two is the
rirelining concerty that iss the 6502 will address new data
while it is still rrocessindg orcode. This dives the 6502 z
look shead feature that sreeds ur execution time.

Prodrammindg the &8090 Microwrécessor
The titles of the charters are listed with comments if
arrlicable, It is imrortant to do a1l the exercisessy if uou
have a3 Problem Kindly ask for assistance,
1 Review of binarg and Heradec1m31 numbers.

2 Accumulator orerationst 81m1lar to the 6502 ercept two
accumulators are used.

3 Sumbolic Addressind,

4 Index Register: Intoduces sddressing via the index

‘redister.,

»
2

5 Branchind-assemblu lansuade,
& Branching-machine codes

7 ﬁssnchronous Communication Interface Adapter. Probabls‘
this charter should be done last,

8 Ferirheral Interface Adapter. Sxmxlar Lo the Uers1tale
Interface Adarter.

13

10 Stack Operation? Similar toc the 6502,

11 Interruptst Similar to the 6502,

e the worKbook usou u111 have saxned -
ing rrodgrams in 6800 assembler

After sou comrle

i

Switch on the AIM 65s ture Nr uou are now resds to

prodgram the AIM 45 in assembler landguade. For more

fﬁforlatlon see rpade 5-1 1n the AIM 65 Users Guzde. Happs
Prosra-nxnsf
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Accumulator. A srecizl rurrose redister in whlch the

sults of Arithmetic LOSIC Unit operat1ons are
plared.

Acoustic Courler! Device for connecting ihe‘telephone
handset to the comrputer inrut rort.

A/ ¢ Analog to digitezl. Conversion from sensor’s analod.
vollages to the disitsl rerresentation used by computer
systems., This is so comruters can sense the "real’
wor 14’ . o :

Address? Number indicating the rosition of 2 word in the
memory, Turial sddresses rande from O to b4K.,

Algorithmt A set of well*deflned 1nstruct10ns to carey out
3 Frocess in a finite number of sters,

Alrhanumeric?: The set of all alPhahetlc characters and
numeric chracters. “

%

ALy Arithmetic Logic Unit.

Analo“ Having a cont1nu0us rande of voltadge or current
values., . A -

ANSI | Americen Nationzl Stenderds Institute.

Arithmelic Laogic Unitt Element which can rerform the basic
dete mapirulations in the central srocéssor. Usually
the ALU can adds subtracts comflements nedates rotstes
ANDl and OR. ' '

ASCII ¢ Americsa Stndapg Code for Information Interchande.
Character code used for rerresenting 1nformat1on in
most non—-IBM or;western Union eeuirment.

Aésembler: A Prosram that thanslates assembly landuade into
machine landuade, " _ S

" Assemblu Landuage! A computer lansuege that uses mnemonic®
names Lo stand for one or more machine landuade
instructions.,

BASIC:lﬁn acrqg;m for Beginners All Purpose Ssmbolic
Ingtruction Code. A hish-level conversationaly
interrretiver prodranming landuade in wide uses

Baud: Rils Per Second. Actualluy binarv -units of information
rer second. Teletures transmit at 110 baud. Each -
character is 11 bitss and .the TTY transmits 10
characters rer secohd. /

. . o . . :

Binary Number: RePresentation of 3 decipal number in the

binary sustemy using 8 sequence of 0’s and 1’s.

Bit: Contraction of Binary Didit. A bit is-a “0"_br a "1%,

-
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Brezdboard: A breadboard refers Lo 2 rrototure circuit.

Comes from when radios were made on mother‘s
breadboard.

Roolean Logic! Named after Georsge Boole who.defined binarw -

‘arifhmetic and logiczl orerations such as ANIs OR» NOT
and XOR. .
N,

.,

Bootstﬁap. Frodram used for startlng the ;Bmputer. Usualls
_ clears memorysy. sets up I/0 devicesy and loads the -
" prerating sustem from ROMs disk or casse;te.

