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ABSTRACT

Microprocessor based systems are being used .increasingly

in nearly all the walks of life. Their usage is wide
spread; from house~hold gadgets to sophisticated missiles.
In order ﬁo be able to design even simple microprocessor
baged systems; it is necessary to understand completely

- the working of the microprocessor chip and allied periphe-
rals. For this, a 'hand on' experience is a must. The

aim of this dissertation was to get this experience. Micro-
processor based digitai IC testers were a natural choice

of the practical system selected for design because of the

necessity of testing IC chips befoY¥fe actually using them.

The basic unit used was HIL-2961 microprocessor trainer,

an INTEL 8085A based system., A brief description of this
unit is given in Chapter 1 . Chaptoer 2 deals with the under-
lying principles of IC testing alongwith an initial Vest

programme for IC 7400.

A.CRT terminal is a very useful peripheral device for
increasing the user efficiency in communicating with
the microcomputer. The IC tester developed in this

dissertation operates through ADM-3A, a CRT terminal.



Abstract contd..
Chapter 3 deals with design of the hardware interface
between the terminal and the microcomputer. Monitor

developed for the IC tester is discussed in Chapter 4.

Test programmes for various ICs are discussed in Chapter 5

and finally the design of a Universal IC Tester is discussed

in Chapter ©.
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CHAPTER - 1
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GETTING ACQUAINTED WITH
PIL;égéh TICROPROCESSOR
TRATNER

14 INPRODUCTION

IIL-2961 microprocessor trainer (i.); markcted by Hindustan
Instruments Limited, is a microcomputer based on THNTEL's

G085L uP. This system formed the bagis of all the work carried
out in this dissertetion. It is, therefore, necessary to gain
an insight into the various functional aspects of this system
before proceeding further with the discussion of the disserta~

tion work.,

The pin configuration and »rief description of the 8085\ uF

is given at ippendix 'A'. The summary of the instruction set
is given at appendix 'B'. Fig.1.1 shows a block diagram repre-
sentation of HIL-2961's architecture., The user can communicate
with the system through a 24 key keyboard. Sixteen of these
keys are used for the IHexa decimal code and the remaining

eight “eys viz., FETCH Ri¢,FETCH ADDR, STORE/INC, DECR,

SINGLE STEP; FETCHipc;MC STEP and EXECUTE provide the user the
facility of entering and executing his programme as well as

faciliatc software debugging.

Results of various operations are displayed on a six digit
seven segment display provided on the top right hand side of

the trainer, The first four digits show the addressed location
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in hexa~deccimal code and the last two display the content of
that location, This dipplay is software managed. Another

six digit,seven segment display provided on the top left

hand side of the ftrainer displays the address and its content
in a similar manner in machine step operation. This display is

hardware managed.,
1.2 CLOCK FREQUENCY

The 8085 4 CPU can operate at a maximum internal clock frequency
of 30125 Milz. The actual operating frequency is dependent upon
the parallel resonant frequency of the quartz crrstal placéd at
its X,I and X2 inputs, which must be twice the intermal frequency
desired. Thus the 8085 L CPU can accomodate a quartz crystal
having a parallel resonant frequency of 6.25 lTHz or less. In
IiTL-291, the external quartz crystal has the parallel resonant
frequency of 4.00 MHz, thereby generating an internal clock
frequency of 2,00 MHz for the CPU 6perationo Practically, this
frequency was measured using a digital frequency counter and

found to be 2,0007 VMiz.
1.5 MEMORY ALLOCATION AND DECODING CIRCUITRY

The 8085ApP can address 64K bytes of memory. Of t%ese; only
16 I bytes have been decoded in the HIL 2961. This gives
approximately 1.8 K bytes of memory space to theuser. TFig.l.2
shows the system address map for various devices ﬁsed in the

trainer. The memory allocation for the RAM, RCM, one 3 /P port
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and one O/P port'is shown in Pig.1.%. liemory locations from
2000 to 277TH serve a dual purpose. This space may either

be utilized for addressing the Input port providéd on the
trainer, or else it may be used for 2K RCM storing the soft-
ware for audio cassette interface, EPROM programming and some
utility programmes. Either of these functions may be selected
by the user by suitable positioning of a jumper provided on the
trainer PCB. The address decodinc circuitry for the 15K memory

space is shown in Fig.1.4.
14 THPUD AND GUTPUY PORTS

The microprocessor trainer provides an eight bit narallel input
port and an eight bit parallel output port. These ports may

be addressed either through in-structions based on I/0 mapped
I/C (i.e. IN Port or OUT port instructions) or those based on
memory mapped I/0 {i.e. ST4 addr or LDA addr andjother memory
reference instructions). Since each of these ports is allocated
2K of memory space in the decoding, these ports méy he addressed

by any of the addresses shown in Table 1.1.

Both the pQrts are available on the 60.pin extension connector
provided on the trainer. Through this connector all the
signals of the 8085A CPU as well as some control signals used
in the 2961 architecture are made available to the user for

any hardware development.
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TABLE 1,1 : ADDRESZES POR POAT SELECTICH

Dalios Port Type of addressing liemory addresses/Port
Nos for selection.

1 I/P port  I/0 mappéd Port 20H to 271
2 wdom Memory mapped 20001 to 27FTFH
3  0O/P port I/0 mapped Port 70 to 37H
2 (0w Memory mapped 300001 to 37iEH

The data on the output port can be read on a set of 8 LiDs
labelled OUTPUT on the display nannel, This data is latched
through 741827%. Tris was very suitable for developing the
IC tester,since a particular input for the IC under test
could be held valid while the output of the IC was being

read into the uP thfough the Input port.

iﬁconﬁrasé, cthe inpué porf'data bus is tristaté bufferéd;
ﬁata can be)@nteréd into the input port by means of fINPUé‘
switches nrovided on the trainer PCB., In order to load the
data on the input port externally, all the switches must

be held in PHI' position, which pulls all the eight Dbits

to logical 1. 1In addition, the Jjumper mentioned in Sec.
1.3 must be appropriately placcd for enabling communication

with the CPU through the input povt.
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TABLE 141 : ADDRESSES PCR PCAT SELECTICH

Salloe Fort Type of addressing lemory addresses/Port
Nos for selection.

1 I/P port  I/0 mappéd Port 20H to 271
2 wC. O Memory mapped 20001 to 27FTFH
3 0O/P port I/0 mapped Port 70 to 37H
X ~d.0w Memory mapped 300011 to 37ifH

The data on the output port can be read on a set of 8 LiDs
labelled OUTPUT on the display mannel. This data is latched
throuvgh 741S273. This was very suiftable for developing the
IC tester,since a particular innmut for the IC under test
could be held valid while the output of the IC was being

read into the mP through the Inpub port.

In contrasu, “he Input port data bus is tris taté Dwffered"
Data can he ontered into the input port by means of ‘INPUT'
switches provided on the trainer PCB3, In order to load the
data on the input port externally, all the switches must

be held in FHI' position, which pulls all the eight bits

to logical 1. In addition; the Jumper mentioned in Sec.
1.3 must be appropriately placed for enabling communication

with the CPU through the input vport.



1-9

1.5 KEYBOARD MANAGEMIENT

. . - .
The keyboard consists of 24 keys. In order to differentiate

between various keys, the keyboard is arranged into an 8 x 3

matrix. This is shown in IMig.1.%. The key scan port behaves
as an output port and the kev read port behaves as an input
port, Through a monitor subroutine called KIND, different

keys are identified uniquely as follows:

1« Data 11111110 is sent +to the 3can port. Thus aI.Ci
is placed on row zerc, other rows remain HIGII.

2. The key read port reads the column information .3ince
all bits are pulled HIGH, the column information will
be XXXXﬂﬂﬂﬂ if no key is pressed.

3. In case a particular key in row zero is pressed;
that particular column will be set LOW. This will
be detected while reading the key read port.

4, If no key is found pressed, the monitor will arrange
to place a zero on row 2,3 & so on and follow the
same procedure. Uhenasparticular key is found
pressed, the uP branches to appropriate location

connected with that Xey.

146 BUS PROMECTION

In order to protect the system from any conflict arising
due to placement of data continuously by the user erronecusly
on the data bus, while the CPU is directed to perform other

operatiors requiring the data bus, the trainer data bus,
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available externally at the cxpansion connector; has been
designed to remain in output mode; normally. The output

buffers are permanently enabled by connecting the D CUY terminal
to Ground: The input buffers are permanently disabled by
c?nneoting D IN terminals to 45V line directiy. In case the
user wants to expand the system, the data bus must be programmed
to be in the desired input or output mode. 'This is achieved

by first disconnecting the permanent connections of D OUT to
Ground and of D IN to +5V and then connecting & logie circuit

shown in Fig.1.>.

iLs mentioned in Section 1.3; only 16X bytes of memory space

hag been decoded imgide the Urainer. It can be seen in Fig.q.4
that A15 and A14 lines ecre always logical ZERC while addressing
any locotion inside the trainer. For this address space, the
Eircﬁit of Fig21£5éﬁéﬁres Shet the data bus is al&ays in-

output mode irrespective of 1D signal. (D OUT is LOW and D IN
is ﬁiéHjI \hen an& iocation from 4000 to.FFFFH is being
‘addressed, either A15 ar A14 or both will always be lozgical

ONE and now the data bus will be in input mode whenever either
RD goes LOW or TFTA goes TOW. Cbtherwise, the data bus will

remain in output mode.
1.7 UNILITY PROGRAMS

Two of the utility programmes viz., DELD and MORIT subroutines
have bheen incorporated in the test programmes developed 'for

IC testing. Assembly language programmes for these subroutines
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were written down from the flow charts provided in the users'

manual of HIL-2961. These programmes are given at lLppendix 'C'.



CHAPTERS-2

GENESIS OF IC TESTING AND
7400 TEST PROGRAMME

2.1 INTRODUCT ION

Integrated circuit technology and its applicatipnshave
brought about revolutionary changes in the design of
circuits and systems. IC chips enable tremendous
reduction in overall‘system size; increase system
reliability and reduce maintenance and repair problems.
Put in a well designed circuit, a good IC gives & long
and trouble free service. Due to the dependence of
correct system behaviour on the correct behaviour of
the IC chip; there is an obvious need for testing an
IC chip before using it in a circuit. An IC chip has
numerous behaviourial aspects., These can be grouped;
very generally, into two categories, viz.; parametric

behaviour and functional behaviour.

Parametric behaviour includes DC characteristics
like threshold voltage, maximum voltage, fan-in, fan-

out; dynamic characteristics like propagagion delays,



transient response; and frequency sensitivity; speci-
fying the frequency range over which the IC can perform
the desired function. Functional behaviour, on the
other hand; describes the output respomnse (logic
function) of the IC chip to the specified combinations

of input signals.

In order to absolutely minimize the risk of circuit
malfunction; all the behavioural characteristics of
IC chips; usedﬁn the circuit, must be tested. An %?
teéter incorporating all the testing provisionﬁgwa;
necessity; be extremely fast and economically viable,
if it is to be of any practical use. Besides, the

design of such a tester is very complex and is

beyond the perview of this dissertation.
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A designer of a digital circuit must have detailed knowledge
of digital electronics and of the capacities and capabilities
of different ICs used in the circuit. A good designer takes
care to ensure that, in so far as possible, the IC does not
operate in a critical zone and that sufficient safety margin
exists. Also; the production process of IC chips incorporates
sufficient safeguards to guarantece very high overall relia-

bility (95-98%).

Most irksome and at times,the most frequently encountered
hazard is the spurious IC chip. Spurious chips are; therew
fore; responéible for major share of overall chip mal-
functions. Such an IC chip cam be easily spotted by func-
tional testing. It can thus be seen that, provided suffi-
cient care has been taken to ensure sufficient margin in
parametric capahilities, an IC chip tested for corréct
functional behaviour, will function correctly in the circuit,

in overwhelming majority of cases.
22 DETECTION OF LOGIC MALFUNCTION

Digital circuits are basically classified into combinational
and sequential circuits. - In combinational circuits; the
circuit outputs depend entirely upon the present set of
input vectors. 1In sequential circuits, the circuit outputs
depend not only upon the present set of input vectors but

also upon the past history of inputs. In either category,
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a logic malfunction may be permanent or time varying. Perma-
nent faults relate to faults caused by a particular line
permanently stuck at zero (s-a-0) or stuck at one (s-a-=1).
Time varying or intermittent faults are caused by very

close tolerances in the chip or due to general deterioration

of components.

This basic differente leads to different approachefor develo-
ping fault detection test sets for combinational and seguen-
tial circuits. Without going into further details, it will
suffice to say that in combinational circuits a minimal test
set may be found by using &nly those input combinations for
which the output function is differcnt for correct and féulty

circuit behaviour( 2 .%, 4).

In development of test sets for sequential circuits; the
emphasis is more on finding a suitable procedure for ensuring
fault detection. Usually&.the first step is to identify

the current state of the circuit or to bring it to a known
state and then apply test inputs in the sequence for which

the output sequence is known.

Needless to say, the IC chips implementing combinational
and sequential circuits will nced accordingly specified

testing procedures.
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2e3% IMPLEMENTATION OF TEST SETS

Having developed the test set for an IC, the problem is
confined to developing means of applying the test inputs and
observing the responses. Manmual procedures are discarded
since the time factor involved would render such a procedure
useless for practical application. Microproéessor, with its
.extremely fast speed of operation, cxtremely low hardware
requirement, flexibility of operation due to software facili-
ties etc. is an automatic choice for most efficient imple-

mentation of test sets.

Microprocessor based IC testers may again be of two typés,
viz.; dedicated testers and universal testers. Dedicated
testers will require different hardware for different ICs

and are;as such;suited for application in places where only
few specific types of ICs are being used. In a laboratory
already having a anicroprocessor based system, it will.be very

easy and inexpensive to design such a tester.

