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~icroprocessor based designs require to stGre their
9perGting and additional programs 1In a permanent rn~mory
such as an ~ROK. EPRO~ program~~rsare thus an essentjal
requirement for any microprocessor based design. The
present prcject work deals with the development of a 8085-
based EPROM Programmer, which can be used in Program,Verify,
Read, Display, Copy and Print I.jode.Programs have been developed
for the Intel 2716, 2732, 2764 and 27128 EPROMs. Since the
programmer is software controlled, any type of EPROM can be
programmed just with a little change in the control program
of the EFRON programmer. The project work, besides, greatly
encouraging microcomputer based designs, will also save buying

of costly rnanuf~ctured prog~a~ers available in foreign market .
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1.1 General In"troduction

ihe advent of discrete semiconductors and the tecrillological
follo',1-oD, e.g., the monolithic integroted circllits, have had
sirl''n:.;ic'.,nt impact 0:1 th— perform2.nce, cost, reliar’ility, main-
tainability, physical size, a~d a~cnitec~ur~ o~ cOn~rel process-

ing units of Oleital co.'r.ptier an"~ [11Jv?0j 2t ies of flitTi tal sy si~ems.

The use of sernjcon~uctors has nov" zta~ted to spread to
peripheral eauipm~nt al!l~. rr.~rno~y. ~r""lent}1~ ~enor.v eJernents are
or~~nizedand co~bined in a particuJar arT8n~ement. t-~ey aTe

referren to 3s memory system.

1.2 Non-Volatile j:emories

A memory section for storin€ per~—-nen~da-a, e.g., list of
constants, tgbles of data conversion like tricono~~tric sine
tables etc., and fixej computer pro~ra~: like Op2.r2~ineins~rJc-

tions, editor, monitor or utility pro:rams, subro~~ins, keyboard

enc:o.:ler, cha~actey gen9rE..to~ e:::::,, do :c rennuic-p 2 I'ri~e  cig-bilittg
once it is loadec.; thus -ribE 2nd ,::;0s-;may pe s~v~c DI om-—-:il1€"the
v, Trite fe8tu!'s. Such ¢ s"tor'clife cievi<":E is c&llec o. 2ee.c-onJy I:le~cr:\

or tiGE. ::irhe i~OI"ID~tion StOTPG. in these aevi C9S 1\': L y--7r:;2ii'~

unch?n~~G eve~ if power 1is re~ovea ;rorr "the sys~e~wr.ich offers
a consiii erable conveni ence. ].jo:-eove:- for date only occassj onally
chan~~a, there are even cas—~s between full write capabidity and

t'le Et0". One such tvpe is erasable proP'rammable rean-onJ y meno:-y



or EPROI L

3FRm1 has ~uickly found 1ts popul3rity as a non-volatile
temporary stor:::gemedi=. ]"i1orelikely responsible 1is its
attractive combination of field programmability, high density,
and low power consumption when compared to bipolar fusible-link
memories. Such devices, built with either p- or n- channel
metal-oxide-semiconductor tQchnology, have served well in
prototyping microprocessor based system . There 1is an extra

advDnta~e for the user to see the actual silicon chip through

the quartz winnow that lets the ultraviolet li~~for erasure.

1.3 Some Available =FRO~ Pro-rammers

To pro~ram the EPROMs some nevices are required ~nown as.
EPROIt ,proro:rammer.Various types of EPROI-"pgrogra!!“merare avaiJd:able
in the market. Performance of these progra®l"mersvaries with the
cost. These programmers are sometimes m.-line connected with
the computer and sometimes independent units. Some available

programmers are listed below along with their approximate prices.

1. "Universal PROH programmer™ by Intel corporation. It call
program all k:i.lldsf EPROl.lsusing different personality cards
and programming adapter socket. It can :beused as an independant

unit and also micro-computer based id tlj RS-232 cable. Price is

around £ 1000. |

i1i."PRON Programmer r-:980 [ by Pro-1,og9 Corporation. They



state "Built to handle the Pro{":,ur:Ilmabkevices of today
and tomorrol®'".Cost is above £ 1000.

8

iii. "3PROH Emulator and ITogrammer EP4000 produced by

G.P. Industrial Electronics Ltd. It 1s n mjcroprocessor
controlled programmer vThich can program all the popu.lar

EPROMs of Intel Corporation. Cost is about £ 600.

iv. Rockwell Intern~tional introduced an EPROM progra~mer
wi th their JI"icrOcompllterAll~-659. It can program only the

Intel 2716 EPRO~. Duplication 1is ~ot Dossible here.

v. H. Euller (SI>%.erland) desi[""ne~an EFROi";Programr:ler
for the popular 2716 8 277,? 3PROJ.isusin€: timer. 10£"ic fI:"tand

other accessories. ~here 1is no scope of duplication. Materia]

cost is around £ 2510.

vi. H.S.Lynes (England) designed an EPROM Programmer to
accommodate 2708, 2716 & 2732 EPROMs wusing drivers, latches

etc. It i1s to be interfaced with microcomputer. Material cost

is around £ 2011.

1.4 Aim of the Proiect:

The Ee?roJj Programmer to be desit;ned is Microcomputer
controlled. It can be used for programming Intel 2716, 2732,
and 2764 and 27128 EPROn and the EPRO"is wi thin the 804BH &
BO87H microcomputer chips. An additional advantage over the

available EPROM progra~~ers 1is that with [little modjfication



it can be used to program any type of EFRONBvailable in the
rn:iTl:et. 1'1le 40 output ports should be connected to proper
pins of the BFrtO~ and 3 soft~are with a little change should

be Hritten for the particular EPROJ~ to be prop:rarnmed.

EFROI'T is an essenti2l part in ell microcomputer bssed

dAPi~ns. As such the desi= of such a flexible EPRa~pro-~ra-
mmer will p'reetly he] p the research wnrks on the microcomputer
derci=s. It ~'ill also replace the need for investment of o.uite

a larp:e amount of foreign exchan—~e required for this purpose.
With industrial backup commercial manufacturing may also be

taken up.
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SELiJ COI-IYU]TOR  T,~~f.tO:qy

2.1 Read-Onlv_Memory

Semiconductor memories fall into t\w basic cate.

ories.
Read-only memories (ROMs) and Randam-access read/write memories
(1iM,s). ROM forms an important part of memory vreQuirement 1in
most microcomputer systems. This type of memory are also called

fixed memory, permp~ent memory or read-only store (ROS).

In principle it is simply a special combination circuit
because an input sie:nal combination (adnre!*lsand er.try) defines
a unique output combination. The RO~ can take a di~ital CO00e at
its input terminalf® and provirle a unique dig-ital code on its
output terminals. The relationship betw~en its input and output
codes are relatively fixed, 1J.Su2.llglterable only by slow
techniques, and for this reason it is termed "read-only”. T);e
difference between read-only memory and read/write memory is the

level of diffioul ty in ohanf."ingthe stored information.

The Rm'l, beinc: a fixed "lJerr.orys non-volatile: 1i.e..
loss of paper or system malfunction joes not eh2no::e the cont:ents
of memory_ 1J’he 3.0l<":shade the fe3ture of random access, which me3.ns
that the access time for a given memory [location is the .sameas

that for all other locations.

As a result of the recent.advances in le teohnology, RONs
exist in many forms. The technique employed for storing infor-
mation in the ROE (called. programming) provid es a convenient

method for classifying all HOl.lsanto one of the following three



1. Pro.o.:rameddurin™ manufactur",
One-T,ime pro~ramMabJe after manufacture by the user
3. ProlooTar. ImabJefter manllfact"re l1lith pro,.rision-f"or

erasin®; and repro ,,:rarmnillg.

Provision for progra~ming any of these three types commonly
involves some sort of link, which may be opened or closed,
between each row-select Iline and an input line of each OR gate.
"I"hesaunits <:rethen specified accordin<; to the information
pattern that ie to be progra~mled into ~he unit in a manner that
depends upon the units type.

211  Hanufacture-Frogrammed  Read-Only Memory (ROJ.:)
Programming Characteristics.

ROHs are programmed usually as one of the final steps of
their manufacture. The links are simply gaps that may be brid~ed
by a final-metaJization pattern that 1ie placed onto the circut
according to the desired information to be prol7ra.rn.medhis is
done with a mask that dete~ine~ the pr~ciRe natt”,rn, w~ich 1is
custom-mane foT a particular appJ.i~2-tjon. 'rhe mesk js expensive
to U"akebut may be used to prop;ram any nllmber of ur.tis. So this

type of rtorf, iE best suited for MaSS production.

An example of this first type of ROM unit usink pn junction

1
devices 1i1s shown iIn Fig.2.1. A diode 1is provided for each bit
location 1in the unit. As can be seen a gap occurs in each path

between a d:.odeand the common line for a column. A value of "O"
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Fig. 2.1 Circuit for a mRsk-progra~-med pn

junction read-onlJ memory unit.

is programmed into a psrticular bit position by bridging

the correspon~ing -~ap, othe~"ise, the value of that bit is 1.