Ereskroint! Soflware or hardusre device uwhich will stor s
~rrodgram and dume the current machine status.

Bug! A mistake, Getting dut the mistakes is Knoun as
debudgind. ' ‘

\

Rus! Peth for signals having 2 common function. Every N
. "stzndard” MPU creales three buses! the data busy
_address buss and control pus, . . )

. P \
- Bute! Set of 8 bits., A byte is universallvy used Lo
rerresent a charascter:. Microcomruter instructions
reeuire one,-two or three butes,

*Call! Instruction used to transfer Lhe PPQSPBm execution
' sequence -tLo a. subroutine or subPrBSPBm.
Carraige Returnt Standard tspeurxter Kewy causing the

rrinting element to move back to the bedinning of the
line.

CCD : Charde Courled Device. Serial storasé technolodgy that
"~ uses MOS caracitors. ‘

Chracter Generstord Circuit which form5 the letters or
numbers on 3 dlSPIBB or rrinter.

Checksum: Method used to verlfs the 1ntesr1ts of data
loaded into the computer. R
Chip. Rectandular s1lxcon dle cut from the wafer. Bu

.extensionr everu L%I rackage is commonly called a
chir, . .

CombinationaI.Losié. Circuit arrandement in.wﬁich the .
outrut state is determined onlu bu the Present state of
. the inrut. .

Comment F1eld.dF1e1d uxth1n an 1nstruct1ony reserved for

commentss which is 13nored bu the conPiler or the
assemhler.’

.Comp1ler. Translatzon program which converis hish-level

instructions into a set, of binaru instructions ( obJect
code) for execution. Each high-level landguase -reauires
a3 comriler or an interrpreter. A compiler lranslaies the
comrlele prosram which is then executed.
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Computer? General-purrose computing sustem incorrorating s
CFUs memorys 1/0 facilities and pouwer surply,

Control Bus: Set of coptrol lines in a computer sustem,
Frovides the su ronization and control informlion
necessars to run the sustem.

 Core: Small magnetic toruses of ferrite which are used-td
store 3 bit of information. : ~

CPU ¢ Centrsl Processing Unit, Comruter module in charsge of
fetchinds decoding and executing instructions., It
incorrorates 3 control unity a3n ALY and related
facilities (redisterss’ clocksy drivers) ,

Cgash: Harduware ar softuware malfunciion thal casuses the

- sustem to hall or become lost in a2 loor. _)

Crosstalk: Interference hetueen tuo signals.

CRT Terminal! Comruter terminzsl using 2 CRT disrlaw and
Keuhosrds usuallu connecled to the terminal bu 3 serial
li‘nK. . ’ : . -

Current Loor! Mesns of communicating dats via presence or
absence of C two~uwire eable. i -

D/A ¢ DBidital to analos. Canver510n from the d131ta¢
rerresentation used in comfuters tao the 3nalosbs13nals
used to drive smpeakersy motors, etc,

Data Bus?! Set of lindg carpslns data, In a "standard" B8 bit

"MPUs the dalz bus\is bidirectionslsy tristate and has 8 -
lines., : ‘ ~ :

Debouncins:.Eliminatioé‘of the acecidental bounce sidgnals
characteristic of mechanical switches. Debouncing may
be rerformed by hardusre (latch) or softuware (delau).,

Decoder? Losic device that decodes binary inruts. A 3-bit
decoder (e.d. 74138) will have 2t3 = 8 outruls because
a 3-bit number can have 8 differeni values.

: DeVQIOPment sustem: Microcomputer. sustem with all the
facilities reauired for efficient .harduare and softuare
develorment for 2 given microrrocessors Il includes at
least a microcomputer boxs rlus 3 CRT disrlau (or TTY),
rrintersy mass—storage (usuallus duzl.florries)s PROM
erodrammer s parer—tare reader (a2s 3 back ur)d)sy and in
circuit emulator.
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Ilizgnostics!  Set of routines used to diagnose ssstem
' malfunctlons.‘ :

Digital: Having discrete states. Most losgic is b1nars
lQSlC! ulth tuo 5t3tes; on or off.