Universal IC tester, as the name suggests, can test diffe-
rent types of IC chips using the same hardware. The prob-
lems encountered in such a design are discussed in chapter 6,
The hardware cost of such a tester will; definitely, be more
than a dedicated IC tester, but with a common hardware;

such a tester is very useful for testing a wide variety of
ICs, e.g., in a store of ICs from where ICs may be distri-

buted to different sections.
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In both the IC testers; a similar testing procedure may be
used, Test progranmmes for testing different ICs are stored
in the non-erasible memory. The IC to be tested is inserted
in the test socket. The programme may be executed direcfly
by the user; after finding out the starting location of the
test programme; or by pressing different keys provided on

the tester in a particular sequence.

Once the test programme begins, the microprocessor conti-
nuously sends different test inputs to the chip and rcads

the chip outputs. These outputs are compared with the desired
response through microprocessor software. . In case thc two

do not tally, the IC is faulty. This may be indicated Dby
switching on a RED IED or sounding a horn or displaying a

fault message.

-

In case the two outputs tally, the microprocessor procceds
to impress subsequent test inputs sequentially till all
are exhausted or a wrong output is obtained, whichever 1is
earlier. In case all outputs tally; the IC is declargd as
good. This may be accomplished by switching ON a GRLEN LED

or by displaying a suitable message.
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244 DEVELOPMENT OF IC TESTER

In this dissertation, a dedicated IC tester has been deve-
loped. This IC tester makes use of the HIL-2961 microproce-
ssor trainer. Initially; various test programmes were
executed through HIL-2961 keyboard. The good status of an
IC is indicated by a GREEN LED and the faulty status of an
IC is indicated by a RED LED accompanied by a horn.
Subséquent developments, including interfacing the ﬁiL-2961

with a CRT terminal, are discussed in later chapters.

Implementing the test programme once and obtaining satis-
factory results; does not, nocessarily, mean abscnce of
intermittent faults which arc time varying. For this pur-
pose, a facility has been provided to implement thc test
programme repeatedly. Generally, the test programme may be
repcated 1000 times or so. However, at present, this faci-
1lity has been restricted to repeatition of the test prog-
ramme ten times. This number can be modified easily by
changing the number loaded in the counter indicating number
of repeat loops desired. Working on the same basis,
reliability testing, using accclerated, destructive test
procedure, can be incorporated. Key 5 oh the HIL-2961
keyboard is programmed as the key for execubing REPIAT
instruction. To exit from the test programme, the user
presses STOP key. Key © on the HIL-29%1 keyboard is

programmed to execute STOP instruction.

¥
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The programme for REPEAT and STOP keys was developed on
the basis of keyboard management technique used by the HIL-
2961 monitor., In addition, the IC tester programme uses

DELB and HORN2 subroutines provided in the HIL-291 monitor.

2.5  QUADRUPLE TWC INPUT NAND GATE IC 7400
7400 chip consists 6f four 2-input NAND gates. Its pin
configuration is given in Appendix ‘'E'., The truth table

- for a two input .NAND gate (Fig.2.1) is given in Table 2.1

for fault free operation.

- A B C
A - 01" 0 0 1
B i/ > !
- 1 1 0
1 0 1

FTIG.2.1 : TWO INPUT TABLE 2.4 : TRUTH TADLE

NAND GATE

2.6 MINIMAL TEST SET DEVELOPMENT FOR IC 7400

The two input NAND gate shown in Fig.2.1 has three lines
(two input lines and one output line). Assuming single
faults leads to a total of six possible faults of the

nature of s—~a~1 or s-a-0.
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Tn order to arrive at a minimal test set, we shall consider
~ each fault separately and determine the test vector which
detects this fault., The minimal combination of all such

test vectors will yield the minimal test set.

Forawparticular fault £ , vector (4,B); is a test vector
iff the circuit yields different 0/Ps for the circuit for
healthy and faulty behaviour.

Therefore, for (A,B)i to be a test vector for fault L ,
&
;@ ¢ =1

& ,
where (:) denotes exclusive - OR, Ci and Ci are O/P values
of healthy and faulty gate respectively, corresponding to

input vector (A,B)i.

TABIE 2.2 Gives the test sets for individual faults.

' L &L
FAULT TEST VECTOR C C c() ¢
A B
A s-a-1 0 1 1 0 1
A s-a-0 1 1 0 1 1
B s-a-1 1 0 1 0 1
B s-a-0 1 1 0 1 1
C s-a~1 1 1 0 g 1
C s-a-0 0 0 1 0 ¢
¢ s-a-0 0 1 1 0 1
¢ s-a-0 1 0 g 0 1

TABLE 2.2 : TEST SETS FOR TWO INPUT NAND GATE
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Complete test set is 01, 11, 10,11,11,00,01,10. The

minimal test set, therefore, is 01,10,11.

01 test faults A s-a-1, C s-a-0O
10 tests faults B s-a-1, C s-a-0
11 tests faults A s-a-0, B s-a-0, C s-a-1

The flow chart implementing this test set in 400 test

programme is given in Fig.2.2.

2.7 KEY DEBOUNCING

Every mechanical key is associated with a clatter whenever
it is pressed or released. This results in intermittent

ON and OFF signal generation for about 5 ms whenever a key
is pressed or released. Typically, thqsignal generated
whenever a particular key is pressed or released, may be

as shown in Fig.2.3. In order to correctly iﬁterpret the
signal from a particular key; special attention must be paid
to this characteristic. 1In this dissertation, a software
debounce programme has been developed and usedfor key ©

and key 5.

Having executed the test programme once, the microprocessor
waits for a REPEAT or STOP instruction. It constantly scans
the keyboard. Whenever it receives a signal indicating

that key 6 or key 5 has been pressed, it waits for 10 ms

to ignore the clatter. It then again scans the keyboard

JRSSSEDREUE
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to see if the key is still pressed and waits till the opera-
tor 1ifts his finger from the key. On receiving the indi-
cation that the key is released, the programme again waits

for 10 ms to ignore the clatter associated with key release.

2.8 PROCGRAMME FOR IC 7400 TEST

The programme for IC 7400 test through HIL-2961 is labelled
as 'TO74' and starts from location OCBOH in the .memory.
Existing ports prévidad in HIL—2961 i.e., port 30 ( O/P
port) and port 20 (/P port) are used for applying test

I/Ps and reading chip - O/Ps. Circuit connections for 7400
test card are shown in Fig.2.4 and the PCB layout is given

in Pig.2.5. The test programme is given below:

NAME OF SUBROUTINE  TO74
INPUTS  NONE

OUTPUTS SIGNALS FOR LED, HORN
CALLS DELB, HORN2

DESTROYS H,L,¥/Fs

DESCRIPTION TO74 CHECKS UP IC 7400 USTNG.
OIL 2961 KEYBOARD

OCBO TO74

OCBO F5 PUSH PSW Save status

oCB1 C5 PUSH B Save BC

0CB2 D5 PUSH D Save DE

OCB% 3EO00 MVI [i,00H 1} Store repeat loop absent

OCB5 32FECF STA RPTLP status
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OCBS8 ST ART

0CBS 3E07 MV I A,07H] Apply test I/Ps(ll)
OCBA D330 ouT 30H ! to NAND gates

oCBC DB20 IN 2011 Read chip O/Ps

CCBE E6OF ‘ ANI OFH Mask unwanted bits
OCCO  C2270D JINZ FLIND If chip O/Ps are not

correct, branch

0CC3  2E06 MV I A,06H | Apply test I/Ps (10},
0CCs D330 ouT 30H 3 to NAND gate

0CC7  DB20 ' IN 20H Read chip O/Ps

occa E60F ANT OFH Mask unwanted bits
OCCB TEOF CPI OFH | If chip O/Ps are not
OCCD  C2270D JINZ FLTND | correct, branch

0OCbO  3E05 MV I A,05H Apply test I/Ps (01) )
OCb2 D330 ouT 30H to NAND gate

oCDh4 DB 20 IN 20H Read chip O/Ps

OCD6é  EGOF ANT OFH Mask unwanted bits
OCD8  FROF CPI OFH 3 If ¢chip O/Ps are not
OCDA C2270D INZ FLTND correct, branch

oCDD  3E80 MV I A,80H | Chip is good. Switch
2T L3O oUT %H on GOOD LED

OCE1 010500 LxI B,0005H| Cause 5 ms delay
OCE4 C¥3004 CALL DELB i :
OCE7 3AFEOF LDA RPTLP | If repeat loop is
OCEA FE15 CpI 15H } present, branéh:
OCEC  CA570D JZ RPTND .

OCEF ALPHA

OCEF 3EEF MVI A, EFH 7 Szt scan port to EFH
OCF1 D328 our 28H

OCF3 DB18 IN 18H R-ad key board I/P
OCFS  E607 ANT 07H , If REPEAT key (key5)
OCF7 FEQS CPI 05H ; is pressed, branch

OCF3  CA390D JZ ALPHA3



CrC
-EC
CFBE
DOO
DO2

DO4
DO6

DOg
DOC

DOF
oF

D11

D13

D15
D17
D319
Di1C

D1F
D21

223
D24
D25
D26
D27

227
D29

D23
D2C

ALPHA]
3EEF
D328
DB18
B607

FEO3
C2EFOC

010A00
CD3004

ALPHA2
3EEF
D328

DB18

E607
FEQ3
CAQOFOD
CD3004

3EQO
D330

D1
Cl
F1
76
FLTND

3E40
D330

C5
D5

MVI
ouT

IN

ANT

. CpPI

LxI
CALL

MVI
our
IN
ANT
CPI
JZ
CALL

MVI
ouT

POP

POP

POP

HIT

MVI
out

PUSH
PUSH

EFH'}
28H |

18H

O07H
QO3H

ALPHA

USSR

B, OOOAH !
DELB :

A, EFH j
28H |
18H
O7H

Q3H
ALPHA2

e

DELB

A,OCH |
30H |
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Elase, set scan port

to EFH

Read keyboard I/P

If STOP ey (key6) is
not pressed, try for

another input

Cause 10 ms delay

Set scan port to EFH

Rsad key boapd input

If OFF xey is pressed,

wait.

BElse, wait f£or 10 ms

Switch OFF LEDS

Restore DE
Restore BC

Rm~store status

Chip is bad. Switch on

'BAD' LED

Save BC
Save DE



0OD2D
OD2F
GD31

OD34
OD35
OD36
OD39
OD39
OD3C
OD3F
OD3F
0OD41
OD43
0D45
OD47
OD49

OD4G

OD4F

0D52
OD54

OD57
0OD57
0D58
OD5A
OD5D

OD61
OD61

oD 2

0620
1630
CD4704
D1

C1

C3FCOC

010A00
CD3004

3BEF
D328
DB18

E607
FEQ5
CA3FCD

CD3004

110A00
3E15
32EFOF
7B
FEOO

CA610D

1B

TA
FEOO

ALPHA3

ALPHA4

RPTND

RPTND1

MVI
MV
CALL
POP
POP
JMP

LxI
CALL

MVI
ouT
IN
ANT
CPI
JZz

CALL

STA
MOV
CPI
Jz

pCX

MOV
CpT

D, 20H
D, 30H
HORN 2
D
B

AILPHA3

B; OOOAH |

DELB

A, EFH ©
28H i
188 |

Q7H
OSH

ALPHA4 |
4

DELB

D, 0AH
A,15H ]
RPTLP 't
AE 3
O OH ,’l

RPTND1

A,D |
OOH

I
3

Sound Horn

Rasstore DE
Rastore BC

Gs back to programme to
get next instruction.

Debounce begins.

Cause 10 ms delay

Get an input from
keyboard

If REPEAT koy is still
pressed, check again

Kevy released. Cause
10 ms delay.Deboiince ends

Set up repeat loop ecounte
St up repeat loop
present status

Is the lower byte of
counter exhausted?
Yeg-Branch

No-Decrement counter
Lower byte of counter

is zero. Is upper byte
also zero?
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0D67
0D68

OD6B
ODéB

OD6eD

oD70

OFFE

CA6BOD
1B
C3B80C

3EOO
32FECF

C3BgoC

RPTND2

PROGRAMME TABLE

RPTLP

Jz

DCX

MVI
STA

JMP

BEQU

Yo -Branch

No-Decr-ment counter
Reprat orogramme

Counter exhausted: Loazd
repeat Loop absent
statux

Repeat programme

Location for repeat
loop status.
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INTERFACING EIL 2961 WITH CRT TERMINAL

INTRODUCTION: NEED FOR A CRT TERMINAL

that
12s been mentioned in Chapter 1 /the visual display in the

-2961 is limited to éix digit, seven segment LEDs. This
>ses a severe handicap on the user efficiency in comnuni-
-ng with the trainer. TFor example, having entered a
sramme, checking for its correctnéss to ensure that the
;ramme has been entered correctly, the user has to examine
1. address .one bj one. Besides being extremely slow and
ous, this method is liable to cause repeated mistakes
:cially when chécking up & long programme. iAgain, while
Bging a programme, the user may insert break points in
programme or execute it instruction by instruction. The
. so obtained Ims to be noted down by the user and since
llts of wvarious instructions are not available directly,

akes very long to spot bugs in the programme.

T terminal is an ideal sdiution to these problemé° Due

he semi-permanent display provided on the CRT screen, a

e amount of data is available to the user. With a suitable
tor, the -user can get the entire programme or large blocks

t on the screen, contents of various registers can be
layed after execution of c¢ach instruction and many such

rammes can be developed to enhance uscr efficiencye.
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Interfacing a CRT terminal is, therefore, the first logical
step in system development after the first stage of communi-

cating directly with the microprocessor through a key board.

Besides, the process of developing the hardware inteface and
software programmes4for the monitor permits the user an inti-
mate interaction with the numerous aspects of microprocessor
functioning,_thereby resulting in better understanding of the

microprocessor's software potential and hardware requisites.,

In the-context of development of IC tester, the CRT terminal

can be used effectively bto simplify the testing procedure. With
varioué messages printed on tre screen in response to programmed
keys, any person can use the IC tester without getting involved

with unnecessary details.

ObviduSly, it is not economically viable to produce an IC tester
with a QRT téfﬁinéi. However,on the basis bf this work a
similar approach can be used to display different messages on

a smaller diéﬁiéy using 7 segment LEDs.