From the fi,ure 2.1 i1t can be noticed that the co~~on
line of a column 1is normally pulled high by c resiSoor and
that only the select line corresponding o0 the specified
address can pull it low. If the gap to the diode connected
to that select line is left cpen, then the common line remains
high, corresponding to an output of "I ". If the gap is closed
on the otherhand, then the co~on [line 1is pulled low by the

select. line, corresponding to an output of "Ott



2.'1.2 Progr&-~::abJ8 'te'old-CYIl v JsmOn" (P.iOl-1):
Pro&™rGL:f"linP." Charact eri  Etjcs

This tvpo of nON can be p~8rrDm~ed one time by the user.
It bas eenp.~clly a li~~ that. after manu~a~ture, can be alteren
one way, eil~her from cJosed to open or vice verse. The most
common way of Ooin~ this is to make the link fro~ a fusibJe
metal, such as iliCY, whic!; can be seJectivAly "bJol'ln™ (i.e.,
open circuited) by supplyin?, an ext8rnal current of sufficient
magnitude. Jn ey.ampls of such a RM~unit is shown in Fi.<mre 2.2.
The unit i1s similar to the previous example of a pn junction
ROE unit, except th?:tNiCr fuses are placed across the 1";apsand

that there 1is provision for each of these fuses to be blown.

There are t-,;d.lodesof opera'tion for this type of ROITI:
1. Read moce

i1i. Program moce

The mone at any time is determined by the value of the

power-supply voltage VCC' For the read mole, V iIs placed at

cc
its normal value (e.g., 5 v); for the program mode, V.. 1is
raised to hi~ber volta?e (e.g., 10 V). t thresbold circuit is
connecteo to vCC to flene~B.te the siPTla} 12.bler3 '"ReB.-: Eorlelt \vhjen
is Joaic-1 when the ROI"Unit 11— in the ;-es:~mode of o-cer2tjon.
T~is signal, Rea~ Vade, 1is usel 1in conivnction witr. a~ external
sip:nal, Chip Enable, to affect both th™ enablinv of the ra,,-

|
seJect lines an:1the enabling of the ou,"tDlldata lines.



Chip
enable

Fig.

Va-
~i-er
FUSE OTIIER
Row O COLU~INS
m s.eleCl
d line
L;
5 Row |
= Ay select
m line
m A,
<I
~Row 2" - 1
seh:-ct
n line
C
m
"Select
enable
Data
line
OUtput enable
Read
mode Output
3-STATE data
DRIVER
THRESHOLD
GATE
OUtput " I
if r'ee <75
VOLTAGE
SENSITIVE
SWITCH

(Closed if V 2::7.5)

2.2  Circuit for ~ fusble-link pro~rammable
only memory unite

read-



Re'l6 -code: - In this moe the row-select line s behave presi sely
the Same™:"™:las in the precedinp” example of a pn junction RON.
As can be seen in Fi~. 2.2, N_~,Dgates are inserted into the row-
select lines. The second input lin0 of each of these WN\.AND gates,
which is driven by the ORof Chip Bneble ?~d the sifnal Read
}~ode, will be at 10f:ic-1, since ?ec,ij )"oae is at logic-1. In this

case the NAIl':yates simply invert the decoller outputs. The rov'-

select line corresponiding to the specifiec address is at logic-a,
and all othsr rOK-select lines are at lop"jc-1 .
If the fu"e is intact for a column aDd the “electe" ro1\".

then the (lat,” line for that column is forco~ 101'7(J o.c-¢-O):

other":ise. the oet” line is nuld en r.irh (I0p:ic-1) b)7the p'21J-np

resistor. A 3-state driver js used to couple each column data
line to an overall output line labelled "Output -Data™. These
3-stat e drivers are control led by a sifnal labeled "Outnut Enable",

which is the t—Dof Chip Enable and the signal Read Mode.

Pro~rammoae:- In this mode of opeY2~ion,Vee is raised to
a higher voltage (e'b" :0V). fhis affects the circuit in several
-~~ys. It crrusee the signal ~eadmode to go to Blo~ic-O,which has
cwo effects. First, the signal Select En~ble is made to depend
upon the exterr-al signal Chip iEllable, thereby making the row-
selece line correspondinc = to ~he specified address to be 10sic-O
only if Chip Enable is 10£:ic-1'. Second, it causes the si"11lal
Output Enable to be l0?ic-O, which disables the 3-state output

drivers independent, o~ the value of Ch;p Enable. In ad~ition
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and most impo:,tan''t, the :r'o";-se~ect lines that do npt currespond
to the specified address are raised to hi"h",r wvoltage (".g.10V),
since the gate,s thai; drive -;;hemuse -;;he pOHer-supply vol ta”e Vcc

cO determine the 10fic-1 volta—e level.

To cause a fuse cO be blown, the desired address is specified,
the Chip Enable line is then activated to enRble the row-select
lines, Rnd then a specified current (approximately 50rrA) is

~u.pplied from 11 current source to the anpropriate Output Dqta

line. This current passes through a volta~e-sensitive switch to
the data line of +'he carres"oncing column. The switch is a special
circuit that closes when the "oJt!':...,.eV applied b:vthe current

source exceeds a v,cJue soroe.lhat hip-her than the maximulT10,:-ic-1
level of 5V~he applied volta~e will be su:ficiently hi~h if
the specified current is made to now. Once past the switch,

the applied current flows through the fuse and diode that are

connected to the row-select line that is low (logic-O). All
other row-select lines are at approximately 10V alle).therefore
draw an insignificant amount of applied ourrent .. I,fter a short

time the current causes the fuse to melt a"V12.¥Ywhena sufficient
time has passed cO allow for this, the ~hip 3nable line is
deactivated. The process may then be repeated for other fuses

that are to be blown in the Hame1'0"™ and then fo::" other I'm,s. J

2.1.3 Erasable Programmable Read-Onlv. Memory (EPROM):
i I = . ‘,

1'h", third type of read-only melOry unit, which can be proPTa-

mmed, erased, ann reprogrammed, is refferred to as '"",rasable



pro€ralTIffi:::.ble rea—-only T7iediory ¢« 0~ in short 3PROj~L Trd s type

of unit gener2Dy T!"akesuse of a Jink that can be pJpcen on

one connition (say closed) on ~ selective basis and into the
cther condition (say open) on a col] ec'"tive basis. Frol""rall”_ming
such ~ unit consists of first placi."1£a11 links collectively

into a specific conch'tion. ",hich amounts 'toerasing any previous
information content, and then placing desired Ii."1ksinto the
opposite state, one at 2 yl:lee.

1, note.ble example of a link that 1is used in EPROH units consist~
of a special type of MUS transis"tor havin~ what 1is called a float-
Inf £8te. A fTlpecif"icform of such a t::-ansistoris that of a p-
channel normally-off  (enhancement-mode) ~0S transistor ",ith its
f"2€ electrode surroundod by insulation, as sho.on is FiR. 2.3.

The vate has no lead attached to it but may. however, be made

to acquire a nel""ativecharge, as will be seen. \fuen chari®"ed
ne~atively. the -~ate induces a positive charl™"einto the ch~nnel.
just as i1t would 1f a nsvative Dotenti2J with respect to the
substrate were applied to the p;ate. \litha positive charr”e in the
channel the tr~nsistor 1is conductive. On the otherhand. 1if the
gate has no :::e::::atofa.rf.e.theD no positive char,ge is induced

in""tothe channel and the transisoc~ 1S not conductive.

Negative ch&rgi is supplied to the gate by injecting electrons
from the drain through the insulation to the gate. This 1is done
by applying a relatively high positive voltage to the source with

respect to the drain.
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The rE:sulting electri ¢ field incl.:c"sa r"la"!xely hi,o;h

positive volta~-e on the gate wit~.rpspe~t ~o the drain.

GATE
Insulation

Source -
Drain
P Channel P

n
Substrate

:Pig. 2.3 Floating-gat e FEOS enhanc ement-mode transistor
for EFR0" uni ts.

Roughly speaking, this voltage causes a breakdown to occur
at the junction between the drain and the insulation, resu~ting
in a flo,: of rather energetic electrons from the dralL"l into the
i~sulation. ~2ing to their ener-~etic state, the e~ectrons are
able to drift through the insulation to the gate electrode. This
electron clls..rQ'e en tho ~8te v:ild. re~2in there almost indpfinitedy
IL."11ess specii'ic2.]]Y r~-mo\Ted. Ch?T&™e is r~;n0,re"l from the p'atp. hl:

irradia ting the area vti.th 1;1travi()l et. = i£""'ht, "FI'lich im78 rt' s suf'fj-

cient -ne:!!"0.Y to each elect~on to "irinf* it into a con"~uctiv— ener-=1?

band in the insuJation. .°he ~lect:rons 9.r—then ablJe to flo"T away

from the 1";ateowin~ to their mutupd reDulsion.
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be structured in a mB.nn~r similAr 70 tre DY'ovious exa-p] e of a
I~0sNOE, .3 cr: ars  si-(0%m gz 1;™i--.2.1. Tn tl:iis casp, e2cl1 I''Flp in

~he unit js ~rifpQ~with on~ o~ these ~Joa~in~-—atetransistors.
1 addi tion, circuH:::-yis inc.Indei thet ellows eaclo :""loatinp:-gate
transistor to be selected ™"or 8pplic2tiorr o~ the necessC"ry voltaQe
to charge the -~ate. 1his seJection nrocess involves the address

and output-data lines.

To program the resulting EPROrl, all links are first opened
(corresponding to logic-1) by irradiating the unit with ultraviolet
light of sufficient intensity and duration. Then, for those bit
positions that are to contain logic-0, the corresponding links

are closed one at a time.