Diskettie! Florpy disk, A circular mular substrate coated
“with 8 masgnetic oxides rotlating inside a srecial Jacket
which internaldy cleans the surface.

" Iirectory! Table of contents 513ned to asllow conven1ent
. BCCess to srecific files.

IMA: - Direct memoru aécess me od‘uéed to Prbvzde hidgh
speed data transfers betwden a perzpher1al and memory

Uperat1ns Sgstem i Lesratlns disk~file

Dot Matris: method of ~£ofming characters by using many

small dot .
Tlguhle Den51L§} Technlaues used. to- double bit denszts on 2
magnetic storzde mediumr such as MFMs M2FN.

" Dunamic Memoru!: MOS RAM memors'usins dunamic circuits,

Ezch bit is stored as 2 charde on a sindle MOS
transistor., This results in very hish densxts (only one
trans1stor Per blt)

ERCDIC: 8-bit code used‘bs IBM to encode slrhanumeric
sumbols. It is essentiallw analoSOUS to ASCII, thh a3
different sesuence.

“
L RN

Editor. Frodram desidgned to fac111tate the entrs of . tert
in a8 comruter sustem. Tupical faczlltles 1nc1ude. _
inseri/lines arrends search for "siring"s substitute
(from...to...) o

EIA: Electronic Industries Assoc1at1on.

EIA-RS232C: Serisl interface standard for asunchronous
communications, Data are senl ip 10 or 11 bit long
serial bundfes. The first is a start bit indicating
. the bedinnindg of the data. The pext is the LSB of the
dala. After the last bit comes the stor bit or bits.

EPROM. Erasable PrdSrammable Read Onlu Memoru. A PRﬁH that
can be reused. Most EPROMs can be erased bu exPosinﬁ
them to ultrav:olet light, : e



"Firmware! Prodram stored in ROM. Normallyr firmware
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Fairchild!? The cldest semiconductor manufacturer in
Silicon VYalleuy.

Fan—-in! . Electriecsl load Presented Lo an output by an
“inrut.

Fan-out: Electrical load that an outrut can dr1ve.\Usualls
exrressed as the number of inputs that can be driven.

Fetch: Reazading an, instruction from memorwu.

designates any ROM-imrlemented rrodram,

Florry Disk: Nass -stiorage device thatl uses a3 fleylble s .
(florry) diskette to record information, '

Flowchart! Grarhical rerresentation of of rrogram logic.
Flowcharts enable the desidgner Lo to visualise the
rrocedure necessary for each item in the rrodram. A
complete flowchart leads directls te the final code.

GIGOo! Garbage iny darbade out. Implxes‘thét misinformation

arrlied to the cfu u111 result in mxslnformat1on
oulrut,

Glitch! #:-rulse or burst of noisé.

Half-durlex! Comsunication techniaué where data mas travel
in only one direction at 3 time,

Héndassemble¢' Translate a3 Frodram from assembhly landuade .

to machine code without the ass1stance of an assembler
Program. : .

Hard—copg.' Computer outrut on rarer.

Hardware! The bolts:‘nutéy boardssy chirses wiress

transformersy ete. The rhusically existing comronents
of 3 sgstem. . '

Hxsh level LanSuaSe. Prosrammlns 1an5use resembling -
“natural landuadge”s with powerful instructions. ‘
Examrles are Fortrans Basics APLs ALGOLs COBOLs PL/M.
All require 2 comrilers of an intenrreter.

Impact Printer! Any mechanical imerinting device where the

cgsracters are formed by str1k1ns the ribbon onto the
- Y XY SR : \ :

3

| Inpdtlobtput’ anes or devices used to obtazn or to

dxsplas 1nformat10n out51de.