Nevertheless, the IC tester developed is very useful for use
in a laboratory where a CRT terminal may be already available,

thereby not requiring additional investment.
3.2 - INTERACTIVE DISPLAY TERMINAL ADM-34 ( 5 )

In very general sense, CRT terminal is a device which generates

unique ASCII codes in response to different keys being pressed
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on its keyboard, This code is then transmitted serially to.
the interfaced computer. It can also accept data through the
connected computer serially, decode it and display the charac-
ﬁer on the screen. For the purpose of this dissertation, an
'Interactive Display Terminal ADM-3A', markéted by Lear Siegler,

"Inc., was provided by the Computer Centre.

4DM-3A has a 30 cm rectanguler screen which can display 24 lines
each having a maximum of 80 characters. It's keyboard layout
is identical to that of a standard type-writer and has 59 keys.
It can cbmmunicate over a large range of baud rates from 75

to 19200, switch selectable. It permits both RS-232C(67) and
20 mA current loop interface and has many other features des-

cribed in Appendix 'DY.

For interfacing ADMQBA with HIL-2961 following features were
selected,

1. RS-232C interface

2, Full Duplex moce

e 300baud rate

4, 7 bit data word length

5. Bit 8 forced to zero

6. Parity inhibited

7. 2 stop bits

8. AUTO NL mode

9. Upper case alphabetjc characters' option.
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33 DEVELOPMENT OF I TLRFACE

Development of an interface between the CRT terminal and the

microcomputer has the following two main aspects.

1a Hardware interface: It must satisfy the féllowing

requiremcents:

(a) Change TTL level signals from the microcomputer
to RE-23X1level signals for the CRT and vice versa,

(b) Convert parallel deta from the microcomputer into
serial form for transmission to the CRl terminal,
and similarly convert serial data.from the CR
into parallel 8-bit choeracters for ‘the micro~
computer; .and

(c) To attach relevant framing information to each
character received from the microcomputer for
transmission to the CRT terminal and to remove
thié information before transmitting a character

from CRT t:rminal) to the microcomputer.

It may be noted that the haordware interface may be
considerably simplified by using the SID and SCD lines
of the 80854A. The microcomputer can then communicate
serially with the CRT terminal without necessiating

a serial to parallel conversion and vice-versa. In case
of HIL 2961; the SOD line is connected permanently to

a. speaker and,therefore,not available unless this

connection is cut. Another factor against the use of
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the SID and SCD 1lines is the time wasted by the
microcomputer in sending and receiving data serially
on these lines. This implies underutilization of

the microprocessor efficiency.

2. Software interface: The functions outlined in
1(b) and {c) are fulfilled by the 8251, USART,
'Phe 82514 requires a software programme to enable
its function in the desired manner. The software
interface is also required for programming diffe-
rent keys on the CRT terminal keyboard for execu-
ting different commands on the microcomputer
through the CRT terminal.

The hardware interface is akin toathandshake between

two strangers and the soft-ware interface is like a

common language the two must speak for an intelligent

information exchange.
3 TARDWARE INTLERFACE

The hardware interface development consisted of developing

following units:

1. €5V, +12V and 10V power supply.
2. Baud Rate Generator
%+ RS-232C and 8251A USART interface

Tach of these will be discussed in subsequent sections.



5.5 POULR SUPPLY

The power supply is used for providing +5V supply to different

ICs and +12V and -12V supplies are used for differént transis-
interface.

tors used in the R3-232C/ Since the hardware circuitry

is designed to operate correctly at the specified voltéges,

there is an obvious nced for a regulated power supply. Regula-

ted +12V and -10V supplies were obtained using ICs 723 and 741.

The 45V regulated supnly was obtained using IC 7805. The

circuit diagram for the power supply is shown in Fig.3.1 and

the PCB layout is shown in Fig.3.2.
346 BATUD RATE GEIIRATCR

Using the 2MHz clock available at CLE OUT terminal (Pin 37)

of the 80854 CPU (available at Pin 28 of the extersion connec-
tor of HIL 29%11),a variable baud rate generator has been
developed. This can provide switch selectable baud rates of
19200, 9600, 4800; 2400, 1760 and 1200. When used.in conjunc-
tion with the ‘baugtrate factor' facility provided in the

INDEL 82514 USART/tan ehable the user té opcrate the CRT terminal
at different baud rates., In addition, using the 1760 baud

rate anda bapmd rate factor of 16 in the 82514, an interface

for interfacing the NIL 2961 with a tele-typewriter can also

be developed.

IC 74161 is the basic chip used for generating different
band rates. It is a synchronous, prescttable, 4 bit binary

counter. The synchronous feature is useful for high frequency



operation and the pre-settable feature reduces the external
hardware to a bare minimum. Thefpin configuration and other

details of 74161 are given in Appendix 'E'.

5.60.1 Degign Calculations

Original frequency : 2MHz

Frequencies desired : 19200, 9600, 4800, 2400,
1760, 1200

Dividing factors : 4is per table 3.1

PABLE 3.4 : Dividing Factor Calculations

Freqﬁencies Dividing
regquired, factors
19200 13,8
9600 13,16
4800 15,16,2
2400 13,16, 4
1760 14,16,5
1200 13,16,8

- - -

Three ?74161s are used. The first one is uscé

as > 13 or # 14 counter (first state) , the
second one is used as ¢ 2, & 4; -~ 5 or + 8
counter (third stage); the third one is used
as + 9 or 3 16 counter (sccond stage). = 13,

S 14 and = 5 counts are obtained by programming
the counter. A4Appropriate inputs are placed

at terminals 3,4,5 and 6 ,6and the counter begins
counting sequence from states determined by

the particular combination of inputs.
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3¢5 POWER SUPPLY

The power supply is used for providing 45V supply to different
1Cs and +12V and ~-12V supplies are used for diiferént transis-
tors used in the RS-232C/lngggggcgﬁe hardware circuitry

is designed to operate correctly &t the specified voltéges,
there is an obviouws nced for a regulated power supply. Regula-
ted +12V and -10V supplies were obtained using ICs 723 and 741,
The 45V regulated supnly was obtained using IC 7805. The-
circuit diagram for the power supply is shown in Fig.3.1 and

the PCB layout is shown in TFig.3.2.
3.5 BAUD RATE GENMIRATOR

Using the 2MHz clock available at CLEX OUT terminal (Pin 37)

of the 80854 CPU (available at Pin 28 of the extersion connec-
tor of HIL 2961),a'variable baud rate gencrabtor has been
developed. This can provide switch selectable baud rates of
19200, 9600, 4800; 2400, 1760 and 1200. When used.in conjunc-
tion with the 'bau?trate factor' facility provided in the

INTEL 82514 USART/%an chable the user té opcrate the CRT terminal
at different baud rates, In addition, using the 1760 baud

rate anda -band rate factor of 16 in the 82514, an interface

for interfacing the HIL 291 with a tele-typewriter can also

be developed.

IC 74164 is the basic chip used for generating different
baud rates. It is a synchronous, prescttablc, 4 bit binary

counter., The synchronous feature is useful for high frequency
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operation and the pre-settable feature reduces the external
hardware to a bare minimum. Thelpin configuration and other

details of 74161 are given in Appendix 'E'.

3¢Ge1 Degign Calculations

Original frequency : 2Miz

Frequencies desired : 19200, 9600, 4800, 2400,
1760, 1200

Dividing factors : A4s per table 3.1

TABLE 3.1 : Dividing Factor Calculations

Freqﬁencies Dividing

required. factors
19200 13,8
9600 13,16
4800 13,16,2
24.00 13,16,4
1760 14416, 5
1200 13,16,8

Three 74161s are used. The first one is uscé
ags - 13 or & 14 counter (first state) , the
second one is used as &+ 2, & 4; 2 50r + 8
counter (third stage), the third one is used
as + 9 or 3 16 counter (sccond stage). = 13,

2 14 ond = 5 counts are obtained by progranming
the counter. Appropriate inputs are pleaced

at terminals 5,4,5 and 6,6and the counter begins
counting sequence from states determined by

the particular combination of inputs.
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The circuit diagram for the baud rate generator
PCB is shown in Fig.3.%. In order to provide
a buffered output, a 74125 buffer has been used.
The PCB layout is shown in Fig.3.4. In order
to make the baud rate generator an independent
unit; senarate power supply has been provided

for it. The regulated +5V supnly uses a 7805IC.
Operating the Samd Rate Generator

The front panel of the band rate generaztor has
two select switches. Right hand side selector
switch labelled 'MASTER SELECT' selects either
1760 or the group of other baud rates. Yor
individual baud rates, the left select switch
labelled 'RATE SELECT' is then used. The
recommended operating procedure is as under:
1. Before connecting the unit to nower
supply, ensure that both the select
switches are in OFF position and the
power on switch is OFF.
2. Select appropriate switch positions for
the desired bauvd rate.
3. Connect the CLK OUT terminal of 80854
to the terminal marked I/P on the front
pannel, Connect the Ground terminal to

terminal marked GUD.
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4, Connect 230V supply and switch ON
the power ON switch.

5. Switch on the trainer to activate the
2MHz clock.

6. The desired band rate is available at

terminal marked O/P.
547 RS-232C AND 8251A USART INTERFACE ( 8 )

ADM-3A offers two possible interfaces viz.; RS~232C and 20 mA
current loop. In this dissertation RS-232C option was chosen.
R8-232C uses negative true logic for its operation.-15V to -5V
is recognised as logic 1 and +5V to +15V is recognised as logic
O level, TTL levels used by HIL 2964; on the other hand, use
positive true logic, recognising 2.4 V to 5.25V as logic 1

and O V to .8V as logic © ( 9 ).

'RS 232C and 8251A USART interface' is the unit which performs
the functions of a hardware interface outlined in section 3.3.
Power supply and the baud rate generator are used as supporting
units to make this unit functional, The circuit diagram of this
interface is shown in Fig.3.5 and the PCB layout is given in

Fig.3.6.

The ADM-3A terminal operates in asynchronous format, the 82514
can operate both in the synchronous and the asynchronous format.
In order to understand the microcomputer to CRT terminal inter-
face, it is necessary to understaﬁd the techniques of serial
data transmission. Appendix 'F' provides a brief description of
comnunication formats with special emphasis on asynchronous

format.
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INTEL 8251A USART

INTEL's 8251A 'Universal Synchronous .synchronous
Receiver Transmitter' is an IC chip that facili-
tates data transfer between a parallel and serial
device. The functionsof a USART are as follows:

1. Receive parallel data from the microproce-
ssor; convert it into serial form and
encode it as vper the reguired format.

2. Transmit this data to the I/0 device.

3. Receive serial data from the I/0 device;
decode it; convert it into parallel data
and send it to the microprocessor.

4. Generate appropriate control signals to
inform the microprocessor that it is
ready to receive a word from it or that
it alréady has a word yet to be transmitted
to thel/0 device, to inform the microproce-
ssor that it has a data word for it from
the I/0 device. It also checks the data
word for correct format and raises appro-
priate signals for correctness/fault.

The detailed description of 8251A is given in
Appendix 'G'. The operation of the 8251A in
the interface developed is as under. Pins DO“

D7 (Pin Nos 27,28,1,2,5,6,7,8) are connccted to

the microprocessor data bus. TXD (pin 19) is



used for either loading the mode and control
instruction, or for reading the 8tatus

Register, The RTS (Pin 23) and the 6§§ (Pin 17)
terminals are shorted together to cnable data
transmission. Other pins of the 8251Avare

not uscd.

Opce ali external connections are made with

the interface unit, and the power is switched

ON on all supporting units, the intcrfaée becames
functional, However, before the interface can
commence operationy the 82514 must be progra-
mmed. This willbe discussed in the software

development described in Chapter &4,
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INTEL 8251A USAR

INTEL's 8251A 'Universal Synchronous .synchronous
Receiver Transmitter' is an IC chip that facilie-
tates data transfer between a parallel and serial
device. The functionsof a USART are as follows:

1. Receive parallel data from the microproce-
ssor; convert it into serial form and
encode it as per the reguired format.

2. Transmit this data to the I/0 device.

3. Receive serial data from the I/0 device;
decode it; convert it into parallel data
and send it to the microprocessor.

4. Generate appropriate control signals to
inform the microprocessor that it is
ready to receive a word from it or that
it alréady has a word yet to be transmitted
to theI/O device, to inform the microproce-
ssor that it has a data word for it from
the I/0 device. It also checks the data
word for correct format and raises appro-
priate signals for correctness/faultl.

The detailed description of 8251A is given in
Appendix 'G'. The operation of the 82514 in
the interface developed is as under. Pins DO—

D7 (Pin Nos 27,28,1,2,5,6,7,8) are connccted to

the microprocessor data bus. TXD (pin 19) is
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connected to 'Reccive Data' pin (pin 3)

of ADM-3A, DRXD (pin 3) is connected to
"Transmit Data' pin (pin 2) of the ADM-~3A.
Conncctions from 8251A to ADM-3A carry the
necessary circuitry for changing the voltage
levels appropriately to TTL level or
RS-232C., TXC (Pin 9) and RXC(Pin 25) are
shorted and connected to the output of the
band rate generator. CILK (Pin 20) is
connected to CLK OUT terminal of 8085A
which is of ZMHz'fre‘quency° ﬁ%, Qﬁ; Voo
and GND are appropriately connected. RESET
(Pin 21) is connected to thevﬁﬁéiimzﬁ
terminal of 8085A through an inverter.

In the present design, the 8251A can be
addressed by any port number between EO to
FF. Accordingly, the CS (Pin 11) terminal
is connected to the output of a four input
NAND gate having 8085 signals A7, hgy AS

and IO/M as its inputs. The other select
terminal C/ﬁ.(Pin 12) is connectcd directly
to address 1iné Aq of the microprocessor.

In this dissertation, the 382514 is addressed
either as EO or BE1. Addressing it as port
EO enables data Lransfer betwecn USART and

the microprocessor, while the T1 address is



uscd for either loading the mode and control
instruction, or for recading the 8tatus

Register. The RIS (Pin 23) and the CTS (Pin 17)
terminals are shorted together to cnable data
transmission. Other pins of the 8251A are

not uscd.