2.2 Erasure Characteristics of the EPROMS

The erasure characteristics of the Intel 27-series EPRONs
and thE. E:OROI"jsiithin the 8748 8: 8048 micro-comput er chips are
such that erasure be~ins to occur when exposed to li~ht with
wave lengths shorter than ap~roxim8tely 4000 An~strom (~). It
shou.le be noted that sun]it:"ht ana certaj ~ tynp~ of f}uores~f?!It
lamps have wavelen~ths in the ">000-4000 ~ ran~8. Dat3 show that
constant exposure to room level fluorescOnt 1iJThtin,"could erase
the tvmiico.l13?R0I":sapnroxin”,telv in :;.yed.rs,rr..ilét ; - ;ouldtake
approximately one week to cause er3sure when exposed to direct
surJ.ight. If the EPRO]\Isare to be exposed to these types of

lighting conditions for extentei periods of time, opaque labels
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are availL:ble ,_lhic!sfJould be plac”d ov(~r t!I'" chip win"low to

prevent unintentional erasure.

~he recolT@ended erasure procedure for the EPRO~s 1S exposure
to shortwave ultraviolet lightwhi ch has a wavelength of 2537~.
the integrated dose (i.e., UV intensity X exposure time) Tfor
erasure should be a minimum of 15 w-sec/cm?. The erasure time
with this dosage is approximately 15 to 20 minut~s usin~ an
ultraviolet lamp with a 12,000 jAV/cm2 power rati~g,. The chip
should be placed vithin one inch of th™ lamp tub~s rlllrinperalUre.
Some lamps have 8 ~iJter on t~eir tubes which should he removeO

belore erasure®.
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3.1 Basic hie:l"ocomnuter Organization

A microccmputer is a bus-oriented system of subassemblies
that are implemented utilizing the tecrillologyof LSI. }Ufictions
of these subassemblies provide for manipulation of information,
orderin~ the sequence of instruction execution, interpretation
of instructions, control and timin!: of bus operation, storage
O: instructions and data, and communicstion between the compu-
tel” and the external environment. The Tfirst four of these
func,tions are froquently hc"JInlodby a sinp"le subassembly known
2.8 a microprocessor. The stora.o:efunction 1is handlod by a
memory subassembly. This subassembl,v may consists of ROM and/or
RAH. The extern,,] communication 1is performed by a set of sub-
assemblies known as input and output ports. E<Ichport provides

an interface between the microprocessor and some external device.

Fi~re 3.1 shows the -~eneral layout of a microcomputer and
F*1".3.2 shm,"s the basic blocks of an 8-bi t microcomputer “system.
£he various bases which connect these blocks are also shown.
~i1"hereare three buses:-

1. ~he address bus

»2. The data bus

|].3 The control bus
These buses lccnnect the microprocessor (CPU) to each of the
ROM, R~; and 1/0 elements so that information transfer between

the microprocessor and any of tho other elements can take place.



the control unit

Main memory

Reoad-aonlb.
P4

memory (ROM)

Random access
memory (RAM)

~.External-bu ses:--
.,Iddress, data. and _

confrol lines
—YO | Device—|
device interface

L] L]

L4 o

L] L]

1
1/10 Device

device interface

127

Cemral processing unit (CPU)

The ciack
Control uoit Control
Program counter memory
Instruct ion register
1 A
Processor status word
|
Stack poimer
]
") -
— Bus Working Arithmetid
control registers logic unit
(ALUI

Internal memory or stack

Fig. 3.1 General layout of a nicroco~pu-er.
Note: The r/U aevice may be the !.'?'yo02r:: (] nput.),
video  displuy (Gutput), natj0j]  Proara:Imer  (Output).



Address bus

| Data bus

bu

_I | I | cone'01

Microproceswr RAM ROM 110

Fil":.3.2BJoak Diap:r l.6Fia Tvpical i1hcrocompu ter

Address bus 1is used lor transferrin~ information from
microprocessor to memory or 1/0 elements in one direction
only. ~~en the microprocessor -~ants to transfer information
between 1itself and a certain memory location or 1/0 device,
it generates the 16-bit ajdress fro,,.,an internal re,;:isteron
its 16 aUQress pins Ao - Aig, Wwhich then appears on the address
bus. These 16 address bits are then decoded to determine the
desir”,d memory loco.tion or 1/0 device. The decoding: process
no:-mally requires  h2rd.n~2.re (decoder).

~he dat~ bus is a hidirectional bus. In 80E5 microprocessor,
the! 8 data Dins arc used to Rand lower 8 address bits 1in addition
to data. That is the nata pins il.rctime-shareo or multipl exeilL
When addreRR bits are sent the address [latch enable (tJB) pin

becomes HIGH.



The cQn~,rQl bUG cO:"lIsists of " number of si.mals that
are used to synchronize the operation of the individu21l micro-
computer element. I'he microrroceRsor sands some of theRe
si"nals to thp othfr elements to indicate the type of operation

being performed.

3.2 The Intel BO08S ~icroprocessor

The Microprocessor is tho CPDo~ tho ~ic~ocomputer an~ Iis

thf' combination of control unit an" arithmp,tic and 10£'ic units.

fherefore, the power of the oicrocomputer is deterT>ined by the
capabilities of the microprocessor and its clock frequency
determines the speed of the microcomputers. Microprocessor
consists of logical componellts that enable'it to function as
a programmable logic processor. Some of the components, Ii.e.,
the program counter, stack and instruction register, provide
for the management of a program. Other components, i.e., the
ALU, Carry flip-flop, scratchpad reaister and data-address
register provibe :"or the manipulation of data. The rer:Ja.ining

COl!lpo~ents, 1i. 8., the deco~e:r, timinp'"" and contro] unit specify
and coor'ninate the oper::ltioll o'~ the other components. Interna.l
pathVIZYS iTlterconnect the components to ~royid e for t.~'p.nsf'errinr
data betw~er.-~esirrne~tei co~ponents. ~onnection of the ~icro-
processor to other units (merory ann J/O deyic9th is ~one wijth

the address, data. and control buses.

3.2.1 The 8085 Architecture and its_ Pin Function

Intel 8085 8-bit microprocessor is housej in a 40-pin

dual-in-line (DIP) packa'e. Pi". 3.3 shows the Intel 8085



nin dir~!"""r8..mand Fj~.3.t~ ~ho"'s t.he " -~n~tj_ons.| bJock ei~""r~~

of the InteJ 80r5 ~icro~rocessor.

X, 40 Vee(+5VI
X, 7 39 HOLD
RESET OUT 3 38 HIDA
500 4 37 eLK IOUT)
SID ; 36 RESET IN
TRAP 6 35 READY
RST7.5 7 34 loiM
R5T6.5 -8 33 5,
RST5.5 9 37 AD
INTR 10 31 WR
8085
AINTA 11 30 ALE
AD, 17 29 So
AD, 13 28 A"
AD, 14 27 Aee r
AD, 15 26 A
AD, 16 25 A"
AD, 17 74 A"
AD, 18 23 A"
AD, 19 27 A,
Vss 20 71 A

Fig. 3.3 Microprocessor signals and Fin Assignments

The intern~l organization or architecture of the Intel

8085 microprocessor is briefly discussed below.

It has a 16-bit proeram counter and address [latch which



Figure '3.48085 Microprocessor  Functional Block'Diagram  (Courtesy of Intel Corporalion)

L

SIO SOoD
u B-bit internal data bu~
11 181 C B | 1 | s
Instruction Reg. Rpg.
Arithml'lic decodp-r 0181 £ 181
logic I’(]:I Reg. R'9
unit machine H— T3 T 15T | R
Rllgister
(ALU| cycIP: R I R = arrgi’se
fBl encoding Stllek pointer (161
Progrilm counter 1161
Puo';/vler ['+5\G/ d Incrementer ldecremente,
seply - Groun adnrm:s latch 1161

Timing lind control

I
X | Clock Direct memory Resat
X~ genNtltion Control Status access J i

ADo-AD?

Ag-A 15
AddrMsl!dalll  bm

11V Address bus



feed the dedicated address bus (J15 - AS) and the dual purpose
address/d~t~ DUs (AD7 - ADO)' parallel data 'enters and leaves

the YLPWia tr'e multiplexed address/data bus (AD7- ADO)' The
adiress/dccta bus transmits an address when the A]E control line

is HIGH and data ,[hen the ALEline is Iml

The S-bit internal d~ta bUR carries innut or output data

thrOUi"lOut thp unit. The data c,o flO1" from the internal <'lata

bus to the S-bit accumulator or tempor?:y re—ister. fla~s.
instruction rep'ister, int errupt control unit. seri ,,1 1/0
control IInit, any of the p'eneral nUTnose re—~isters (B.C.D.E.H
and 1), 16-bit stacl<:' pointer, 16-bit pro?ram counter. or e-l:it
data/address buffer. The arithmetic-logic unit U.LU) is being
fed by two S-oit registers (accumuldator and temporary register).
The flag flip-flops have five status indicator'as shown in Fig.
7 6 5 4 2 0
!
Ac X
Carry
P?rity
Auxiliary Crirry
————————————————— Zero
Sign

Y.= undefined (could be O or 1)

Fia. 3.5 Format of Processor Status Word

instru~tionre~isteT f~ed8 instruction ~eco~ler.
This instruction decoder internrets the current instruction

and deter~ines the microprogram t.0o be followed or the machine



cycle “mcooinf®._'I'rl(" Einstructi on ceco""."rth"?n instructs the
timinp and control section as to the sealUeLJe of events to
be folJoWPQ. The timin~ and controJ section coordjn~tes

actions of both processor and the peripher3.|I.