-ihstruction:' Single command within s rrograms Instructions

m3y be arithmetic or lodicals may orerate on redistersy .
memoryy or I/0 devicessy or may srecify control
orerations. A seauence of instructions is a8 program.
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Integratéd circuit! A circuit- wh;eh is fabricated on a K R
sindle chir of 5111con. “ : :

-

Interrurt?: Involves suspension of the norma Prosram than‘
the microprocessor is executind in‘orderytio handlel 3 =~
sudden reeuest for service (ihterrupt).t{ "if~-

Interrust Uector1n9. Prov1dlns a device LB number or. an
actual. branching ‘address in resranse . to the°1nterrupt
acknowledde s13nal. Allouws estch 1nterrupt to be} -

serv1ced by’a different routine. . [ R

o=

~

: .
Kansas City Standard. Standard for cassette tape recordlns R

and plashack of EIA-RS232-C datz. Uses freauencs*doubLe *
feauency ‘encoding technigues where a 1 is represented

by 8 cucles of 2400 hertzy and a0 bs 4 cuules of 1200
hertz. o A R S o

Line Frinter? Hish sreed erinter carable of printing
51multaneousls e complete llne (SQ to 1”0 characters).

~

LSB: Least Slgnaflc t Blt. C Co ;r IR
Machine Languade! Set of b;nars'codes; rerresenting. the-
instructions which can be dlrectlue tecuted by 3 7
PrOCEessar . :

Iy
-

Memors. SLorage area for binarg»data Programs.,
Microrrocessor? LSI 1mplementatxon of 2 comPlete Processor
(QLU + Control Unzt) on 3 51ngle chir.

.

Mnemonici Sumbolic representation, seheralls Bn‘opcode. .

Mcdem. ﬁbdulator déﬁbdulaho?. Used to 1nterface 8 digital

device to a telerhone line., Encodes and decodeé serial
bits into freeuenc1es. - :

ObJect code! Code Produced b 3 Lranslator programy such

2s compiler or assemblers which can be eyecuted by the' T
FroCessor. . : .

Operand' Second Part of an 1nstruc&10ng usualls data or an ot
address. . _ e ,

Coe e . 1

_Oéerat1n5 Sustem? So?tuére reauired to manade ihe.harduare ,j' I

resources of 3 sustemy and its logical resourcess
including scheduling and file management.’

Oreration Code (orpcode)! Used Lo describe the segment of
the machine languasde or assemblu landuade instruction
SPEleBInS the operation to be Perforted.

Pascalt A high level Programming }ansuasef

=
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< Fortt Ph351cal I/0 connect1on. Usualls involves 8 hitss

.

for 8~bit m1croprocessor. L ‘ ‘

Pull uP Resxstor. Used to Provxde the source current for

~., open-collector lodic SBtes qr 3 termznatxon for unused
hlSh 1nputs.-

I

Rﬁﬁﬂ .Random Access Memors. Denotes inuféél Read(urite t81
memory. R 7

'ﬁOM: Read Onlu Memoru.

8100. Porular hobbsast standardzzed bus characterized bu
"100 rins, and su1ted to an. 8080 ture ssstem.

Scratchpad. . Groupr of deneral! purrose reglsters without
spec1f1c function providindg a3 high sreed NOrKspace.
Usuallyy an internal RAM. e .

Sector:- Teiangular section of»a.disK surface. Q_biock of
- data is addressed bw its .track and sector numbers, A
turical dlskasector has 128 bstes of dsta.
) c o _
le1con Valleu? Area around Sunnsvaley Callforn1a where

_ most of the semiconductor manufacturers are instaslled.
Also called lelcon Bulch.

! T
Source Code! User,urltten rrodgrams once entered in the
' ssstem; usualls in ASCII code.