Ogce ali external connections are made with

the interface unit, and the power is switched

ON on all supporting units, the interfaée becames
functional., However, before the interface can
commence operationy the 82514 must be progra-
mmed. This willbe discussed in the software

development described in Chapter 4.
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MONITOR FOR THE CRT TERMINAL (410)

41 INTRODUCTION

As discussed in Section 3.3, a software interface is necessary
for integelligent interchange of information between the
microprocessor and the CRT terminal. This software performs

two distinct functions:

1. Progrémping the 8251A : PFor proper working, the
USART must be programmed correctly before commencing
data transfer. This involves loading the appropriate
Tnode word. and control word into the 8251A control

register.

2. Programming ADM-3A keys for specific tasks: This
involves developing programmes for identifying diffe-

rent keys and executing commands represcnted by them.

Accordingly, different programmes have been developed. All
these programmes together constitute the monitor for the IC
tester. Different programmes in the monitor developed in this
dissertation shall be discussed in subsequent sections. The

, complete monitor listing is available at the end of this

Chapter.,



4,2 SIGN ON MESSAGE PROGRAMME

Once the hardware interface has been activated, the execution
of this programme results in the initial sign on message,

'I{. TESTER M8 READY' to be displayed on the ADM~-3A screen.

The Control word used ig CEH, i.e.; (11001110)5. This implies
that the data communication is in asynchronous format; Charac~
ter length is 8 bits; 2STOP bits will be added to each charac-
ter, parity is not being used and the baud rate factor is
1/16, Since the ADM-3A baud rate has been selected as 300,
therefore the baud rate generator ouﬁput, connected to TxC

& RxC terminals of 8254A; must be selected as 4800 band. The
mod§ word used is (27)H. This implies that RTS will be held
LOW, Receive and Transmit functions are - enabled and the

DTR (Data Terminal Ready) signal is cnabled. Since RTS is
connected directly to 65§, CTS will also be forced LOJ and
this will enable data transmission. This programme labelled
'SIGNON' resides in memory location OB800H to O813H in the

monitor.
4.3 GET COMMAND PROGRAMME

After displaying the initial sign - on message, the monitor
requests the user for a command by displaying a prompt
character "." This involves polled data transfer. The
status register of the 8251\ is rcpcatedly checked to see if
any character has been received by the receiver, i.e.; to

check if a key has been pressed on the key board. Once a key
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is pressed on the key board, the programme compares the code
generated against the list of valid commands for the monitor.

In case the code signifies one of the valid commands, the control
is passed to the conce'rned programme for-further execution.
Otherwise, an asterik (*) signifying erroneous command 1is
displayed on the terminal screen and the monitor once again
waits for a walid commandfrom the user., This programme is
labelled 'GETCMD' and resides in memory locations O816H to

O832DH in the monitor.

4.4 FUNCTIONAL COMMANDS

The programmes discussed in Section 4.2 and 4.3 are automa-
tically executed when the control is transfered to the ADM-3A
keyboard from the HIL 2961 kcyboard by executing the programme
from O800H. After the control is transfered to the ADM--3A
keyboard, the HIL 2961 can regain the control at any time by
pressing the RESET key on HIL-2961 keyboard.’

Three functional commands have been provided in the IC tester
monitor

1. TRY command

2. LIST command

De EXECUTE command

Function of these commands shall be explained individually
later in this chapter. The monitor has been so programmed

that each command must be terminated by a CARRIAGE RETURN.

77160
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Any other character used for terminating the command shall’
make the command invalid. This gives the user the option
of abondoning a command at any stage before the RETURN key

is pressed.
4e5 TRY COMMAND

This command is represented by key T on the ADM-3A key boafd.
On pressing T, the monitor responds by displaying ICNO:'.

The user should now type the number of the IC. The numbers
will be displayed on scrcen. The monitor recognisé;four hexa-
decimal digits as valid number of digits. If less than four
digits have bcen typed; the monito€ will wait for the remaining
digits and initiate no other action. If more than four digits
are typed; the monitor will cause the¢ crror character to be
displayed and revert to GET CMD programme, The monitor recog-
‘niscs T command as a valid command only for the 74 series

of TTL. Typing any other number in the first two digits

- results in error characfer display. Every time an error
character is displayed;the monitor Jjumps to the GET CMD

programme,abondoning whdachever command it was receiving.
With small changes, T command can be used for other IC series also.

Once all the four digits have been typed, the command must
be terminated by the RETURN key. In case the IC tester
has a software programme for testing the IC mentioned, it
gsends thefollowing message:

AVATLABLE

LOCATION
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The memory location,at which the programme for testing the IC

in question begins, shall be displayed in front of LOCATION:

In case the IC tester does not have a software programme for

testing the IC, following message will be displayed:
NOT AVAILABLE

In both the cases, after displaying the message, the monitor
shall revert to the GET CMD programmc. The TRY command
programme is labelled as TRY and resides in memory locations

O88AH to 089AH in the monitor.
4.6 LIST COMMAND

This command is rcpresented by key L on the ADM-3A key.
Like other commands, this command also must be terminated Dby

RETURN. The complete command is as follows :
L RET

This causes the monitor to list alﬂthe ICs for which a
diagnostic programme is available, List command is labelled
LIST and resides in memory location O0947H to 095DH in the

monitor.
4,7 EXECUTE (GO) COMMAND

This command is represcnted by key G on the ADM-3A key board.
A valid GO command consists of typing G followed by four valid
hexa-~decimal digits and tcrminated by the RETURN keye.
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In case morc than four hexa decimal digits arc typed; the
monitor rccognises only the last four digits as thc starting
address of the programme to be exccuted. Once a valid command
is received, the address typed in bythe user is loaded in the
programme counter of the uP and control is transferced to the
programmec. After execution of the programme, the control is
transfered back to the monitor which goes back to the 'GETCMD!
programme. The programme for EXECUTE command is laebelled as
GCMD and it resides in memory location O95EH to 097CH in the

monitor.
4.8 SUB-ROUTINES FOR PRCGRAMMES

Many sub-routines like CI, CO, ERROR, GETHX etc. are frequently
called by various programmes 1istod:ﬂ1previous scetions. These
programmes can fe understood by studying the comment field

provided alongwith'the programme in the monitor listing.
4,9 MONITOR LISTING

Complete monitor listing is given in Table 4.1. First column
gives the first memory location in hexa-decimal code for the
corresponding instruction, the second one gives the content(s)

of memory location (s).for the inspruction in hexa-decimal,

the third column carrics thc label accorded to the instruction;

if any, fourth column specifies the mnemonic for the instructions.
Operands taking part in the instruction are spccified in the

fifth column and the sixth column represents the comment field.

A brief description of the programme is given at the beginning

of each programme.



X800

1800
802

804
806

308
808

80B

80D
80D
801y

811’

812

813

TABLE 4.1

4

: MONITOR LISTING

SIGNON
NAME

INPUTS
OUTPUTS

CALLS

DESTROYS

FROGRAMME
SIGNON

NCNE
SIGN ON MESSAGE 'I.C. TESTER B8 READY!
DISPLAY ON SCREEN

O

A,B,C,E,L,F/Fs

DESCRIPTION SIGN ON message is displayed on

SIGNON
3ECE MVI
D3EA ouT
3E27 MVI
D3E1 outT
SIGN1
21000F XTI
0614 MVI
SIGNOS
4% MOV
CDho4-08 CALL
23 INX
05 DCR
C20D08 JNZ

screen. The USART is assumed to

come up in RESET position (This will
be taken care of by the hardware),
Once the USART has been initaalisted,
subsequent entry for printing the
SIGN ON message and for transfer
.control to ADM-3A from HIL 291
keyboard must be made at location
0808H.

A, MODE Output mode word to

CNTL USART control port.
A,CMD Output command word to
CNTL USART Control port.

Restart point

H,MSG Load memory pointer with
address of SIGN ON message

B, LMSG Load number of character
in SIGN ON message in B

C,M Get the charvacter in C.
co ' Output character to screen
H Move memory pointer

to next character

‘B Reduce number of characters
to be output by 1.

SIGNOS Repeat if all characters
not displayed.



0816
0816
0818

0818
0831E
28241
2822

3825
2828
828
2829

)82¢

4.8

GET COMMANE' PROGRAMME

NAME
INPUTS
OUTPUTS

CALLS

GETCMD
NONE
PROMPT CHARACTER'S DISPLAYED ON SCREEN

ECHO, CI, ERROR

DESTROYS A,B,C,H,L,F/Fs
DESCRIPTION GETCMD PLACES A PROMPT CHARACTER

ON THE SCREEN AND WAITS TO RECEIVE
AN INPUT CHARACTER FROM THE USER.
IT THEN ATTEMPTS TO LOCATE THIS
CHARACTER IN ITS COMMAND CHARACTER
TABLE. IF SUCCESSFUL. THE. ROUTINE
CORRESPONDING TO THIS CHAKACTER

IS SELECTED FRCM A TABLE OF
FUNCTICNAL COMMAND ADDRESSES, AND
CONTROL IS TRANSFERRED TC THIS
ROUTINE. OTHERWISE, CONTROL IS
TRANSFERED TO ERROR ROUTINE

GETCMD MVI
OE2E MVI
CD3EQ08 CALL
CD5708 CALL
CD3EO8 CALL
79 MOV
010300 IxI
2114 0F IxI

GETOS5

BE CMP
CA3408 JZ
23 INX

c, '.! Send prompt character to C

ECHO Send prompt character to
display

CI Get character from uger

ECHO Display it on the screen

A,C Get character to A

B,NCMDS Load BC pair with number
of valid functional counmandsg

H,CTAB Load memory pointer with
address of valid comnmands'
table

M Compare table entry and
character

GET10 Branch if equal-~command
recogpized

H Else, increment table

pointer.



82D

Y825
831

834
B34

oD DCR
22808 JNZ
C36F08 JMP
GET10
21170F IxI
09 DAD
09 DAD
7E MOV
23 INX
66 MOV
6F MOV
£SO PCHL

4-9

C Decrement number of commands to
be compared.

GETO5 Branch if not at tahle end

ERROR FElese, command character is
TIllegal.

H,CADDR Valid command, load address of
table of functional command
addresses.

B Add what is left of number of
valid commands

B 444 again each entry in CADDR
is 2 bytes long

A,M Get lower byte of address of
table entry to A,

H - Point to next byte in table

H,M Get upper byte address in H

L, A Move lower byte address to L

Transfer control to functionmal
command programme

NEME OF SUBROUTINE BCHO
INPUTS C- CHARACTER TO ECHO TC TERMINAL
OUTPUT C~ CHARACTER ECHOED TO TERMINAL

CALLS CO

DESTROYS A,B,F/Fs

DESCRIPTICON

CHARACTER CCNTAINED IN C IS DISPLAYED ON
TERMINAL. A CARRTAGE RETURN IS ECHOED AS A
CARRIAGE RETURN LINE FEED, AND AN ESCAPE
CUARACTER IS HCIIOED AS §.



0821
085k

0851
o841

0842
0845
0847
0847

O84-A
084C

084D

0850
0852

0855

0855
0856

0857

ECHO
13

2E1B
B8

Cc24708
OE24

ECHOOS

Che408

580D
B8

Ca5508

OEQA
CD6408

ECHO10
48

MOV B,C
MVI ESC
CMP B J
JNZ ECHO05
MVI C,b
CALL - CO
MVI CR 1
CMP B i

JNZ  ECHO10

MVI  C,LF ]
CALL  CO

MOV C,B
T

NAME OF SUBROUTINE  CT

INPUTS |
OUTPUTS -
CALLS

DESTROYS

NOI'E

4eq0

Save argument’

BSee if Kchoing an
Bscape character

No~-Branch

Yes, Echo as §

Output through Monitor

See if character echoed
was a CARRIAGE RETURM

No-No need for snecial action

Yes - Echo line feed also

Restore argument

A AMD C - CITARACTI R FROM CONSOLE

NOTHING
A,C,F/Fs

DESCRIPTION CI WAITS UNTIL A CHARACTER TAS BEEN
EMTERED AT THiZ CONSOLE. IT MVMEN RETURNS

CI

CA5708

THE CHARACTHR

N CINTT,
ANT 021

Jz CI

INM A AND C REGTSTERS.

Get USART status

Check for receiver buffer
ready

Mot yet - Wait



085E
G860

0862
0863%

o864
0864
0866
0868
0868
086C
086E

1.eq

DBEO IN DATA Yes - Get charecter to A
BO7F ANT PRTYO Turn off party bit, if set
by console
4F MOV  C,A Put vale in C
Cc9 RET
NAME OF SUBROUTINE cO
INPUTsS C~ CHARACTER TO CONSOLE
OUTPUTS C~ CHARACTER CUTPUT TO CCNSOLE
CALLS NOTHING .
DESTROYS A,F/Fs
DESCRIPTION CO WATTS UNTIL THE CONSOLEIS READY
TO ACCEPT A CIIARACTER AND THEN SENDS
INPUT ARGUMENT TO CONSOLE
610]
DBE1 IN CNTL 4 Get USART status
601 ANT 01H See if transmitter ready
CAG408 J& CcO Yo - Wait
79 MOV  A,C Yes - Move character to A
D350 OUT  DATA Send to console
0°] RET

NANE OF SUBRCUTINE ERROR
INPUTS  NONE

OUTPUTS ERROR CIIARACTER TO CONSOLE
CAILS ECHO, CROUT, GETCMD

DESTROYS A,B,C,¥/Fs

DESCRIPTION PRINTS ERROR CHARACTIR (ASTERIX) ONM THE
SCREEN, TFOLLOWED BY A CARRIAGE RETURN,
LINE FiED AND THEN RETURNS CONTRCL TO
GETCMD.