The RD pin si.!Tnalis output-tee 1,00: ,4urinla memory or
1/0 READ oper”.tion. Simil c.rly. the iR pin sil"nal is outputted
r,0'1 durinl®'a memory or 1/O \;ultE. lhe 10/M si""nal 1s outputted
high to indicate an r/o operation and 1is outputted low during
a memory operation. The 10/M, Eb, and 3, are outputted during

its internc;l operations as shown in Fig. 4.2. (Chepter-1V).

In the present project we have e microcomputer with the
16-bit address bus, 8-bit data bus, and with the necessary
control ~ignels (lORD, iOWR). The designed EPROM programmer
IS Interfaced to these buses. The interfacing de8i~s are

described in the subseauent Chapters.



In rerard to microcomputer systems, interfacinr can he
separated into two areas of concern. One areu involves the
conJlection of the components, such as memory units and input/output
re,~sters, to the buses of a microprocessor. Such i1nterfacin~
is primarily concerned with the timin~ and control of the buses
=d selection of 3 component so as to effect 3 data 'transfer at

a given "time betvreen the selected component and the microprocessor.

fthe o'"ther area of conc~rn involves interfacing components
external to the microcomputer, such as peripheral devices, data
channels etc. Such interfacin8 does not directly involve the
buses of the microprocessor; so it is less structured. It is
concernpd with converting signals associated with the external
co~ponents, which mi~ht be of any nature (including analog),

to signals compatible with the buses and vice versa.

J~ innut or output operation 1is The act o~ tr2ns~errinr
da7.f~to or fro™:"J2 select'?~ ~e~in—~er31 :3e™lr.ce. The rni~-rol)rocessor
is the focus of all ope:;ation, so 2.n jnp'll-: 1-rill me3.n data flol'lS
into the KPUwhero8-S .3n CDtput ",rill rrean eat:t fJcriJ8 out of the
ETU. Those Iloc~8.tions ,.;here Jat2 is ilJpu"t from or outDut to are

Ilsually called inpl—tO:" output ports.

From the 8085 1ins'truction sets, it appears that it uses
the IN and OUT instructions for transferring data to and from
1/0 ports. These da"tHtransfer iInstructions are illustracpn in

Fig. 4.1. The output instruction 1is r~presented by OUT mnemonic



in D..ssembly Jan.c;ua.rre proarF.1m, v.rj~~ trc> i—put instruction usee"
the I11Jmnemonic. The instruction formats for these operatj ons
are also reproduce:"! in the Fi~. 4.1 showin~ the opcode Tfollowed
by a :"le"-iceumber or port Flddress. The byte lon"™" Dort address
can select one of 256 (28) ports. Kostldy ~he most si~nifioant

8 address lines (AS - A15) are used for the port address.

Output instruction Instruction for mat

(0UT)
Op Code
Port address A . 1>1icro-
"processor
8
Port 1/0
address writ e signal
Input instruotion Instruction for mat
(IN)
Op Code
Port address j--ticro-
processor
Fort
a"ldressl/0
read

Fig. 41 110 operation of 8085



Fig.4.1 also sho-,"st."0&G.ditional ou-:;putcontrol sirrlilJs
added to the microprocessor. wben usins the OU~ operation,

a special input/output write (r/ow) sienal is used. The rh
operation also requires the use of a speci2~ output signal
called input/output read (r/0OR) siGnal. Both of these output
signals are active LO\{ signals and are ilJustratec 1in Fig.4.1.
:rhe status of the So" S1 and JO/M pins during vp.rious read/

"rite opprations are sb0l,nin Fip:. 4.2.

8085 _control _sip-nals i
Function
rO/N 3, So
0 a 1 Nemory write
d 1 d Nernory read
1 a 1 rlo write
1 1 0 1/0 read
d 1 1 Op code fetch
1 1 1 Interrupt acknowledge

Fig. 4.2 Control S~nal table for 1/0.

The data transfer using the IN and ODT instructions are
cJassed as program-controlled 1/0. yrofram instructions are
contrcllin€ the tr::;;n8fer of nata during IN and OUT operations.
Program controlled 1/0 1is divided 1Y".torio techr;iques:

i. Standared J/O

ii. Memory ~apped 1/0



The rnemOl"y-m2ppea 1/0 technique i— the most corrnon an— .

cnn be usp~ only with microprocessors th8t have 8eDgrn~e I~

and anT instruction”™ as in the 8085 micrOprOCE"2POr.

It 1s COf"Imonto rofer to an output as "3.noutnut to a
perihersl r"levice".In actual Dractice however, the outnut
~rornthe microprocesso~ i1s not ~irect]y to a neripher8J ~evi~e
but to a ~eMory device -~hich stores the data for the neripneral
unit. The intermediate blocks 1in FiR:.4.3 are the memory dovices
known as "input interface adapter!l or "Qutl:'ut interface ada—ter".
It is common for 1/0 interface adaptor to have characteristics

other than memory also.

| LO Dolnter °0
Hlicro- -

. " face Peripheral

A processol E)? D a"apter
| 15 7 07 Device
—HoRAOW—————
|
|

Control Tine

Devic select line [}- CE

Fig. 4.3 Connection with microprocessor of the peripheral

EPROI; to be prof£T"".mmé houson in the 40-pin socket. The add ress
neconer topether with the buffers and latches fo~ the output
interface adapter tr~cugh which andress, data and control sinPnal
pass to the 3PRO~. The buffers with the decoder fomiT the “input
inter78ce adapter® through which data to be read or verified 1is

input to the microcomputer (Fig. Chapter-Vl).



5. i Col'lparDtive Study of th~ Intel APWT's

The EFROP'Programmer can b~ used for pro!lrammi_nf! the

i. 16}: (2k x 8) TnT Erasahd e PRO": Tntel 2716
ii. 32k (4k x 8) IN "r:sabl e I'RO): Tntel 2732
iii. 64k (8k X 8) UV 5ra.sable fROT.: Int",l| 2764

iv. 12Ek(16k x ,,) UV Erasable Pita).;: Intel 27128

-foo]] o't]i:r'C-

v. 1k x 8 PROMwithin the Intel 8048B single component

8 bit microcOl'l-uter.

vi. 1k x 8 PRO]J'A-lithin "the Intel 87~8B sin <"le-chip
microcomputer.

A comparative pin diagram of all the EPROMsis sho~~

Fig. 5.1. Individu8 pin diagrams, block diagrams and logic

in

symbols of each of the above EPRQj.;sare Riven in the appendix.

5.2 27-Series = EPROMOperation
The EPRa~sh2ve the fe~tur~Ro-f'f———8ianle-address

location

progrmmin~ and have, a~ access time from 250 ns to 650 ns and

is irleal for nge with the hi.c:b-performance Mmicroprocessors

4

block diat::'Tam is Rho\-.""!}71 Fip'. ").2 to repY'Psent the 27-serles

EPRor~Ise

I
31 the fTlodes are hriefly iliscusser'l T)~lol1>"\-lhieh Kill be he~)1ful

in the hardware desi~.
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both of which must be satisfiej 1in or6~r to obtGin data at the
outputs. Chip Enable (eE) 1is the power control and should be used
for device selection. Output fuable (OR) 1is tI'">aeput control
and should be usen. to ""ate data to 7.heoutput pins, inilepennent

( D(TA OUTPUT S __

Ittt"t

C-.Ill
Output Buffer
A B
D Y-gating
D Y-decoder
R
E
S
S
| Cell matrix
N L]
P .
U X-dec order
T [
S

Fil,:, 5.2 BJock diag-ralli of ErROr.;s.

of device selection.

5.2.2 standby ~ode:- The 27-spries are nlaced in the standby
mode by applyinl®;a TTY. hillh si"nal to the CE input. "Men in
standby mode, the outputs are in a hi~h 1mpedance state.

indenendent of 6E input.



28 pin cO'1lfirur2.tion: ET'10Trsv,i)) be house” in the
lo=er——side—of—socket).
~Pins CE/PGFI | PGJ-:T OE/Vpp V Vv Vv Vv Ou-:puts
, (20) 27) PP ce cc P 3
}jode I'ype _Of (22) (23) (24) (28) (1) 15-19
EPROI"1s
| 12716 VIL SRT] +5 S -
12732 = — 7 - — -
repp  12732A— 'L —— "IL 2 5
out
2164 v, |V VL - - ¥5 45
218 Vi VHR—YHS Py
?ﬁh | Ve — X F5—— +5 - - =
2732 _ - _ -
sTuiD- 27324 | VIB X | 5 Higb Z
BY 2764 — Vig X X —— 45 45
27128 T X X - - +5 +5
2716 Pulsed VI|I,- VIR +25 45 | - -
127'52 \ 25
FRD- Y - +5 -
| EnDy [272A_— 'IB __—__01 bin
2764 _| ViL A[ﬁ,_ Vig = - +5 +21
zrze—_ Vy  [VIT, VIE = - w5 +21
2716 —| V -V +25 |45 - -
o, 25 = ik =V
G?.AH 12732 =y L, N _ Dout
| VE2IFY 273z | L I V.._ — 4
2764 | Vyy i o | 45 21
127128 | VL L — VN - - AR,
PRO- 12716 | VL - V”_ +25 +5 - -
GRAr, 12732 | _ |25 _ _ _ i2:h
INHIB 2732 | —1B 24 ™
IT"
2764 £ V:IH X —X = 5 | o1
27128
VIH X X - - 5 21 \




Contd. 'l'eble 5.1

1. X----- don't care

2. Exceeding 22V on pin 1 (Vpp) will damage the 2764 and
27128 while program~ing

3. In the program mone the 2732A OE/V input is pw.sed

pp
from a TTL low level to 21V (25vV for 2732). Exceeding

22V vlill  dgrn'vled the 2T52A.
4. Vec must re~uin within 5 + 5~ Vo-~ts.
5. Vi~ = Input low voltaue = 011 to O.BV
6 VIR = Input hi~h voltage = 2V to 6V
7. Vec must be applied simultaneously or before VIDIO and

removed simult~neously or after Vpp



5.2, PrOF-ram Inhibit =~ Hode:- Prol'rarlC1lirlf, of multiple EPRO1';~1
in parallel Jith  different dat.a is also accomplished. Except

for cepGr1 oOr ce or CE (or PGHull like input s (incl uding DE)

o:f the parallel 27 -~PR('l'lsmay be common. An active si.o:nal

to the CE pin of a particulp..r EPRONnwill pro/™ram that EPRCJ:-i

and others are inhibited froM bein~ pro.o:ra~med.