~

g\g}atle Memorw! MOS memors which uses a flir-flor as

storade element.” It does noi need to be refreshed and

does not reauire 3 clock. It does not lose its contents
, .8s lond as power is arplied.-
r : . . (

JTTY: Teletupe or teletupewriter,

. Variahlel. Sumbolic entify which mas assume 2 number of

v3lues,

) N C ' £
VLSI! . Veru Larde Scale Intedgration. In practices over
100000 transisﬁors Per‘chiP..

uord“ Logical unit of information. Mau have ans nunber of
b1t5y but is usuallu 4y 8s or 164 for HPU’S.
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 APPENDIX C
LETTERS OF PERMISSION

REPLY TO REQUEST FOR INFORMATION
ON COMPUTER TRAINING PROGRAM
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HEATH

January l4th, 1980. -

Mr. John R. Balcom,
356 Pleasant St.,
TRURO, NS

- B2N 374

© Ref: ¥ 008292 G.

Dear Mr. Balcom:-—

Thank you for your recernt letter concerning the Heathkit digital techniques’
trainlng program. : o
Please accept. this letter as our permissibn for yqu to reproduce pages 2-5
to 2-18 of the Heathkit digital techniques' program, as part of your thesis.
The only stipulation we place on the reproduction of this material is that .
you clearly indicate the material is produced with permission of the Heath

' Company and reference be made to the fact that it was obtained from the .

" Heathkit model EE-3201, dlgltal technxques learning program.

’J

Thank you for contacting us in thlS matter and we trust that the foreg01ng :
w111 be satisfactory. i

Yours t;uly,

HEATH COMPANY, a division of
ZENITH RADIO - DA LIMITED

GAH/ah

oo . : ' G. A. Harris,

Manager, Marketing Services.

5» " HEATH COMPANY .
ADWIS!ON or G - ‘

1450 DUNDAS HWY. EAST « MISSISSAUGA, ONTARIO L4X 2R7 + TEL. (416)277.3101

' - TELEX 08961114
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HEWLETT ﬂ PACKARD

HEWLETT-PACKARD {CANADA) LTD. » 800 Windmilf Rosd, Uartmouth, Nove Scotis B38 1L.1, Telephons 469.7820

-

/,

-Mr. John Rl Balcom,

- 356 Pleasant Street,

Truro, Nova Scotia
B2N 374 .

- Dear John,

Thank' you for your 1etter of

Januafry 23rd regarding |

) T~ -

~

January 25, 1980

your Thesis, that you will be submitting to-the _*

-Un1ver51ty

-

N

"Please consider thTS Ietter your: authority to 1nc1ude
.Pages 295.to 313 of the "Hewlett-Packard Practical
g M1croprocessor Textbook" in your Thesis.

)

-1

Should you have any additional questions please feel free
to contact me at your canenience.

" Yours tru]y,

"  Sales Representative_,

-’

) ,HENL TT- PACKARD (CANADA) LTD

ectronic Instrument§
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 To get more detailed literature, Applications Engineering or - -

* If, for any reason, you do not get the 1mmedxat; ind complete - )

~§

"

~————  Rockwell International ———\ |

where scienoegeisdmnbbushws

Here s the hterature you
req'uested on Rockwell's
M1croelectromc Products

other assistance, please contact your nearest Rockwell repre: i
sentative or distributor, shown on the included list.

-

service you need, please call this number:

(714) 6323729
We appreciate your jaterest in our lhicréelecgropic' products, ’
and lock forward to satisfying your requirements. >
. ROCKWELL INTERNATIONAL .
Microelectronic Devices
. "PO.Box 3669 | -
.Apaheim, CA 92803, U.S.A. | - :
Markztmg Phone: (714) 632-3729 e
= - J
: - ] \a :
g -. 2 s . - "
I - _') ! ;‘.V ' B “A
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NORTHERN ALBERTA . . - - 40374772111
INSTITUTE OF TECHNOLOGY : ‘ N '
‘ _ . o X 11762 - 106 Street
< Department of : : Edmonton. Alberta. Canada T5G 2Rt
Advanced Education : ~ .

and Manpower

S

November 8, 1979

P

Faculty of Education

Saint Mary's University

Halifax, Canada ‘ )