O8B6F

o86T
0871

0874

0877

087A
0874
087¢C
087F

OE2A
CD3EO8

CD74A08

C31608

OEOD
CD3E08
Cc9o

L2

ERROR

MVI C,* "Send * to console
CALL ECHO '

CALL CROUT Send line feed, carriage
return to console

JMP GETCIMD Try again for another command

NAME OF SUBROUTINE CROUT
INPUTS  NONWE

OUTPUTS  NOINE

CALLS ECHO

DESTROYS 4,B,C,F/Fs

DESCRIPTICN CROUT SENDS A CARRIAGE RETURN (AND HENCE
A LIVE FEED) TO THE CONSOLE.

CROUT
MVI c,CR Load CARRTAGE RETURN code in C
CALL ECHO Output to console
RET

NAME OF SUBROUTINE MSGOUT
INPUTS B, H,L

OUTPUTS CTHARACTERS TO CONSOLE
CAILS  CO

BESTROYS A,C,T/Fs

DESCRIPTION MSGOUT PRINTS INPUT MESSAGE ON SCREEN.
THE ADDRESS OF THL FIRST CHARACTER OF
MESSAGE IS CONTAINED IN HL PAIR, AND
THE TUMBER OF CHARACTERS IN THI IMiSSAGE
IS CCNTAINED IN B.



0880
0880
0881
0884
0885

0886

0889

- 088A
088A

088D
088F
0892
0895

0898

413

MSGOUT
4E MOV C,M Get character to C
CD6408 CALL CO Output to console
23 INX H Point to next character
05 BCR B Decrement number of character:
still to be printed
28008 INZ MSGOUT  If all characters not prin-
ted - repeat
Cc9 RET Complete message printed.
Therefore return to main
programme.
NAME OF SUBROUTINE TRY
INPUTS FOUR DIGITS FROM CONSCLE
OUTPUTS MESSAGE Of SCREEN
CALLS MSGOUT, SRCH, GETCMD
DESTROYS A,B,C,B,H,L,F/Fs
DESCRIPTION TRY CHECYZS UP I THE DIAGOMNSTIC
PROGRAIMME, FOR T IC USER WANMDS TO
TEST, IS AVATLABLE OR NOT. IIN CASE
THE PROGRAMME IS AVAILARLE, THE
AVATLABIFTITY IS CCNFIRMED AND THE
STARTING ADDRESS FOR THAT PROGRAMNE
IS PRINTED ON THE SCREEN OTHERWISE
'NOT AVAILABLE' MESSAGE IS PRINTED.
TRY
211TFOF IxI  H,TRYMSG TLoad memory pointer with
first address of TRYMSG
0609 MVI B,LTRMSG Load the number of charac-
ters.in TRYMSG IN B
ch8008 CALL MSGOUT Send, message to screen
CD9BO8 CALL SRCH Get inputs from console and
check availablity of prog-
ramme .
cD8008 CALL MSGOUT Send result of SRCH to
console
C31608 JMP GETCMD Try for next command
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NAME OF SUBROUTINE SRCH

INPUTS  FOUR DIGITS FROM CONSOLE
OUTPUTS B,H,L »

CALLS  CI, ECHO, ERROR, INPUT, VALDL
DESTROYS A,B,C,H,L,F/Fs

DESCRIPTION SRCH RECEIVES FOUR DIGITS FROM CONSOLE,
CHECKS TIF THE PROGRAMME IS AVATLABLE
FOR THE IC THESE MNUMBERS REPRESENT.
THE FIRST ADDRESS OF THE APPROPRIATE
MESSAGE IS LOADED IN HL PATR. THE NUMBER
OF CH/ARACTERS IN THEMESSAGE IS LOADED IN
B AD THE PROGRAMME RETURNS BACK TO MAIN
PROGRAMIME. ANY NUMBER OIHER THAN 74 /CAUSE
PROGRAMME TO JUMP TO ERROR ROUTINE.

0893 SRCH JIN FIRST 1O DIGITS

0898 (CDb5708 CALL CI Get charactetr from console

08%LE CD3EQ8 CALL ECHO  Echo it on the screen

0841 79 MOV A,C Move character to A

08A2 FE37 CPI v Is it 77

08A4 C26F08 JUZ ERROCR No - Tllegal command

O8A7 CD5708 CAIL CT Yes - Get next character

O8AA CD3EOS8 CALL ECHO Echo it on the screen

8§ﬁg 79 MOV eA}c ] Isit 42

FEZ4 . CPI L

08B0 C26F08 INZ ERROR No - Tllegal command

08B3 CDFFO8 CALL INPUT Get next character,a walid
digit

82%? 8; g%g ﬁ f Move digit to most )

08B8 O RLC A gignificant four bits in A

0889 07 RLC A N

O8BA 5A MOV | E,A Store digit in E

O8BB CDFFO8 CALL INPUT Get next digit

O8BE 83 | ADD E Place digit in last four

bits of A.



O8B¥F
08CO
08CB
08C6
08C9Y

08CC
08CD
O8CF
0g8h2

08D5

08D7
08D8
08D8
08DA
08DD

08EQ

O8E2
O8E3
0813
08ES
08E8

O8EB

O8ED
O8EE

SRCH15

57 MOV
CD5708 CALL
CD3EO08 CALL
CD3E09 CALL
D26T08 JNC
2B MOV
FEOO CPT
C2D808 INZ
21280F IxT
0617 MVI
co RED
SRCHOS
FE76 CPI
C2E%08 INZ
24 3FOF IxT
0617 MVT
c9 RET
SRCH10
TEQO CPI
COEEOS JNZ
21560F IxT
0617 MVT
co RET

E,A
CI
TiCHO
VALDL
ERRCR

‘A,E
7400
SRCHOS
H, 7400MG

B, L7400M

476
SRCH10
1, 7476 MG

B, L7476M

7490
SRCH15
1, 7490MG

B, L7490M

415

Resbore result in E

Get delimiter

Echo it on the screen

Check for correct delimiter

Wrong delimiter - Illegal
command

Get digits inputted to A
Was the IC specified 74007
No-Branch

Yes-Load memory pointer with
the first address of 400 MG.

Load B with number of charace
ter in 7400MG

Was the IC specified 74767
No-Branch

Yes - Load memory pointer with
the first address of 7476MGa

Load B with number of characters
in 7476MG

Was the IC specified 74907
No-Branch

Yes-Load memory pointer with the
first address of 7490MG

Load B with number of charace
ters in 7490MG



O8EE
08F0
08F3

O8F6

J8F8
)89
)BF9

)8FC

BFE

8FF
B8FF
902
905
908
208
J0E

FE93 | CPI
C2F908 INZ
216DOF LxI
0617 MVT
c9 RiET
SRCH20
2184.0F IxI
0611 MVI
c9 RET
DESTROYS A,B,
INPUT
Cb5708 CALL
CD3E08 CALL
CD1009 CALL
D2EFO8 JNC
CD3509 CALL
co RET

NAME OF SUBROUTINE  INPUT

7493

416

Was the IC specified 74937

SRCHZO No~Branch

H,7495MG Yes-Load memory pointer with

the first address of
7493MG

B,L7493M Load B with the number of

R, .NTAVMG

B, LUTAVHM

characters in 7493MG

Search failed. Load memory
pointer with the rfirst
address of NTAVMG

Load B with number of
charactersin NTAVMG

INPUTS  CHARACTER FROM CONSOLE
OUTPUTS C- CHARACTER FROM CONSOLE
CALIS  CI, ECHO, VALDG, ERROR, CNVBN

C,F/Fs

DESCRIPTION INPUT GETS A CHARACTER FROM COMSOLE.
IF IT ISA VALID DIGIT, THE PROGRAMME
CONVERTS IT TO BINARY AND RETURNS,
OTHERWISE CONTROL IS TRANSFERED TO

ERROR.

CI
ECHO
VALDG
ERROR
Cpse

Input character from console
Echo it on screen

See if valid digit

No - TIllegal command

Yes - convert to binary



0910

0910
0911

0913

0916
0918
0918
091E
0920

0923
0925

0928

0930
0930
0931

79
FE30

FA3209

FEZ9
FA3009
CA3009
FE44
FA3209

FE47
F23209

C33009

57
C9

NAME OF SUBROUTINE

INPUTS
OUTPUTS
CALLS
DESTROYS

C

NONE
NOTHING
AF/Fs

416 A

VALDG

DESCRIPTION VALDG CHE&CKS IF THE CHARACTER IN

C I8 A VALID HEXA-DIGIT. FOR £.VALID
HEXA-DIGIT THE CONTRCL IS TRANSFERED
TO SRET AND FOR INVALID HEXA-DIGIT TO

VALDG

MOV
CPI

JM

CPI
JM
Jdz
CPT
JM

CPI
JP

JMP

FRET .

A0

FRET

19t
SRET
SRET
At

TFRET

.G‘
FRET ]
SRET

Test character against 'O

Tf ASCII code is less, it cannot
be a.valid diyik. Branch

Else see if in range 0-9

Code between O &nd 9

Code equals 9

Mot a digit - Try for a Getter

No - code between 9 and A

No - code greater than T

0.K. - code is A to F,inclusive

NAME OF SUBROUT'INE SRET

SRET SETS CARRY AND RETURIS

Set carry TRUE

TNPUTS NONE
OUTPUT CARRY TLAG
CALLS NOTIIING
DESTROYS CARRY
DESCRIPTION

SRET
STC
RET
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NAME OF SUBROUTINE FRET

INPUTS  NONE

OUTPUTS CARRY TLAG

CALLS NOTHING

DESTROYS CARRY

DESCRIPTION TFRET RESLETS CARRY AND RETURNS

0922 FRET

0932 37 STC Set carry TRUE
0933 3F CMC Set if FALSE
0934 €9 RET |

NAME OF SUBROUTINE CNVBN

INPUTS  C- Digit in ASCII CODE

OUTPUTS A - NUMBER IN BINARY

CALLS  NOTHING

DESTROYS A,F/Fs ¢

DESCRIPTION CNVBN CONVERTS THE ASCII CODE IN/TO
BINARY. IT DOES NOT CIECK FOR CORRECTNESS
OF ASCII INPUT.

0935 CNVBN

0935 79 MOV AC Subtract code for '0Q' from

09%6 D630 SUT ZERO J argument

0938 TEOA CPI . t10! Want to test for result of
O to 9.

0934 F8 RM If so, Return

093B D607 sSUI A Else, return after subtrac-

ting a bias of 7.
093D ¢C9 RET



093E

093E
O93F

0941

Ok

0947
0947
0944
Q94D
0950
0953

0956

0958
095

VAILDL
ggon
CA3009
C33209

LIST
CD5708
CD3E08
CD3EQ9
D26F08
24
EROSOF

0657

CD8008
31608

4.-18

NAME OF SUBROUTINE  VALDL

INPUTS  C- CHARACTER FROM CONSOLE
OUTPUTS - NONE

CALLS  ¥CUIING

DESTROYS A,F/Fs

DESCRIPTION VALDE CHECKS DELIMITER. IF IT IS
CARRIAGE RETURN, V.ALDL TRAISFERS
CONTROL TO SRET, OTHERWISE CONTROL
IS TRAVSFERED TO FRET

MOV A,C 7 Check for CARRIAGE RETURN
CPI CR .

JZ SRET Found
JMP FRETD Mot found

NAME OF SUBROUTINE  LIST

INPUTS  NONE

OUTPUTS MESSAGE ON SCREEN 4
CALLS  CI, ECHO, VALDL, NSGCUT,
DESTROYS A,B,C,F/Fs

DESCRIPTION IN RESPONSE TO A VALID LIST COMMAND
LIST DISPLAYS THE LIST OF ALL ICS
FOR WHICH PROGRAMMES ARE AVAILABLE
AWD TRANSFERS CONTROL TO GET CMD

CALL CI Get input from console

CALL ECHO Echo to terminal

CALL VALDL  Check for correct De-~limiter

JNC ERROR Not found -~ Illegal command

IxT H;LSTMG Found -I.ocad memory pointer
with the first address of LSTMG

MVI B;LISTM Load number of characters in
LSTMG in B

CALL MSGOUT Display message on screen

JMP GETCMD Try for aubther command



095E
095E

0961
0%4

0965
09%67

096A

096D
096E
O96F

0970
0973

0973
0974

0976

0979
0979

097C

4-19

NAME OF SUBROUTINE  GCMD

INPUTS

FOUR HEXA-DIGITS FROM CONSOLE

OUTPUTS NONE

CALILS

GETEX, ERROR

DESTROYS A,B,C,D,E,H,L,F/Fs

DESCRIPTION GCMD RECEIVES THE STARTING ADDRESS

GCMD
CD7D09 CALL
D27809 JNC
7A MOV
FEOD CPI
C26F08 JNZ
21DEOF IxI
al MOV
23 INX
20 MOV
C37909 JMP
GCMO5
750D CP1
C26F08 JNZ
GCM1Q
2ADEOF LHLD
£9 PCHL

OF PROGRAIME TO BE EXECUTLED FROM
CONSOLE. . IT LOsDS THE ADDRESS ON
PROGRAMME COUNTER AND THE COMTROL
IS TRANSTFERED TO THE PROGRAMME TC BE
EXECUTED., IF THE COMMAND IS TERMI-
WATED BY CARRIAGE RETURIY/, GCMD WILL
LOAD WHATEVER IS THE CONTENT OF
MEMORY LOCATION OFDEH ANI OFDFH IN
PROGRAMME COUNTER

JWITHOUT SPECIFYING ANY DIGITS

GETHX Get starting address from
console

GCMOS Mo address specified~Branch
A,D Get De-limiter

CR If de-limiter not correct-
ERROR Illegal command

H,PADDR Load programme's starting
address in HL

M,C Lower address byte in memory

H Point to next location

M,B Store higher address byte in
memory

GCM10 Branch

AyD ] No address specified. Check

CR for correct delimiter.

ERROR Wrong delimiter ~ Illegal
command

OFDEH Get the starting address in HL

Load it in programme counter



097D.