5.2.4 Prorram Veri™y =loc5e:- P.verif'y shoClld be performf>i\ on the
pro.o:r3ml;]Odbj ts to detercr,ine that they ,'ere cor"ectl.v proF:rammen.
The verif'y ripv be nerflor~"or. with l‘]pp at 2V (or ?1v as the case
may be). In cisp of ?716 VIOIO should be at "W except nUTinp; TJTO-
~ramminrr and prorrram verif'y. In case of 2732, ?764 & 27128 the

verify is accomplished "i th OF & CE at V“_ with PG}lat VIR"

5.2.5 Program—inrr =ode:- Initially after each erasure, all  bits

of the EPRQj'lsare in the "1" state. Data is introduced by selecti-

vely programming a's" into the desired bit locations. Although

a's will be programmed, both "1' s" and "0's" may be present

in the dat2 word.
a. Intel 2716 3PROJ1:
The 2716 is in the prop"ra~ing mode when the power supply

Vpp = 251 and

TTI' pro£"rr,fl nul se is app] ier. to ~he ~ /PGJ"input.



b. =h8 2732 E?RO-s:
The 2732 & 273~A &1 2 in ehe pro~ra~T.in~ mode when
QENpp = 21V.
When the address and da~a are stable, a 50 msec, active-low,
TTL progr~m pulce is applied to the LI input. The 2732A must

not be progr::mmed Ilitt ""DC sif-llabpplied to the C3 input.

c. The 2764 & 27128 EFR0J.1s
The 2764 & 27122 are in th"™ pro £'mmin"S mon& when

Vv =
op 21V

CE = PGH = VJL
For progr?1*Imin,qCE should be kept TTJ 101>at al2 times while
V is kept at 21V. ,fuenaddress and data are stable, a 50 msec.

pp
active low, TTL pro~ram pulse is applied to PGM input.

For all the above EPROMs the data to be programmed 1is applied
8 bits in parallel to the data output pins. "lI"hde."els required
for the ~ddress and data inputs are all TTJ" A p~ogram pulse must
be applied at each address location 'O be programmed. Any location
can be programmed at any time-eicher individually, sequentially

or at random. The program pulse has a maximQffiwidth of 55 msec®.

5.3 Pro,gramminiCof 8748P.& 80488 EPRmfj
The proFra~~in~ process consists of:
1. activatin,g the program mode
1i. applyin? an address
iii. latching the address
iv. applyinp” data

v. applyin~ urogram pulse.



Each word 1is proGrammed completely beoore moving on to ~he next

End is follm.ed hy a verification step. The follOYlinf"¥s a }ist

of thp nins used for nro~ra~min~ and a description of their

functions:
Pins "U.nction

XTAI 1 OJock input 1 to ."MH

Reset Jnitia]i~ation and address latchirR

"[est O S",lection o1 prop-ram or Verify mode

EA Activation of Fro~ramtverify mode

BUS Address and data input,data output during
verify
Address input

Vpp Progr®ci=ing pO\fer supply

PROG Progr~m pulse input

The program/verify seauence 1is:

1.

VDD - 5V, clock applied or internal oscillator oper~tinR

Rosp-t = OV, 1ESI' 0= riv, 3t- = 5B\T, BUS and PRO{} flo s.tinl]",

F10 and F11 must be tio~ to rround.

Insert 3748H i1n nro~r2.mmjn~ socke~.

. TB~T 0= OV (select ~rop"ram mode).

EA = 12v (ac~i1v3te~ro~r—~M~ode)

Address applied to BUS ann P20 - Fo,.

. R3SET = 5V (latch address)

Data applied to BUS



10.

11.

12.
13.
14.
15.

\Y = 21v  (pro~rRmmlna

nn

nower)

PRor; = (1v fo]] 0""8(lhy one '30 ms"3c pu] sa to lev

Van = %V

TEST O = 5V (verHy mo""le)

Read and verif.v data on BUS

'fEST 0 = 0Y

RESET= OV and repeat from step 5

Programmer should be 2t conoitions

the EFROI"isare removed

:from socket.

of step 1 when



CHA?1'3R - VI

6.1 FEunctional descrintion of EFRON Pro~ra~~er

A simplified block diC"aram 0J t,he 3PROH porgrammer 1is

sho™'n in Fir;. 6.1 ane. consists 0O: the follo"~inp;major blocks.

a. The address decoder (P):930)
b. The 11In data buffers (DkBIj?)
c. "J"heexnansion buffer (EX3UF)
d. The address latches

i. Lo~er address latch (ADL)

ij. Hicher ac.dress latch (ADF.)
e. "~"heciata latch

i. EFRQLI data. latch (DR)

ii. ~rinter data latch (PRT)
f. the control latches

i. Port controlling [latch (PCR)

ii. E?wWLlI controlling latch (CR)

1~e address dReoGer 1is used ~o Relect the address, data
and con~rol latches and the /0 buffE"2'S 2.NC. the expanRion
bu:'fe:l... J.the E& ~6 BF (Hexad.ecim:..I) adcy"?ss rangA is used by

the address Oeco—~er fnr the selection nurpose.

I'ne J/0 ijate! Buffers are uso- "f"or tr8nsT errin<r 0atEO tc and
frOm the ™,icr,ocomputer. i1"he exnanoion buffer 1is resprve®:1for

future exna~8jcno~ the 8yste-~.



- 3?2 -

V
" AD3
_ | _ fI‘O. latch
3XBL1I_:
s FUFF- ~ =
II=p er \— >
IV I\'ias-
'DI- ter
R * latch “BIRON
DABUF |
I\]av%. | P -
fuff{ ~ | == v ~
—_er _ | ~ II
——— DR P
~  latch
Aok l'ADDE - A‘Il Slave
e Deco- -— - O __BPROM
—— (R
v latch
0J
= —_
== 11
—— . PCR
—= v Tatch
- !
i~ |
FRT \~/ rin-
v Data ) [ter
latch

Fig. 6.1 Block Diagram of EPROM Programmer
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The control I-#&hes are use;~:for sendint;S various sign2-~s
to the EPRO~:sfor ~he mOle ~elections and also for controllin~
the rerr.aininal&tch™,s. Control lines are pro;<,;ram-controlled
so that thE; In"t",IEPROI.jseries (2716, 2732,2764, 27128 etc.)

can be programmed.

The data latches are used to latch the data to be programm-
ed and upon receivin~ output control (00) signal they s nd the

data to the desired location.

rhe addrpss latch?s are used to latch the address of the
Joe ation of the EPROM to be DrOp;NUnlDcd and upon reCeivim,. the

ou~put control sisnal they put the 3d~resson the desired pins

of the EPROM.
6.2 Detail Ciren it Diallram of the EPROM PrO1!NIPImer

is shown in Fir:. 6.2. The deserir.iion-of each functional unit

is .,liven be] oV

6.2.1 The addr-ss decoder (ADDECIL

There are six latches and two sets of buffers in the
designed pro~rammer. Their address are to be Be to BF. This is
accomplished with the help of the 3-line to 8-line decoder
(7418138) IC Ohip 1in conjundtion with the 2-i~put NAND estes.
The pins DA, DB* DC of the decoder are connected to the Ag,Ag

and A10 lines respectively of the address bus of the micro-

computer.



because th~ Chip En~b]eo! the ]qtc~~s a-~eD,ctive Hi~h. The

adriresses 0" <ll] th", ]qgtche~ "n'~ —11Tfe]"s 'lfe given in Table 6.1.
Table Ff.l ~ddress—ofthe },2tches
81. No.| Name of the latch/Buffer | Address desip;nated | cis/ oc(:Bti frer )
(in  hexadecim9.1) COll."1ec-
decoc.er pin
1- I/0 Dat2.. Buffer( :JABUFI1&
DP.EUF2) BS yo(Pin 15)
2. Higher address la'tch(ADH) B9 y 1(Pin 14)
3. l.ow eX' address latch(ADL) Bli Y2(Pin 13)
4. EPRO»! Data latch(mt) BE Y3(P:in 12)
5. :SPROE controlling latch
(CR) BC Y4(Pin 11)
6. Po~t con-.rol I=s* clo(P"~" BD v (in 10)
7. Printpl' cst?. 1&tch(PRT) :BE Y6(Pin  9)

8. Ezpe.nsioTJ. Bu~fer(SX:RID) | g™ IVER VA 7)

If the CE pin of a particular latc~ i~ HIGH. the cQn~ents
of the data bus wi]] be latche:] in the re,Aster. The 03 pin "~iTJ
be HIGH when the specified latch is addressetlj. 'This dat,: 1'Till be

out-putted only when the output control (0c) pin is LOW. This OC

pL"1is controlled by the port control  register (PCR).
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Using this decoder the following binary format of the

high address bus (Fig. 6.3) may be used for address seleOtion
between J3"%0 BF.