B 3C3 : : e

Attention: Mr. John R. Balcom

Dear Sir: '-f-

- In response to your request of ‘October 25, 1979 (just

received), I have enclosed copies of the following:
1. ' 1979/81 NAIT Calenday -

2. Electronics Engineering Technology' Course Outlines
. -Yearland 2. “ - o
3. .,Electrbni?s Engineering -Te'chnology student book/ -
materials*lists. : : '

" While odur two-year. Dipldna program in Electronics Engineering

Technology is not specialized solely to train computer technicians/ .
technologists, employers have expressed a high degree of satisfaction

in using our graduates in this capacity.

I hope the information supplied will be useful to you.- I would more
than welcome information relating to the. outcome of your jnvest_igafion.

t._. v,
N .
m_ﬂead _
_ ctronics, Department
"RMK*bk_f . , o o
3] Encldsuzeé |
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COURSE OUTLINES/FOR PRACTICAL MICROPROCESSORS
4 5 AND ST
INDIVIDUAL LEARNING PROGRAM IN MICROPROCESSORS
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PRACTICAL MICRGPROCESSORS by HEWLETT-PACKARD

.

Course ObJectives and Outline.

Course ObJectivés

a2) Acoulre a rractical gnouledge of wmicrorrocessor
ssstem harduare. .

b)) Gain 3 basic uhderstandina o? the software that is
used to oontrol a3 m1oroprocessor ‘sustem. .

c) Learn hou the sssten uses this softuare to rerform 3 -

wlde variets of orerations. .

d) Use this information €o'learn rractical }
troubleshootxns techniaues that are applxcable toe any
microrrocessor sustem.

-

Course Outline .

-

Section 1, chropﬁbeeégor Fundauentals’ contains three _
lessons that eprovide a basic 1ntroduot:on to microprocessor
ssstems. : R

Lesson 1. Introduction to M1croprooessor Ssstens.
Lesson 2. Number Sustems.: - :
Lesson 3. Softuare Fundamentals.
' CT o]
Section 2. Introduetxon To Prosramm1n5y contazns three -
lessons that provide an introduction to prodrasming and
instruct1ons for usindg the onroprocessor Lab.

Lesson 4, Us:ns the Microprocessor Lab.
-+ Lesson 5. Softuare Concerts.
Lesson 4. Inside the chroprocessor.

-

Section 3, Microrrocessor Sustem Hardwares oonta1ns four
lessons that descrxbe microrrocessor harduare in detail'

Lesson 7. Basic Harduare Concepts.
Lesson 8. Address Decoding,’

tesson 9. Memories and Per1pherals.
Lesson 10. Control ercuzts. A
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ySection 4, Programming Microrrocessorss contains five

lessons that cover some of the more advanced concerls and
technicues for rrodgramming m:croprocessors:

Lesson 11. Redgisters and Breakroints.
. Lesson 12. The 8085 Instruction Set.
Lesson 13, Software Desian Techniaues.
Lesson 14. Softuware Control of Perirherals.
Lessqn 15, Number Rerresentations and ﬁlsowx(hms.

N

«
~

Section 5. Troubleshooting Microrrocessor Sustems -
, contains four lessons that desl with the theory of
. troubleshooting and the new tools and technicues that have
b been develored/ to troubleshoot microrrocessor ssstems.

Lesson « Hend-Held Troubleshoot1n3 ooda?
. Lesson Sisnature and Logic Analyzers.
. _ Lesson

vroubleshooting M1cr0ﬁzﬁéessor Sustems.
oubleshootlng the Mitrorrocessor Lab..

~ -~
> L

Lesson 19..

_ -
Section 6. Other Microrrocessorss contains only one
lessaon. It rrovides a surveus of seversl currentls
ava1lable mleroprocessors.

Lesson\zo. Microprocessor Surveud.