097D
097E
0981

0%83%
0983
0986
0989
0o8C
OO8F

0990
099

E5
210000
1E00

CD5708
CD3E08
CD3E09
D29B09
51

E5
C1

420

NAME OF SUBROUTINE GETHX
INPUTS JARACTERS FROM CONSOLE
ONTPUTS BC - 16BIT INTLEGER, D-DELIMITER
CARRY -~ 1 IF FIRST CHARACTER WAS MOT DELIMITER
- O IF FIRST CHARACTER WAS DELIFITER

CALLS  CI, ECHO, VALDL, VALDG, CNVBN . aER
ERROR

DESTROYS A,B,C,D,E,F/Fs

DESCRIPTION GETHX ACCEPTS A STRING (OF CHARACTLERS
FROM INPUT STREAM AND RETURNS THEIR
VALUE AS A 16BIT BINARY INTEGER. IF
MORE THAN 4 HEX DIGITS ARE ENTERED,
ONLY THE LAST FOUR ARY USED. TIE NUMBER
TERMIMATES WHEN A VALID DELIMITER IS
ENCOUNTERLEZD, THE DELIMITER IS ALSO
RETURNED AS AN OUTPUT. ILLEGAL CHARACTERS
(NOT HEX DIGITS OR DELIMITERS) CAUSE
A, ERROR INDICATION, IF THS FIRST (VALID)
CHARACTER ENCOUNTERED IN TIIE INPUT
STREAM IS NOTA DELIMITER, CARRY BIT
WILL B& SET TO 1. OTHWRWISE, CARRY
BIT IS SET TO ZERO AND THE CONTENTS OF
BC ARE UNDEFINED.

GETHX
PUSH H Save HL
IxT H,O Initialize result
MVI £E,0 - Initialize digit flag to
false
GTHXO0S
CALL CI Get a character
CALL ECHO Echo it on screen
CALL VALDL,  See if delimiter
JNC GTHK10  No-branch
MOV ~ D,G . Yes - 411 done, but want to

return delimiter

PUSH H ] Move result to BC
POP B ‘
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0992 1 POP H Restore HL

0993 7B MOV AE Get flag

0994  B7 ORA A | Set T/Fs

0995 C23009 JNZ SRET If flag non zero, a number
has been found

0998 CA3209 JZ TRET Else, Delimiter was first

. Character

0998 GTHX10

0998  €D1009 CALL VATDG If not delimiter, sce if
digit

099E D26F08 JNC SRROR Error if not a valid digit,
either

0941 CD3509 CALL CITVBN Convert digit to its binary
value :

0944 EFF MVI E,FFH SET digit flag non-zero .

0946 29 DAD H X2

00A7 29 DAD H Xu

0948 26 DAD H X8

0949 29 DAD H X16

0944 0600 MVI B,0 Clear upper 8 bits of
BC pair

09AC  4F MOV C,A Binary value of character

' in C '

094D 09 DAD B Add this value to partial
result

09AE  C38309 IMP GTHXO5 Get next character

MONITOR TADLES



OF00

Or00
OFO4

OFQ08
OFOC
OF10

0014

OF14

OF14
Or15
OF16
0003

OF17

OF17
019
OF1B
0D

Or1F

OFr1¥
OF23
or27
0009

ODOA4O2E
L3OES4L5

53544552
20524541
44.590D0A

5y
47
4c

0000
4709
S5EQ09
8A08

MSG

LMSG

CTAB

NCMDS

CADDR

TRYMSG

ODOA492E
4323LEUF
3A

LTRMSG EQU

DB

EQU

DB
DB
DB

EQU

DwW
Dw
Dw
bw

1411

Tq
Tk
' I

OBH

LIST
GCMD
TRY

O9H

Ne! 22

Sign on Message

LF,CR,I;,;
O,y E,
s,T,E,R
SP,R,E,A

S

b,Y,LF,CR
Length of M3G

Table of addregs of command
routines

Number of valid coumands

Table of addregses of function-
al commands _

Dummy

Message in response to T
¢command

LF,CR,I,.,
¢, .,N,0,

[
b

Length of TRYMSG
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OF28 7400MG | Message for 7400 1IC testing
programme location

OF28 ODOA4156 DB LF;CR,A,V,

OF2C  41494C41 A,I,L,A,

OF30 424C450D B,L,E,LF,

OF3l4  OAUCHFLZ CR,1,0,C,

OF38 3A303042 | :10;913

OF3C  310DOA | 1,1F,CR

0017 L7400M EQU 17H Length of 7400 MG

OF3F /S Ve Message for 7476IC testing
programue location

OF3F ODOA4156 DB LF,CR,A,V

OF43  UALOuClq A,T,I,4,

OF47  424C450D B,L,E,IF,

OF4B  OA4CLF4R CR,L,0,C,

OF4F  3A304137 :;O;A,7;

OF53  350DOA S;LF,CR

0017 _ L7476M EQU 17/H Tength of. 7476MG

OF56 7490MG Message for 7490IC testing
programme location

OF56 ODOA4156 DB LF,CR,4,V,

OFSA  41494CH1 A,T,T,4,

OFSE  424C450D - B,L,BE,LF,

OF62 CALCHTL? CR,L,0,C,

OF66  3A%D4330 :;o;c,o

OF6A 3080 DOA _ 0,LF,CR



0017

OF6D

OF6D
OF71
OF?75
OF79
OF7D
OFa1
0017

OF84

OFg4
OFr38
OF8C
0F90
OFo4
o011

or95
OF95
OF99
OFoD
OFA1

ODOAU1 56
41494081
L24CH50D
OALGLFAZ

ZABZ043%5

450D0A

ODOA4ELF
542044156
4ALQHCYA
424CL50D
OA

ODOAUGHT
4CUCLFS?
HOUELT20)
4BUALED ()

b2
L7490M  EQU 171 Length of 7490MG

74935MG Message for 74931IC testing
programme location

DB LI ,CR,A,V,
L,1,L,A,
B,1,E,LF
CR,L,0,C,
2,0,C,5,
¥,LF,CR
L7493M EQU  17H Length of 7493MG

NTAVMG Message for test programme
not available.

DB _ LF,CR,N,O,
T,8P,A,V,
A,TI,L,A,
B,L,E,LF,
CR
INTAVM  EQU  11H Length of NTAVMG
LSTMG Message for I command
DB LF,CR,F,0
L,L,0,W,
f,N,G;SP,
C,A,N,SP,



OFAS
OFA9
OFAD
OFB1
OFB5
OFB9
OFBD
OFC1
OFC5
OFCe

0037

42452054
4555545
440DOAZ20
37343030
ODOA2037
A437360D
0A2037 34
39300D0A
20373439
330DOA

LILSTM

- EQU

571

425

E,S,T,E,
D,LF,CR,SP,
754,0,0,
LF,CR, 8P, 7,
4,7,6,LF,
CR,SP,7,4,
9,0,LF,CR,
SP,7,4,9,

3 LF,CR

Length of LSTMG



0027

O0E1
000D
O0EO
0018
OFFF

OCOA
- OOCE
O¥DE
O07F

OFFE

0020

CMD

CNTL
CR
DATA
ESC
ICNO

LF

MODE

PADDR

PRTYO

RPTLP

ZERO

4-26

MONITOR EQUATES

EQU

rY

BQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU

EQU

27H

E1H
ODH
EOH
1BH
OFFFH

OAH
CEH
OFDEH
9FH

OFFEH

30H

Command instruction for
USART dinitialization.

USART control port.

ASCIT code for CARRIAGE RETURN
USART data port.

ASCII code for ESCAPE character

Location for 'IC test programme’
indicator

ASCII code for LINE FEED
Mode set for USART initialization

Location for test programme
starting address in GCMD sub-
routine.

Mask to clear parity bit from
console character.

Location for 'Repeat Loop
Indicator' address.

ASCIY code for '0O',
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4,10 OPERATING PROCEDURE FOR USING ADM-3A KEYBOARD

The procedure recommended for communicating with the HIL-2961

through ADM-3%A keyboard is as under:

1. Before connecting the hardware interface between |
ADM-3A and HIL-2961, switch all power supplies OFF,
including HIL-29%1 and ADM-3A supplies.

2, Connect the hardware.

3. Switch ON all power supplies for hardware interface.

4, Switch ON ADM-3A and HIL-2961 supplics.

5. Load monitor programme in microprocessor RAM through
HIL-2961 keyboard, begining from location O8COH.

6. Execute programme from location O800H through
HI1~2961 keyboard 'IC. TESTER IS READY' will be
displayed on ADM-3A screen.

7. Control has been transfered to I.C. testef monitor
ADM-3A keyboard is now operative. Enter all valid
commands through ADM-3A keyboard, developed forijc Tesier.

8. If, at any stage the user wants to revert to HIL-2%1
keyboard; RESET key on HIL-2961 keyboard should be
pressed.

9., Having reverted to HIL-2961, the user may once
again transfer control to ADM-3A keyboard by
executing programme from location O808H ﬂNCT FROM
0800H) through HIL-291 keyboard. Memory location
O800H to O807H contain the initialization programme
for 82514 USART and must not be repeatedfonce the
USART is initialized.



CHAP T ER ~5

TEST PROGRAMMES DEVELOPMuNT FOR A FEW
SELECTED IC CHIPS

51 INTRODUCTION

Test programme for IC 7400 was discussed in Chapter 2
Thidprograﬁme was executed through HIL-2961 keyboard. The
limitations of operating through HIL-291 keyboard have been
covered under Section 3.,1. Having developed a guccessful
interface between the ADM-3A and HIL-29%1, test programmes
for different ICs can now be executed through ADM-3A keyboard.

The vefsatality of an IC tester depends upon its capability
to test a wide range of ICs. However, if the IC tester is
develOPed for use in a partlculur laboratory us1ng certaln
speclflc ICs, 1t 1s sufficlent that the IC tester be able to
ltest those ICs.V In thls dissertation, four IC have been
selected for developing test programmes. These are.7400,
7476, 7490 and 7493, Of these, the first two are SSI chips

and the remaining two are MSI chips.
5.2 TEST PROGRAMMES

Test programme for IC 7400 has heen modified to enable its
execution through the ADM-3A keyboard. Development of

the test programmes for different ICs, listed in 5.1 is
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digcussed individually later in this chapter. All the
test programmes are given together at the end of the

chapter.

These test programmes make use of the existing ports on the
HIL 2961, viz.; Port 30 (@/P port) and Port 20 (I/P port).
Data lines of these ports are connected to two PCB edge
connectors. To facilitate identification, I/P data bus
uses RED flexible wires and O/P data bus uses BLUE flexible
wires. These wires are appropriately labelled 0;1,2,00.
etce. to indicate that they represent DO’hﬂ’D2°°’ etc. data
lines. The PCB ecdge connectors also carry a terminal each,

for Vcc and Ground.
53 TESTING PROCEDURE

The memory location of the starting address for a particular
IC testing programme can be found by using T command (TRY
Subroutine). The execution of the test programme, after
connecting the appropriate IC tesﬁ card, is accomplished

by using G command (GCMD Subroutine). If the IC is good,
'I.C. IS GOOD' will be displayed on the screen and the green
LED will glow on the test card. If the IC under tesF

has any logic mal-functions, 'I.C. IS BAD' will be dis~
played on the ADM~3A screen, a horn will be sounded and

the red LED on IC test card will glow. The control is ol

yet transferred to the IC tester muniftor. In case the user



wants to test the IC repeatedly for reliability testing,
&ﬁuﬁn@@ R key should be pressed. At present, this will
cause the programme to be repeated ten times. THoweéever,
the programme may be repeated desired number of times with
a minor change in the test programme. Once the user is
satisfied with the testing and wants to end the testing
procedure; S key should be pressed. This causes the
control to be transferred to the IC tester monitor; in

preparation for the.next test.
The recommendeqbrocedure for testing is as follows:

1. Activate the ADM-3A to HIL-2961 interface.,

2« Load all the IC test programmes given at the end of
this chapter into their respective memory locations
through HIL-2961 keyboard. Now; transfer the control
to ADM-3A keyboard. _ ,

3. Use TRY command to find the starting address of the
IC test programme required.

4., Connect the IC tester card between the two }PCB edge
connectorsspecified in Section 5.2.

5« Connect the V.o and GND terminals of PCB edge connec-
tors appropriately to +5V and GND on power supply unit.

6. Using G command execute the test programme.

7« If the IC is declared good; the test may be repeated
10 times for reliability testing by pressing

'R' key on ADM-3A key board.
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. 8« To exit from the programme, press 'S' key. 'I.C.TESTER
W READY' willbe displayed on the screen and the control
is transferred to the IC tester monitor.

9. The IC tester is once again ready to test another IC.

Note: The user must connect the IC test card between the
' two PCB edge connectorsbefore executing the test
programme.
54  IC 7400 TEST PROGRAMME

test
Two basic changesihove been made in the IC 7400/programme

discussed in Chapter 2. The first ene is the alteration to
use the ADM-3A capability of printing messages on the screen
and the second one is creation of a number of sub~routines
which can be used by other programmes as well. The flow chart
is given in Fig.5.1. The programme for IC 7400 test is
lgbelled NDTST and starts at memory location O9B1H. A gene-
ralised flow chart describing the test procedure, in general,

for all ICs is given in Fig.5.2.
5.5 IC 7496 TEST PROGRAMME

7476 is a dvwal J-K F/F with independent Preset, clear and
clocks. Preset and clear are active LOW asynchronous inputs
and have precedence over the synchronous inputs i.e.; J,K and
Clockes Once both the asynchronous inputs are disabled, the
J&K terminals become active., In response to a particular

set of J-K inputs; the correct output shall appear on the

output terminals at the falling edge of the clocks. This is a
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very important point to be taken care of, in testing the IC
chip. In the ‘test programme developed, in order to cater for
this feature, each test input vector is first applied with
clock (Bit D, of O/P port) input HIGH. The chip outputs at
this stage will retain their prev-ious state,for a good IC.
Keeping the test inputs unchanéed, the clock input terminal
is made LOW and thke chip outputs are compared to the correct

output desired in response to the test input vector currently

in use,

7476 is a SSI device. Tts pin configuration and functional
table is given in Appendix 'E'. The circuit diagram for

7476 card ig shown in Fig.5.3 and the PCB layout is shown in
Fig.5.4. The programme[%g~7476 test is labelled *JKFF! and

starts from memory location OAPS5H.
546 IC 7490 TEST PROGRAMME

7490 is a divide by two and divide by five, 4 bit binary up
counter IC. It can be used as a divide by ten counter by
connecting output of the first F/F (QA) to clock terminal of
the second F/F (I/P B). It has four asynchronous inputs
which have precedence over all other inputs. These are
Ro(ﬂ), RO(2); Rg(ﬂ) and Rg(z). Ro(ﬂ) and RO(Z) are connected
inside the chip to the inputs of a two input NAND gate. When
both of *hem are made HIGH; they RESET all the F/Fs. With
any other combination; these inputs are disabled. Rg(ﬂ) and

Rg(2) are also connected internally to thefinputs of a two
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input NAND gate. When both of them are made HIGH, A and D F/Fs
are SET and B andC F/Fs are RESET. Any other combination
applied at Rg(ﬂ) and Rg(2) terminals disables them. With QA
output connected to I/PB input, the IC behaves as a decade

up counter. This mode of operation has been used to verify

its correct behaviomr. TInitially, the effect of asynchronous
inputs is checked. Then the count is started from zero count
and is made to complete one complete count sequence returning
back to the zero count. Like 7476, ICs 7490 and 7493 also place
the desired output in response toaparticular input at the
falling edge of the clock pulse. Therefore, the testing

procedure is accordingly designed as described in Scction 5.5.