Selection of address
(connected to D,,D

D' pins of the ATT3
Hi38 chip

Enable the 74"38 chip
F1g.6.3 Addressing form3t of the address decoder.

The decoder should be enabled with the above address only

during input/output operation i.e., when I0R = O or 10W = O.

The decoder for decoding the address has three enabling pins,
Eq, Eiz,which are active low and E, which 1is active high. The
decoder will output LOW at one of its 8 output pins depending

on the value of DA" DB" DC inputs when all three pins E3_, E:Z
and E, are activated.

The input to E3 pi."Ks frollthe output pin of a NAND ""Sate

whose iInputs are A and A2 lines of the address bus ana that

to E2 pin is from the output of another NAND gate whose inputs
are Ajz and a . lines of the address bus. So % and E, are
selected only when Aqq = 1, Ajp = 1, A13 = 1 and A15 = 1. Another
logic circuit 1Is necessary to select Eq such that E1 will be high
only when Ag = 0 and IOR = a/IOW = 0. Accordingly the input to

Eq pin will come from a logic circuit which"will follow the



its
tru7.h table and! Y.arnangh map 1invo]vin,,”the don.t cgre conditions

as ;;iven in Fig. 6.4

IOW  10r

0 d a d

0 d 1 d IORIOW IORIOW TORIOW 10RIOW
0. 1 a 1

a 1 1 d

1 a d 1

1 a 1 d

1 1 d d

1 1 1 a

Fig. 6.4(a) Truth table. Fog. 6.4(b) Karnaugh map

The boolean function of the aDove truth table will be

E, =

= A, (I0li + IOR)

= Ay, t F'OW + IOR

= Al4 + |OW.|OR

IOR

101'1)

= 114 + IOW.IOR
Fig. 6.5 Logic Circuit for the
above truth table

= Ay (IOW.l:rOR)
|

Therefore the logic circuit becomes as shown 1iIn Fig.6.5.



6.2.2 1(0 and Expansion Buffers (DABITE].DAHUF2 EXRUF)

7413244 buffers are used which has two control pins. Each
control pin controls four bits of data. The QOC1 controls four
output bits and 0C2 controls four input bits. 1-Obuffers are
used for handlinlS eil<htoutp”oingand eight incoming bits. The
two buffers DABUF1 and DABUF2 are used for transferring data
to microcomputer received from the EPROM in case of reading
and verifying the EPROM content, and for receiving data from
the microcoumpter for onward transmission to different latches
via the data bus. The address of these two bus buffers are BS.
These buffers are designed to be always in the output mode by
connecting the "Yo output of the decoder after being inverted by
the inverter to OC1 pins of the buffers. The output control pins
0OC1 and 0OC2 are active LOW.

For all OUT instructions (OUT B9 to OUT BF), the decoder
ontput pin Yo (pin 15 of 74138) will be HIGH and after being
inverted i1t will be LOW. Therefore these bu~fer8 will be always
in the output mode and data will be outputted to the data bus
from the microcomputer. The outvut pin Yo is directly connected
to the output control 002 pL~ of the buffers. So that when IN
instruction to address BS is executed only then the pin Yo is LOW
and these buffers are in the input mode as QC2 is directly conn-
ected to Yo of decoder and data from the specified address oflthe
EPROM will be inputted to the buffers and will be transmittedlto

the microprocessor. The output pin Y7 1is directly connected to

the expansion buffer (K(BUF) and here 8-bit data can only be
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outputted and cannot be inputted.

6.2.3 Ihe Address High and Address lLow Registers(ADL & ADH)

The address high latch (ADH) is used for latching the high
byte address (A8—A15) and the latch ADL is used for latching low
byte address (AO-A,) of the EPROM to be programmed. At first the
high byte address of the location of the EPROM is loaded in the
accumulator of the microprocessor. Then the content of the aCCUlli-
ulator is transferred to the ADH latch using the instruction
OUT B9. When OUT B9 instruction is used the OCl pins of the two
data buffers (DABUF1, DABUFZ);?,OWand the CE pin of the latch
ADH is high and hence the content of the accumulator 1is trans-
ferred to the ADH latch and is latchod there. In the same manner
the LOW byte address of the location of the EFRO~ is latched 1in
the ADL latch. Here the instruction transferring the low byte
address is OUT BA. The 6C pin remains high so that output is
3-stated. The OC pins of all the latches is controlled by the
port control register (PCE) latch.

6.2.4 The Data latches (DR & FRT Latches)

The data to be transferred to the location specified by
the content of the ADH and ADL latches 1is loaded in the accumu-
lator and is transferred and latched in the Data register (DR)usL~g
the instruction OUT BB. Its output control (OC) pin also remains
hiéh. The output control QOC is activated by the second bit of
thk PCR latch.

In a similar way data is transferred to the latch PRT using

the instruction OUT BE. It"s QC pin is grounded so that it is



o~ ~he latch PCR.

Port control [latch (PCR) controls the output pin (DC) of
the remaining latches. Control information® is transferred to
the PCR from accumulator using the instruction OUT BD. Output
control pin (OC) 1is grounded so that whenever its chip enable
(CB) pin 1is high, the content of"thE*data bUB 1is latch™d in the
PCR and 1is outputted at the same time. The format of the Port
control latch Tor output selection of the remaining latches are

sr.own in ""il"6.6.

X X X X ADE  ADLI DR eR

t controls DE of CR latch

Controls DE of DR Ilatch

Controls DE of ADL latch
Controls DE of ADH latch

Used for printer

Fig. 6.6 Format of Port control Ilatch

When the output Q is Low, the corresponding latch outputs

the latched data in it.
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Table 6.2 Control Commancs for Various Functions on the EFRUJ~s

i
Type of Control SiP"1lal i
Hode EPROM Bit Bit Bit Bit_Bit Bit Bit  Bijt "Hoy
7 6 5§ 4 3 2 1 0
READ 2716
MAST3R & 1 X 1 Q X 0 X X
| 2152 |
2764
& 1 X 1 0 10 X X —
27128
READ 2716 é&|
SLAVE 5732 o X 0 1 X 1 X X =
704 0o
27128 || O 1 0 1 X 1 X X —
PROGR; "1 "1
Rb.STER 3716 1 X 1 1 X \F;ulsed X X
10
HR
r‘§7§§““T 1 x 1 a4 x 1 X X |
2764
o8 T I——— 1 0 0 X X
PROGRAIT 12716 1 X Pulsed 1
SLAVE Vil 10 o XX
\Vi
7 1 X 1 j 1 1 X X
2764
A 1 0 0 1 1 1 X X =
FROGRAJNI
VERIFY | 2716 1 X a 0 X X _
2732 T X (0] X 0 X X
202 —x—T 0T 0 X x =
] I
PROGRAIH{I2716 — @ —% a —~ —
\TR.~IYf X " X
SI AVE 2732 o ¥ a 1 X 1 X X
2764
128 a 1« 1 X 1 X X




6.3 Connection of the EPROM fins

From a comparative study of the pin diagrams of all

the EPROMs (Fig. 5.4) it can be seen that the 27-series EFROMs
pin diagrams are almost similar. The difference in the pin
cor..nectionare shown in Table 6.3..AMASTER le socket (40 pin)
and a SLAVE le socket (40 pin) with zero insertion force (ZIF)
are used for placing any of the 6PROMs type during programming.
The EPRONs are always placed at the bottom of the socket as
shown in Fig. 5.1. Since the 8048H and 8748H microcomputer
EPROMs differ significantly from the 27-series, a differont
connecter is used for progra~~in~ but with tbe same ZIP socket.
The tl<Oconnocter connoction can be seen from the detailed cir-

cuit diagrarrdn Fig. 6.2.

The address pins A, -A- are connected to the 8 output
pins Do-D7 of the ADL latch. The next three address pins
As-A10 and A1 are also connected permanently_to the xhree
lower output pins Dy-Dy, and Dy lines of the AD5 latch. The
A11 and Aq3 pins are cOnnected to the D3 and D5 pins of the

JiiH latch via the selector switch because the conn~ction of

these pins are variable for diff. EPROEs.

pins D,-D7 of EPRONs are connected to the ou"put
pins Do-D7 of DR latch and also they are COnnected directly to
the eight input!PinS of the buffers DABUFI & DA3IITF2so th~t
the data can be iInputted to the;uC directly when needed. The
data of either slave of "~ster EPROM will be inputt~d to the



"1"ablé.3 Difference i1n the Pin connections of different BPROM
Pin No. Pin no.
2E-Pin Confi- 24-Pin 2716 2732 2764 27128
[,\Irh tion configu- -
racion
Vpp Vop )
2 - - - 412 Az )
3-19 1- 17 (A, - Ap)and (00 - 02)and GND and(03 - )
20 18 CE/PG!I™1 CE CE CE )
)
22 20 OE OE/V OE OE
pp ~
23 21 Vpp A11 A11 A 1D
26 24 Vee Vee n.c An’
27 - _ - pml PGIII
28 - - - VCC VCC —

Comment

1" laye connected
permanently to
socket

same for all RPROMs

|

&
Variable on type Q
of EPRml

So a switch is to
be used

May be connected
permanently to
socket.



microcomputer vi,,-the buffers depending on whose 03 enable is
activ~ted. -~he programming volta?,e is supplied to the programming
pins in case of progra~~in?, an ETRON at either Master or Slave
location fro~ an outside source of 25V or 21V as the case may be.
SincE the +25V Vpp required by the EPROI; must be off except when

programming or verifying, the 8witch is aesigned to be in the

off state when the processor 1is turned on. A high on the switQn
input turns it off.

eith the switch off. the diode to +5V turns on and supplies
the VIOIO (for 2716) pin with the volta~e renuired for normal read
operation. ~his input is controlled by the CR re~ister output.