- & - N

L&)
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@ INDIVIDUAL LEARNING PROGRAM IN ﬂICRDPROCESSORS
. by
* HEATHKIT Continuindg Education

s, Course DbJectives angd QOutline

Course Ob.Jectives?:

o~ When sou have completed thls course: gyou will be able
N\, to do the followinsg? -y,

m%q;ﬁﬂ,d/f ) Prodgram 3 rerresentative microrrocessor..
: 2.\ Interface 3 rerresentative mnicroprrocessor with the
- : "outside world.” :

Course Outline: A>XN/A\

Unit 1, Number Sustems and Codes ' .

: . a) Introduction _ ‘ : Sos
b) Decimal Number Ssstem -
c) Binary Number Sustem
d) Octal Number Sustem
€) Hexadecimal Number Ssstem
) Binaru Codes .
g) Exreriment o . “

Unit 2. ﬁicrocomputer~Basic5
‘ 3) Introduction
b) Terms and Conventions
c) An Elementary Microcomruter
d) Executing 3 Prodram '
e) Addressing Modes
s ) Eyperiment

Unit 3. Comruter Ar1thmet1c ' -
- 8) Introduction = . . -
~b) Binars Arithmetic ' )
c) Two’s Conmrlement Arlthnetic
d) Boolean Orerations
e) Eyperzment

. .Unit-4.'lntroductxon to Proﬂraltint _
‘ 3) Introduction . ' .
b} Branching R :
c) Conditional Branchinsg IR
. d) Aldorilthas A , =
) ~ / : - e) Ad@itlional Instructions B -
i R , ) Experxnent .

! « - Unit 5, The 6800 Hicroprocessor - Part 1

¢ o ; *  a) Iatroduétion

¢ : " b) Architecture.of thc 6800 WPU
i _ o .~ ) Instruction Set of the 6800 HPU
£ o - . - d) New Addressinsg Kodo: A

- e - e) Experi-ent R . T



) Unit 6.

Unit 7.

- b) Interfacing Fundamentals

1Y

391

]

The 4800 Microrrocessor — Part 2

3)

Introduction

b) Stack Orerations

c)

Subroutines

d) Input-Outrut (I/O) Orerations

e)
)

Interrurls
Exreriment

Interfacing - Part'1

- 8)

Introduction

3

~ ¢) Interfacingd With Random Access Hemors
d) Interfazscing With Disrlass

Unit-B.

Unit 2.

e)

‘Exreriment

Interfacing ™~ Part 2

a3)
b)
c)
~d)
e)

Introduction
Interfacing Wi
The Ferirhera
Using the FIA
Experxment

th Su1tches .
Interface Adapter (Pla)

Programming Experiments
. 38)

)
c)

d)

el

)
g)
h)
i)
J)

K)

Unit 10,

Introduction
Exreriment 1.
Exreriment 2,
Prodram

Exreriment 3.
Exreriment 4.
Instructions.
Exreriment 5.

Exreriment 6.

Exreriment 7.

Exrerinent 8.

Exreriment 9.
Exreriment 10

Binars/ﬁeéinal Tr3ining Prodranm -
Hexadecimal/Decimal Training )

Straiéht Line Prosram§
Arithmetic and Lodic

Program Branches.
Additional Instructions
New Addressing Modes
Arithmetic Orerations

Stack Grerations - ‘
+Subroutines - ]

Interfacing Exreriments

a2)
b)

c)

d)
e)
f)
g)
h)
i)

J}

Introduction:
Exreriment 1.
Exreriment 2.

Exreriment 3.

Exreriment 4.
Fyreriment 5.
Exreriment 4.
Interface Ada
Evreriment 7.
Exreriment 8.
Serial Conver
Exreriment 9.

Memory Circuits
Clock -

Address Decodlns'
Data Outrut

Data Input ‘
Introduction to the Peripheral;.i'
rter (PIA) -

Audio Outrut

Kes Matrix . and Parallel to-
sion :

Digital-to-Analad and Analos~

to—D1§1tal Conversxon