7490 is a MSI device. Its details are given in Appendix 'E'.
The circuit diagram for 7490 test card is given in Fig.5.5 and
the PCB layout is given in Fig.5.6. The programme for

IC 7490 test is labelled T90 and starts from memory location
OCOOH.

5a7 IC 7493 TEST PROGRAMME

7493 is basically a divide by two and divide by eight 4 bit
binary up ripple counter. It can be used as a divide by

16 counter by connecting the output of the first F/F Q)

to the clock terminal of the second I/F (I/P B). It has

two asynchronous inputs; Ro(ﬂ) and RO(E) which have precedence

over other inputs. Ro(ﬂ) and RO(2) are connected internally
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to the inputs of a two inpul NAND gate, the output of which
goes to the clear terminals (not availablevexternally) of all
the four ¥F/Fs. Thus; when bofh'RO(1) and RO(2) are held HIGH,
all the F/Fs are RESET. Any other combination disables

thése inputs.

With Q, output connected to I/P B input, the IC behaves as a
divide by sixteen up coﬁnter.This mode of operation has been
used to verify its correct behaviour. It can be seen that

IC 749% is quite similar to IC 7490, therefore the testing
procedure for the two is similar. Only difference in this
case is that the count goesupto fifteen after starting from
count zero.

7493 is a MST device. Tts details are given in Appendix 'E'.
The circuit diagram/g£%3 test card is given in Fig.5.7 and the

PCB layout is given in Fig.5.8.
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0981
0981
09B2
0983
09BH4
0986
09B9
09BC

09BC
09BE

09C1

00OCH
09C6

09C9
09CB

O9CE
09D0

09D3
09D5

PROGRAMME LISTING

F5
C5
D5

3E00
32FEOF

32FFOF

SE07
CDODOA

C214048

3E06
CDODOA

FEOF
C21404A

SE05
CDODOA

FEOF
C214.0A

C3DB09

NDTST

ND5

5=13

N4ME OF SUBROUTINE  NDTST

INPUDS NONE

CUTPUTS NONE

CALLS LCAD

DESTROYS  H,L,F/Fs

DESCRIPTION  'NDTST' CHCrs yplC 7400

PUSH PSW Save status

PUSH B Save BC pair

PUSH D Save DE pair

MVI A’(OO)Hi Load REPuAT LOOP ABSLNT

STA RPIIP | status

STA ICNO Load 7400 Test ¥rogramme

indicator

MVI A,(O7)H} Send (11), at NAND gate inputs
CALL LOAD and read chip O/Ps

JNZ FAULT If chip O/Ps arc not correct

Branch

MVI £,(06), Send (10), at VAND gate inputs
CALL LOAD and read chip O/Ps

CPIT (-OF)H ‘} Branch if chip O/Ps arc

INZ PAULT not correct

MVI A,(GB)H] Send (01) at NAND gate

CALL LOAD ‘4 inputs anf read chip O/Ps
CPI (OF) '} Branch if chip O/Ps are
INZ FAULA not correct.
JMP GOOCD The IC is good. Go to

Good. subroutine.



09DB
09DB
09DD
O9DF

09ED
0QE3

0916
Q959
0%EB
O9EE

O9EF
00F2

O9F4
oory
0or8

09F3
O9FE
O9FF
0R00
0AQ2
0AOS
0AO7
OAOA

3E80
D330

C5

010500
CD3004

21EQQF
O60x
CDgoo8s
C1

SAFLOF
FE15

CA3BOA
C5
CD5708

CD3E08
79

A
FE52
CA%304
FE53
CABBOA
C3F709

GOOD

514

NAME OF SUBROUTINE  GCOD

INPUTS  NONE

OUTPUTS  MESSAGE ON CONSOLE, SIGNAL FOR SWITCHINC
ON GOOD LED

CALLS CI,” BCHO, MSGOUT, DELB

DESTROYS A,H,L,F/Fs

DESCRIPTION 'GOOD' DISPLAYS 'I.C.IS GOCD'
ON COVSOLE AND THRE)N LOOKS FOR
REPEAT OR STOP COMMANDS

MVI A,80H ] Switch ON 'GOOD' LED
our 30H
PUSH B Save BC

IxI B,C005H 7 Cause 5 ms delay
. CALL  DELB J

IxT II,GOODMG 1 Display message on console
MVI B,LGOODM.J
CALL  MSGOUT

POP B Restore BC

LQA RPTLP ] If repeat loop is

CpPI 15H l present - Branch

Jz RPTO5 |

PUSH B Else, Save BC

CALL CI Get a character from
console

CALL ®ECHO Echo it

MOV A,C Move character to A

POF B Restore BC

CPI R Is character R (REPEAT)a

JB RPT Yes -~ Branch

CPI - S NO - Is it S (8TOP)?

J& STOoP Yes - Jranch

JMP GOODOS MO -~ Get another character



0AQOD
OAOD

OAQF
OA11

0413

OA1 L
OA1ML

OA16
0418
0419
OAMA
QA1C
QAME
OA21

QL2
Oiﬁ‘\. 2 6

D330
DB20
E6OF
¢9

3840
D330
C5

D5
0620
1630
CDA70L.
21F00T

O60E
CD8008

N
I

5-15

AME OF SUBROUTINE LOAD
NPUTS TEST INPULS IN ACCUMULATOR

CUTPUTS CHIP OUTPUTS IN ACCUMULATOR

D
D

LOAD

FAULT

CAILS  NOTHING
ESTROYS A,F/Fs

ESCRIPTION TLOAD SENDS OUT TEST INPUTS TO THE
IC UNDER TEST AND READS THE IC
OUTPUTS
out 30 Qutput test input
Iy 20 Read chip output
ANT OFH Mask unwanted bits

NAME OF SUBROUTINE  FAULT

INPUTS  HONE

OUTPUTS MESSAGE ON CONSOLE, HORY AWD
SIGIAL FOR SWITCHING ON 'BAD
TED. -

CALLS HORNZ , MSGOUT

DESTROYS A,H,I,F/Fs

DESCRIPTION FAULT SWITCHES ON BAD LED,
SOUMNDS A HORIN AND DISFLAYS
"I.C. IS BAD' ON SCREEN

MVI A NOH Switch 'ON' ‘'3AD' LED
ouT 30

PUSH B Save BC

PUSH D Save DE

MVI B,20H sound Horn
MVI D,350H :

CALL  HORNZ

LxT H,BADMG 7 Display message on console
MY T B,IBADM |

CALL  MSGOUT J



0AZ29
QACB

OA2E
OA2T
0A30

OA33
0A33

OA36
OA%8

OAZE
OA%B
OAZC
OA3BE

OAL1
OAlA

QA4
0ALS
OALS
QA4G

OAL8

3E00
Z2FEOF

D1
C1
C3F709

110900
3BE15
Z2FEQF
7B
FEOO
CALS0A

1B
C3560A
A
FEOO
CA4EOA

MVI
a4
POP
POP
JMP
NAME QF SUB
TWPUTS
OUTPUTS
CALLS
DESTRCYS
DESCRIPTION
RPT
IxI
MVT
STA
RPTO5
MOV
CPI
Jz
RPTI0
DCX
JMP
RPT15
MOV
CPI
J7

5-16

A,00H Store repédat loop absent
PTLP status in location OFFLH
D Restore DE

B Restore BC

GOODOS Get next character

ROUTINE  RPT
NONE

NONE

NOTHING
A,D,E,F/Fs

RPT SETS UP REPEAT LOOP PRESENT
STATUS AND REPEAT LOOP COUNTIR.

IT THEN DECRBMENTS THE COUNTER.

IF THE COUNTER IS EXHAUSTED, IT SETS
UP REPEAT LOOP ABSENT STATUS AND
RETURES TO PROGRAMME, OTHERWISE IT
RETURKS DIRECTLY TO THE PROGRAMME.

D,0009H &et up repeat loop counter
A,15H 1 Bet up repeat loop present
RPTIP | status

AVE "} Is lower byte of counter
OOH zero? -
RPT15 Yes - Branch
D Mo - Decrement counter
AGATN Repeat test programme
A,D T Lower byte of counter is
00H b zero - 1Is upper byte also

zero?

RPT20 Yes -~ Branch



OALB
OALE
OALE
OAS0

OAS3

OA56
0AS56
0AS9
OASB
OASE
0AG0
0A63
0AG5
0AG8

5=17

C3410A JMP RPT10 No - go back to the programme
RPT20 :
»E00 MVI A, OCH Counter 1is exhausted,
32FEOF STA RPTLP } store ‘repeat loop absent
‘ ' status'.
C3560A JMP AGATIN Repeat test programme
NAME OF SUBROUTINE AGAIN
INPUTS NONE
OUTPUTS NONE
CALLS NOTHING

DESTROYS A,F/Fs

DESCRIPTICN

AGATN
ZAFFOF IDA
FEOO CPI
CABCO9 Iz
FE76 CPI
CA8204 Iz
FE9O CPI
cAODOC g2
Cr6BOC IMP

'AGATN' CHECKS UP WHICH IS.'T*E IC TEST
PROGRAMME CURRENTLY BEING EXECUTED BY
CHECKING THE IC TEST PROGRAMME
THDICATOR STORED IN LOCATICON OFFFH.
CONTROL IS ACCORDINGLY TRANSFERRI

TO THAT FPROGRAMME.

ICNO Load test programme
indicator status

OCH Is it 7400 programme?

ND5 Yes - Go to 7400 programme

76 No.Is it 7476 prbgramme?

JKO5 Yes - Go to 7476 prograumme

90 No.Is it 7490 programme?

T9005 Yes ~ Go to 7490 programme

T9305 | It is 7493 programme
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NAME OF SUBRCUTINE STOP
INPUTS NONE

CUTPUTS NONE

CATLS NOTHING

' DESTROYS A,B,C,D,E e
DESCRIPTION 'STOP' SWITCH/OFF BOTI LEDs AND
THEN RETURNS TO MCKITOR FOR
GETTING NEXT COMMAND FROM CONSOLE

STOP
5E00 MVI A, OOCH Switch OFF LIEDs
D330 ouT 30H |
D1 | PCP D Restore DE
CA1 POoFP B Restore BC
F1 POP PSW Restore status

C30808 JMP SIGNOM RReturn to Monitor

NAME OF SUBROUTINL JKITF

INPUTLS NONE
OUTPUTS NONE .
CATTS LOAD CHECKﬂ,CHECKZ
DESTROYS H,L,F/Fs
DESCRIPTION tJKFR' TESTS IC 7476
JKFF _
F5 PUSH - PSW Save status
C5 _ PUSH B Save RC
D5 PUSH D ' Save DE
3576 MVI A,76H "} Toad '7476 Test Programme'
) status
32FFOF STA CNO
3E00 MVI A, OCH Load 'Repeat Loop Absent'
Status
22FEOF STA RPTLP



OA82
0oA82

OA8L.

OA8Y

QOA8A
OA8C

OA8F

0492
0494

0A97

OAQA
0A9C

OAQF

QAA2
QAAL

QAA7

OAAA
OAAC

OAAR

OAB2
OABY-

OAB?

OABA
OABC

OABF

OAC2
ACYH.

OAC?

OACA
OACC

3E09
CDODOA

CDIDFOA

3E1D
CDODOA

CDDFOA

3E189
CDODOA

CDESOA

ZE1E
CDODOA

CDESOL

3E1A
CDODOA

GDDFOA

3E1F
CDODOA

CDDFOA

3E1B
CDODOA

CDES0A

251G
CDODOA

- CDE504

3818
CDODOA

CDES50A

300
CDODQA

JKO5

CALL
CALL

MVI
CALL

CALL

MVI
CALL

CALL

MVI
CALL

CALL

MVI
CALL

CALL

MVI
CALL

CALL

MVI
CALL

CALL

MVI
CALL

CALL

MVI
CALL

CALIL

MVI
CALL

A, O9H
LOAD

CHCK1

A,1DH
LOAD

CHCK1

A,19H
LOAD

CHCKZ

A,MER

LCAD
CHCK2

A,1AH
LOAD

CHCK"

A FH
LOAD

CHCK"

A,4BH
LOAD

CHCK=2

A,1CH
LOAD

CHCKZ2

A,18H
T.CAD

CHCK2

A, O0H
LOAD

i .