When the switch to 25V is on. the diode 1is reverse biased. The

switchL~g circuit 1is shown L~ Fig. 6.7.

+5V 26.5'1

":PRON

10K +5V CR

latch

lowe -
Fig.7.6 Switching Circuit
Due to voltage arop across transistor a higher voltage than

25V(or 21V) must be used as the switch supply. A O.1)IF capacitor

I
on the Vpp pin helPS prev.ent overshoot which mi~ht destory the
SFROI" during switchlL~g.
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7.1 Eunctions of the Programmer
~he following operation will be performed by the micro-

processor-based programmer.

1. Loading the data to be programmed from a selected
input device (Tape, EPROM etc.) into the micro-computer

memory .

2. Progra=i..l1lIBa segment of a F::tOE',ith th,,Hata ;tilich
are stored begininF at a specified addre~s in the microcomputer

memory.

3. Displayin~ the contents Oof a se~~ent of a FROM at
the Master or Slave location or of the ~ain ~ernory on the

monitor screen.

4. Moving a block of data from one memory location to

another memory location.

,- PransferrL~g a block of data in a PROM into the
microcomputer memery so.that the contents of the PROM may be
verified or examined through the system and may also be used

to duplicate a PRO-~.

6. Transferring a block of data from a FROM to the

printer to make a hardcopy of the content.
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7. Comp~ring a block of data in a PROM with the contents of

a segment of memory (Program Verification).

8. Verifying a segment of a FROM to see whether the
segment Is erased.

9. Printing the contents of a segment of memory.

Hardware has been designed so that data to be programmed
into the EPROM can come from another ROM/EPROM or from RAM
via CPU.

7.2 ProF-ramDevelopMent fo~ the Frogrammer

Flow diagram of the program to perform the functions
described above 1is shOwn in Fig. 7.1. To perform the operations
as shown in the flow dia~ram seven subproarams are used. These
subprograms are called by the main program (Main Benu) as desired
by the user. The names and functions of subprograms are as

follows:

i. READ: Used to read the contents of an EPROM at Master
location or at slave location and sto~e i1t to a desired

memory location.

. MOVE: Used for moving a block of data from a certain

memory Mlocation to another location.

. DISPLAY: Used to display the contents of an EPROM at

Master location o~ at Slave location.



Fig. 7.1 Flow diagram of the program to perform different functions.
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Iv. VERIY!: Used to verify if any d~sire5 segment of the

EPROM at Slave or at ~aster location erased.

v. COPY: Used for copying an EFROM in Slave location

from an EFROM at Master location.

vi. FROGRArr,lUsed for programming any 8el!,:m~nbf the

EPROM at Master location from the main memory.

vii. FRINT: Used fOr printing the data from the main

memory or from EFROM at Master or Slave location.

The different variable names used in these subprograms

are given in Table 7.1.

When the program is executed main Menu will be shown
on the monitor screen of the system. ".i"Heormat of the main
Menu as will be shown on the screen is shown in Fig.7.2.
There are seven choices of operations to be performed as
shown in the figure and for each choice there i1s a corres-
ponding key to be pressed on the key board. After pressing
a particular key the corresponding operation format for the
corresponding function will be displayed on the screen. Now
the different operations will be discussed in the following

sections.

7.2.1 READ *3bprouram

Read subpro~ram 1is used to read the contents of an

EPROM at Slave or Master location and store it to a desired

memory location. After the main Menu is displayed if the
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Once the source EPRCI§j 1is selE"c"ted, the microcomputer ™"":lits
for the start and end address of the EPROM and also for "the
destination adc3.r"esin the memory of the microcomputer starting
from which data block from the EPROM will be store0. Each of the
~ddress will be entered by the user from the key board interactively
The interaction of the user and the computer for transferring data
from the }jaster SPROI-;is shown in FiE-;.7.4(a), (b), (c). As each
line of the prompt 1is displaYE"d the corresponding address 1is to
be entered with carriage return at the end. Next [line appears only
after the previous line is entered. The typed address can be correc-

ted usine the cursor movement.

l

~— ***~***********************~*****************4*****&*********1

1.

*

. I'/..3'1'1"::STAYT ADDR33S 1l "

¥ ¥

~ *

~ £

~FxxhkIhkKXKhkXx ************************~~******4**************~_**~***t
(@)

#~ ~~*****<(******* ********************************~*************l

* *

" 'JASTER START ADDRESS ppa g *

* ) ~

1

N NASTER EI~-D ADDRESS g

» *

E**,.,_***,.,_***********************~****,.,_-k-k-k-k-k************************
(b)

A _KEAIAIAIAIAAAAAAAAAAAAA _AAd _KhhAhKh _ ~***¥** * __KArIAIIIIAIxKxK*,

*

gASTEn STAET ~DDRB3S pp-q ~

~

>(-III

r-1ASTER 3I-D ADDRESS mmnn

TO EEjjQRY ST.'RT ADDRESS I:f

(c)

Fig. 7.4 Int"ractive displays of !-lasterEPROM for RP"AD
operation.



p~ overall flow chart of the Read pro~rarn is shown 1iIn

Fi~. 7.5().

~/S

Displaying of Menu and acquisition
of transfer address

Transfer of data

Fig. 7.5 (a) CA"erall Flow Chart for READ Program

The detailed flow chart of read display menu. j.sshown
in Fig. 7.5(b) and that of the actual data reading is ~iven

in Fig. 7.5(c). The detail program 1is given 1in the appendix.

7.2.2 Conversion of an ASCllI-coded hexadecimal npumber 1o its
inary eouivalent

Data to be re~d from Master from a certain address,to be
programmed in Slave from certain address etc. are entered by
punching the number on the ~ey board m~nually. This number is
to be stored in the specifitd address. A chart for the specified

address and thier functions lare given in the Table 7.2.

When a key containing a number 1is pressed its ASCIl code

is loaded in the accumui~tor .. This ASCIlI code should be converted



Read Selection f"lenu
flJastafSlave

Wait for the key

No
No Yes
Yes
Return to
main menu

Display the
read-address menu

Input Master/Slave
start address and con-
vert to binar-®

Input End address and
convert to binary

Input Memory start
addre%% %?ﬂagpnvert

To data transfer
flow chart.

.19.  7.5(b) Display of Read Menu and acquisition
of address flow chart.
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R3LD an .r20 e 1-.:.IstE:r/31~ve loct:.tion

D:tta I"ro.nufer
rTo."!.ram

Load the number of bytes
to be~ead in Be rp.

Jooadthe starting address

o~ the EPROM location where

from data is to be read iIn
H,L rp

I,0adpo: rp with the startint;
address of the location where
the data i1s to be stored

Send to control bits to the

PCR latch so that the ADL.

ABE & OR latches are in the
output mode

Send the contr::>b-~"tsfrom
OR latch to set the EPROM
in read mode

Read the data in the Ace.
of pC and move it to a
specified address

Increment H,L rp DB rp
and decrement BC rp

No

s [JIOE 0

Fig. 7.5(c) Flow chart for Data Transfer for READ
operation.
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to the corresponnin~ nu~ber and then stored in the snecified
memory loc~tion. One byte should be stored iIn one memory

loc~tion.

It can be seen from the ~able that ASCII Code for the
number 0 through 9 are 30 Hex to 39 Hex and A through Fare
41 Hex through 46 Hex. So to convert 30B through "39H to number
0 through 9, 30H is to be subtracted or four high bits are to be
cleared, and to make 41H to 46H to Hex number A through F, 3716

IS to be subtracted.

The flow chart for ASClI-code to binary conversion routine

required for each entry of the address is shown in Fig.7.6.
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Load the address of Number
in HL register pair

I"jovdd in E Regist er

Nake 4 spaces 1in four sub-
sequent locations from Numb.

Input an ASCIl character

Is it a
carrial<e
return

Yes

Return No.

No

Yes

m
11
o

No

Yes Decrement E,Decrement
H and show space in
the loca.tion

No

Fig.7.6 (Contd.)



?30H

Yes

Is 1t
L. 39H

Is it.

?41H

Yes

Is it

1,0

Yes

No

No
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Subtract 3010

Display

number inr H,inr E
Display Subtract 37H
number inr H.inr E

Fig. 7.6 Flow ch.rt for ASCIl to binary conversion



7.2.3 MOVE SUbprogram
It i1s used for transferrin~ a block of data fro~ a certalL-~

wemory loc~tion to another memory location. After the main ~enu
Is displayed on the screen, i1f the key ~ 1is pressed, the screen

will display the j.jOVBenu <:.shown in Fig. 7.7(e9.

AEAEAAAAAAAAAAATAAAAAA XA AXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXAXA XXX XAXXA XX XXX XXKX -

* %

=%
-—
-—

S

NEI~ORY START ADDRESS — n

PIEE  RER R R R R R R CR CR R R R R R R AR AR A e R R R R S S S S e e e R R R o o o e IR R R R R

Fig. 7.7(™)

*3
l

The cursor will be at the position sho,m. The startin~ address
will have to be entered manually. After enterinc the address
it carriag~ return key 1is pressed the format shown in Fi~.7.7(b)
will be displ4ye~ with the cursor s~own at the position. ~din~

address will have to be entered manually.