1

| S—

ot

| I

5=19

Make PRESET LOW and
read chip O/Ps

Check if O/Ps are correct

Make J=0, K=1 and read
chip O/Ps

Check if O/Ps are correct

Make clock ZERC and
read chip O/Ps

Check if O/Ps are correct

Make J=1, K=0 and read
chip O/Ps

Check if O/Ps are correct

Make clock ZERO and
read chip O/Ps

Check if O/Ps are correct

Make J=1,K=1 and read
chip O/Ps

Check if O/Ps are correck

Make clock ZERO and
read chip O/Ps

Check if O/Ps are correct

Make J=0, K=0 and read
chip O/Ps

Check if O/Ps are correct

Make clock zero and
read chip O/Ps

Check if O/Ps are correct

Make PRESET and CILEAR
Low and read chip O/Ps



5«20

OACF TFEOF CPT OFH } If O/Ps are not correct
OADA C21404 . JINZ FAULT Chip is bad

OADA 3}12 MVT A,12I1 '} Else, Make CLBAR LOW

QAD6 CDODOA CALL T0AD | and read chip 0O/Ps

OAD9 CDES50A CALL  CHCK2 Check if O/Ps are correct
OADC  C3DBO9 JMP GOOD Chip is Good

NAME (QF SUBROUTINE CHCK1

INPUTS CHIP O/Ps Il ACCUMULATOR
OUTPUTS KONE

CALLS NOTHING

DESTROYS F/Fs

DESCRIPTION CHCK1 CHECKS UP IF CHIP O/Ps
ARE CORRLCT. IF CORLECT, IT RETURNS
TO PROGRAMME OTHERWISE CONTRCL IS
TRAMNSFERED TO ‘'FAULT'

OADF CHCK1

OADF FEOA CPI OAH I Ir chip O/Ps are not
041 C21404A JNZ FAULT correct, chip is bad
OAE4 €9 RET Else, Return

IFAME OF SUBROUTINE CHCK2
INPUTS

OUTPUTS SAME AS CHCKA
CALLS

DESTROYS

DESCRTIPTION

OAES CHCK2 ‘ |
OAES FEOS . CPI O5H } If chip O/Ps are not correct,
OLEY  C2140A JNZ FAULT chip is bad

OAL

=

*.

L\ C9 ‘RET ilse, Return
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NAME OF SUBROUTINE  T9O
INPUTS  NONE

OUTPUTS  NONE

CLLLS LOAD, CHCKZ

DESTROYS H,L,F/Fs
DESCRIPTION 'T90' TESTS IC 7490

0C00 T90

0CO0 F5 PUSH PSW Save status

0G01 G5 PUSH B Save BC

0C02 D5 PUSH D Save DE

0C0% 3E90 MVI 4, 90m '\ Load '7490 Test Programme'

0C05 %2FFOF STA ICNO ! status

0C08 3L00 MVI A,O00H 7 Load repeat loop absent

0COL  32FEQF STA RETLP | status

OCOD 79005

OCOD 3E07 MVI L,07H 1 Make Rg(ﬂ) and R_(2) HIGH
o

OCOF CDODOA CALL LOAD and read chip O/Ps

0C12 TFEOQ9 CPI 09H 7 If the O/Ps are not correct

0C14 C2140A INZ FAULT 4 The chip is bad

0C17  3E19 MV A,19H J Else make Ry(1) and R(2)

0C19 CDODOA CALL LOAD HIGH and read chip 0/Ps

0C1C CD580C CALL CHCK? Check if O/Ps are correct

OC1F 3E1B MVI 1BH \ hgain make Ry(1) andRy(2)

0C21 CDODOA CALL LOAD HIGH and read chip O/Ps

0C24  CD580C CALL CHCK3S Check if O/Ps are correct

0cz2?7  3E09 MVI O9H ] Disable asynchronous inputs

0C29 CDODOA CALL LOAD | and make I/PA=1

0C2C CDSEm8oC CALL CHCK? Check if O/Ps are correct

0C2F 0601 MVI B,01H Make B register for

'Correct O/Ps!



0C3%1

0C35
0C33
0C35

0C38
0C39

0C3C
0C2E

oc41
och2

OC45

OCl46
oc47
ocu8
OC4A

OC4D
OC4r

0C52
0C55

0C58
0058
0CSA

OC5D

0E0O MVI  C,O0CH
19010
3EO0A MVI  A,OAH
CDODOA CALL  LOAD
B8 CPM B i
C2140A N7 PAULT |
3E15 MVI ~ A,15H ]
CDODOA CALL ILOAD |
BS CPM B i
C2140A JNZ  FAULT |
Ol "INR B
oc INR G
79 MOV  A,C ]
FEO9 cPI  O9H
C2330C JNZ 79010
3E08 MVI A,08H |
CDODOA CALL  TLOAD
CD580C CALL  CHCK?
C3DB0O9 JMP  GOOD
NAME OF SUBROUTINE
INPUTS . T
OUTPUTS l
CALLS z
DESTROYS =~ |
DESCRIPTION
CHCK3
FEOO CPI OOH 1
C214:04 vz FAULT |
Cc9 RET

5-22

Make C counter for number
of test inputs given

Make I/PA=0 and check
chip O/Ps

It O/Ps are not correct,
chip is bad

Else, make I/PA=1 and
check £hip O/Ps

If O/Ps are not correct
chip is bad

Increment correct output
register

Increment 'number of test
inputs' given countel

Have all test inputs been
given?

No -go back to programnme

Yes - make I/PA=0 and
read chip O/Ps

Check if 0/Ps are correct

Chip is Good

CHCK3

SAME AS CHCK1

If O/Ps are not correct
chip is faulty

Else, return to programnme



OCSE
0C5r:

OCS5F
0C60

0Co61
0C63

0C66

0Ce8

0CeB
0OCeB

0C6D
0C70

0C?73
0C75

0C78
0CYB

0C?7D

OCY/F
OC?7F
0C81

oC84
0C85

0C88
OC8A

NAME OF SUBROUTINE

INPUTS NONE
OUTPUTS NONE
CALLS
DESTROYS
DESCRIPTION
T93
"5 PUSH PSW
ChH PUSH B
D5 PUSH D
3E93 MVI A, 9%y
Z2FFOF STA ICNO
3E00 MVI A, OOH
32WEOR STA RPTLP
T9305
3E06 MVI A,OGH
CDODOA CALL LOAD
CD580C CALL CHCK3
305 MVI A,05H
CDODOA CALL T.OAD
CD580C CALL CHCK?
0601 MVI B,01H
OEOO MVI c,O00H
79310
w02 MVI A,02H
CDODOA CAILL TOAD
B8 CPM B
C2140A JNZ FAULT
3E05 MVI A,O5H
CDODOA CALL LOAD

5-23

T93

TOAD, CHCKZ

H,L,¥/Fs

)

J

]

1

A

]

'TO3' TESTS IC 7493

Save status
Save RBC
Save DE

Load '749%4Test programme status'

Toad repeat loop absent status

Make Ro(ﬂ) and. RO(2) HIGH
and read chip 0/Ps

Check if O/Ps are correct

Make I/PA=1 and
read chip O/Ps

Check if O/Ps are correct

Make B, the 'correct outputs'
register

Make C the counter for number
of test inputs given

Make I/PA=0 and read
chip O/Ps

If chip O/Ps are not correct,
chip is bad

Flse make I/PA=1 and read
chip O/Ps



0Cc8D
OC8E

0C91

0C9Y3
CCHi

0C%

0C99
0C9B

OC9E

0CA1

OFEQ
OFEOQ
OFQE4
OFE8
OFEC

OOOF
OFTO
OFFO
OFF4
OTFTF8
OFFC
O00E
OFFE
OFFF

B8 C.PM B
C2140A INZ FAULT
o INR B
oc INR c
79 MOV A,C
FEOF CPI OFH
C2770C INZ 79310
3E02 MVI 4 ,02H
CDODOA CALL  TOAD
CD580C CALL  CHCK?
C3DBOY IMP GOOD
PROGRAMME TABLES
GOODMG
ODOA4OZE DB
432E496%
2OUILTFUT
44 ODOA
IGOODM EQU  OPH
BADMG
ODOALORE
43281953
20420142
ODOA
LBADM EQU ORH
RPTLP EQU OFFEH
ICNO  EQU  OFFFH

524

'} If chip O/Ps are not

correct, chip is bad:«
Increment 'Correct O/P!
register

Increment 'number of test

inputs given' counter
Have all test inputs
} been given?

No - Go back to programme

} Yes - make I/PA=0

Check if chip O/Ps are
correct

The chip is good

Good Message
ILF,CR,I,.,
CyoyI,S,
5P,G,0,0,
D,LF,CR

Length of GOODMG

'BAD' Message

OF,CR,I,.;

CyeyI,S,

SP,B,A,D,

LF,CR -
Length of BADMG
RPT LOOP INDICATOR T1,0CATION
IC NO INDICATOR 1,00+iTION
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UNIVERSAL IC TRESTER

6.1 INTRODUCTION

The procedure for testingg ICs in previous chapters requires
different personality cards for each IC to be tested. This
implies additional hardware for ecach additional IC testing
programme to be included in the IC tester repertoire. Also,
each time a different type of IC is to be tested, a new card
has to be connected to the microprocessor ports° Obviously,
for easy and efficient testing, a universal IC tester is
required, which can test any IC using the same hardware,
provided, of course, ﬁhat the software for testing the IC

exists in the IC tester memory.
642 REQUIREMENTS

Tt is very seldom that two ICs having identical pin confi-

guration (in respect of V Ground, Input and Output pins)

cc?
willibe encountered. Even ICs having identical logic
functions but different parameters may, at times, have
different pin configuration. The basic requirement of a
universal IC tester is, therefore, that each pin of the IC
under test should be programmable as an I/P, O/P, V,, or
Ground. Before the test inputs are impressed upon the IC,

the test programme must be able to programme each pin to

operate in the desired mode.



6.3 DESIGN OF UNIVERSAL IC TESTERS

Pig.6.1 describes the basic idea behind the design of a
universal IC tester. Tri state buffers 74L8125 and 7418126
have been used to programme different pins in the desired
mode. Both these ICs have four tri-state buffers, each
buffer having independent enable. The enable signals for
7418125 are active Low and enable signals for 7418126 are
active HIGH. The pin configuration of these ICs is given

in Appendix 'E'.

If the enable signal o a 7418125 buffer is shorted with the
enable signal of a 74L8126lbuffer, the common line will then
control selection of any one of the two buffers. A HIGH

on this line will select the 7415126 buffer, disabling the
418125 buffer. A Low on the line will select the 7418125
buffer and disable the 7413126 buffer.

As shown in Fig.6.1, each line joining a particular IC pin,
can be controlled by different enable signals. The enable
signals form different control ports. ©Since the IC pins
should stay inawparticular mode throughout the time of
testing, there is a necessity of latching the control word

at the beginning of the test programme. This is accomplished

by using 741S27% latch, which is a tri state 8 bit latch.
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S PROGRAMMING THE UNIVERSAL IC TESTER

Diagnostic programmes written for various ICs in chapter 5
can be used with some modifications in universal IC tester.
Depending upon the pin configuration of the IC under test;
appropriate control words should be sent to ccntrol ports CP1
to CP6. This is the only modification required. A sample
initialization programming for programming the pins of the
universal IC tester is given in Appenéix ‘H', for IC 7400
chip. The latching arrangement provided will ensure that
the pins remain programmed for the duration of test.
Required test inputs can now be given to the IC chip and

the O/Ps read into the microprocessor.

6.5 COMMENTS

The universal IC tester could not be fabricated due to non-
availabil%ty of components. The 1list of components reqﬁired
is as under:

1. 7413827% 10 Nos

2. 74LS125 16 Nos

2. 7418126 12 Nos
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CHAPTER -7

CONCLUSION

7.1  SUMMARY OF THE WORK

In this thesis; a digital IC tester, operating through a
CRT terminal, has been developg¢d. This IC tester requires
individual test cards for different ICs to be tested and
test cards for IC 7400; 7476; 7490 and 7493 have been fab-
ricated. Software for testing these ICs has also been

developed.

The HIL-2961 to ADM-3A interface has been developed in
complete details viz.; power supply unit, bamd rate gene-
rator, and 'RS232-C interface and 8251A USART interface
unit. Besides the baud rate of 4800 used presently; the
baud rate generator can also generate many other baud rates
upto 19200 to facilitate microprocessor interfacing with
comnonly used peripherals like CRT and TTY. The monitor
developed for the IC tester is sufficient for executing

various commands required for testing IC chips.

The Universal IC tester discussed in Chapter 6 obviates
the need for different hardware for different IC chips
and illustrates the flexibility and efficiency of micro-
processor in programming different IC pins of the IC

under test.
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The successful working of various designed units has
helped in consolidating the knowledge gained on micro-
processor applications in the class-room. This has been

the most significant gain of this work.
7.2 RECOMMENDED DEVELOPMENTS

Although the IC tester monitor is powerful enough to
execute various commands for testing an IC chip; it does
not have the capability of executing all the commands
necessary for total control of the microprocessor. Other
functional commands provided on the HIL-2961 keyboard and
additional facilities like block move including appropriate
change in branch instructiors can be developed with a little
more work. Complete monitor can then be stored in an
EPROM to avoid loading it each time the supply is switched
ON.

The universal IC tester can also be developed based upon
the details provided in Chapter ©, Thereafter the IC

tester will be able to test all the ICs having 14 or 16
pin configuration; depending upon the software develop-

ment for testing various ICs.
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APFENDIX - A

T"TEL 8085 A : BRIEF DESCRIPTTION ( 11)

SPECIAL FEATURES

8085 A is a single chip, 8 bit, N-channel central
processing unit having following special features:

1e
24
Se

4,

Se

Single +5 V supply
100% software compatibility with 8080 A
1.% ns instruction cycle

Cn chip clock generator (with external crystal,
IC or RC network)

On chip system controller; advanced cycle
status information available for large system
control :

Four vectored interrupt inputs (one is non-
maskable) plus an 8080 4 compatible interrupt

Serial In/Serial out port
Decimal, binary and double precision arithmetic

Direct addressing capability to ©4 K bytes
of memory

FUNCTICNAL DLOCK DIAGRAM

Functional block diagram of internal architecture
of 8085 A is shown in Fig.s.1

FUNCTIONAL PIN DEFINITION :

The pin configuration of 8085 A is shown in Fige.le2e
FTunction of each pin is given below:



	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	References
	Appendix