* ppPqaq —
UNTIL

,.._,*************+************************************************* I

Fip.7.7(b) Interactive Displays of Nove Menu

The CR key will have to be pressed to get the next instruc-
tion and the farmat shown in Fig. 7.7(c) will be displayed. The
memory starting address wherefrom the data is to be stored

will have to be entered manually.
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; oo 11QY2 120~ ~30ti_r;;~~Q~1_1Q ~~QEr :
. ¥
L H"SI.1I0RYSTART ~ ADDR~SS  ppdq :
" I
: mJTIL mrnnn :
* . *
R 'TO I-IETJOEY START ADDRESS I:!
-, VA1l =3 -1-0 \(-30t- 011 (I (¥~ )7-'1--¥ J('****** Frk Kk ¥~ i e **'!\]f-*********.¥-**~-*/&l-

Fi1S. 7.7(c) Interactive Displays of t-love.lenu
The flow chart consists of mainly two parts:

i. Dispalying of the operatL~g format and entering

the starting and endine addresses.

i1i. "I"ransferringthe data from one location to ano'ther

location.

The flow charts are shown in Fig.7.8(a) and 7.8(b).

7.2.4 DI"1HAY SUbprogram
It is used to display the contents of an EPROK at Master

location or at Slave loc8tion. In this operation the data is
to be ~etched from the 3PROh at Master or sl8ve loc~tion a~d is
to be djsl)layed on the screen inste'lo of" storil:,Q" i— the memory
with the difference that in DISPI._AY routine the contents are

displF-yed instead of being stored and in READ operation the data
|

The operation and flow ch:ilrtare similar to the RIAD

ure stored in memory.

subprogram excepting th&t instead of moving the fetched data

to the memory loc~tion it is displayed.



J - JOVESubprogram

Display MOVE Menu

No -
cpit Should moving start

Roturn to
1>lortor

Input startinn andress
where"rom d~t.ato be
1*Joved

Input End address

Input start address where
data to be stored

To data Transfer flow
chart

Fig. 7.8(a) Flow chart for \~OVE Menu display and
address entry.



Dota Tran sf'er

Load the 1:.0. of* hvte to be moved
in BC rp.

Lond the stnrtinR address of
~emory wherefrom data 1i1s to be
moved in HL rp.

Load DE rp with the starting
address of the memory where dat
IS to be stored

Read the dexa in the Ace. and
move it to specified memory
location

Increment HI, & DE rp anu
decrement BC rp.

Call for display

STOP

] |
Fig. 7.S(b) Flow Chart for Transfer of Data from

Nernory to !"lemory.



7.2.5 ~3:tIFY =~ horotlram

It is uSP" to vl'rif:v whethe, any -ep;ment off an EPRON
at ~laster or Slave loc", tion is erased. Here data is to be
-retched from the EPROIl4an~ rea" ar.~ [1liST'l"yej on the scr<;en
to see whethe: :;pROrj i.s erasei. A'te:.- the main merm (Selection
~enu) is displ"yed on the screen, iff the key V is pressed,

verify I-jenu will be displayed as shown in Fig. 7. 9(a).

* xk l"*****-(_ )i R *%* **" - k% """***+* T ~l*ll**'*****'r. ~ i(*.-i0: _._'r.*'¥__._*********'f"

: 3
I V. VERI?Y }~SrER/3LAVE EPROM ERASED :
* *
; SELECT EPROM -
* EastEr  1liJ (]
% =
- stave 1D :

FrIxEIA _FExrddAh _dhxdh _dAhxIxhdrdhLrhdrdhLrhdhrhdhddhi X FH_ K __Fhhdxhdkph _d__ &

Fig. 7.9(a) Format of Verify Menu ]

After the wverify menu is displ9.yed, if Mis prpssed the EPROE

at Mastl'r location will be verified and if S is pressl'd the
BPROJHt slave location will  be verified.
As in the cas~ o~ ~——~AD, once the source ErRG—~is ReJected

the microco~puter waits -~or the start and end ~ndre8s of the
)
block of ~FRONto oe verl-.lea..

The figures that will be displayed after presRin~ theliD .
kKey 18 snown kn tiz: -1.10(a) an™ (b ."ac h 0l e ad” I'E'SSes will
have to be entere:l by-the use!' -from the \cey ho~rd interacti eely.l
Only -four -fi2Ures can be entere” and ma~ be correcten by shi~ting

the cursor. Next line will be nisnlRyen only a-fter the previous



Verify selection Menu

Wait for the key

I-laster

Set control bits for
verify Iliuster

Return to
rain 1"lenu

Set control bits for
verify slave

Display verify address Menu

Input Haster/Sl ewve start
address and convert to binar

Input End address andconvert
to binary

To data Transfer flow
chart.

Fig.7.11(a) Plow chart for displaying menu and acquisition
addresses for V~RIFY.

of



J

LOa~ the no.of bytes
to be read in BC rp

I ,oad the start in""address
of the BPROM to be verified
in HL rp.

Send the control bi+,sfrom
CR latch to set the ETROJ~ in
Verify mode

Move the data in th~ accumu-
lator and display

Increment H,L rp and
Decrement BC rp.

Yes

STOP

Fig. ?11(b) Flow Chart -~or Trans~erring data for VERIFY.
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> -

g ~ASTS~ STABT ADDRESS~

>

@)

Fhkkhhk _kkhhkpphhhk _kkdhhkkhkrkhhkhkhkkihk | *AAIAAAAAAAAAAAA A AAAFA)dhhd%

Vi@V =

Mtuwr-tort STHRT ADDRESS ppqq "

*1

~

EAS1'SR END ADDRESS iii "

IR
B %

FHHxIxXxIxIxih

(b)

Fig. 7.10 Interactive Displays of Verify Eenu

IL~e is entered with carriage return at the end.

The detailed flow chart for displaying and address
entering: is shown in Fig.7.11(a) ",ndthat of data transfer is

shown i1n Fig.7.11(b).

7.2.6 PROGR~M Subprogr~m

This program is used for pro~ralT~ingany se~ment of the
EPROE at I"iastedocstion lrom the data stored at; a certalL”lmemory
location. After the main menu 1is displayed i1f key P i1s pressed,
program menu as shown in Fip;.7.12(a),(b) and (c) wilJ be dis-

played on the screen one after the other.
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B e VI~~~ N~ V" &~* Y~V ~Y ~¥ Yy~ —¥ *

~  [-_1-Q~~Uj_G~2~~—RtE~jQEX :

J.~EI~jORYST;"RT ADDRESS -\

Ity

=

*

= |

H o)

*
~F (*~¥~ » ¥~~¥~~**+*****~**~_ _ KHhrI _FxIxIxIXxIx _XY _FKXxXxXx FX__ I HKhkkkkk

@

B I o e ee XFxXhk _hhkkhhhhkhhhhkhkhkhkhhhhhhhhhhhhhhhhhhii

! ~~ £~Qgg~i_~~~~2~ ~~3Q~_Igoli_li~jQgX *

MilI>JORSTART ADDR~SS ppqq :

n m

HFINJORY  END ADDRESS'~ ;
] *

4******************************~**~**********************~
(b)

******¥******+****~*****~***********¥*~*** _ ***N*~~~~£&***~
* —_~
m *
. F: P;:ZOGRN.: ILAST3R EFRON FRO!; EEJI'ORY g
1 1
: M~~ORY START ADDRESS ppqq ;
* *
; rEr102y  31m  ADDRESS mmnn >

*
% 3PRO!" START ADDR3SS U "
*

)

(c)
Fig. 7.12 Interactive DispJays of FrofTam Menu

As 1n the previous cases. here also the start address
will have to be entered manually and o’lnly after the start
address has been entered with carriag~I return at the end, the
next line will appear with the cursor !at the position shown.

The typed data can be corrected by moving the cursor.



Fig.13(b)
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I-,10G ,ill-;
D~t::. Transfer

set v =25 or 21v

0, = —pCi =1
Load no.o" bytes to be pro-
gramed in Be rp.

Load the starting addr~Bs of
the ~PRON whereform data is
to be programmed in H,L rp.

Load the start addrpss of the
e mory where-from da-c ;Tid
C:O:lein DE rp.

bits from €R
"in proP"ram

Send the control
to set the EPROM
mode

Send address

Send data

wait 3)J.s

Send 50 mspulse

InT. H,L rp. &D,E rp.
ncr. B,C rp.

l'urn o™f VPI' ana
initiali7.e —~or read

Flow ch~rt for transfer

Read the Ilocation

Compare with source

~oual ""
l,oad fail
character
Display
Control back
to j; nitor
of data for proeram operation.



Display the ProgrOlm

J"lenu

Quit
Return to Input J.ipmorystart address
I\:oni to::, ~nd convert to binary

Input Nemory end address
and convert to binary

Input J-lastersFnOlj bt5.rt
address and convert! to
binary |

To Programming
flow chart

Fig.7.13(a) Flo~ Chart for Display of Program ~enu
and Acquisition start and End™ Address.



AS in the other c~ses, here also the flow chart can be
divided iIn two sections, (i) Displaying the Program Ji}enuand
entering the start and end addresses of the memory where the
data to be progr~rnmed is stored ana the start address of the
EPROM wherefrom progré&rnrningis to be~in and (ii) programming

the EPROI1.

The detailed flow charts are shown in Fig.7.13(a) and(b).
Pro~rllmmillg -w;8.~.teform&no. pro~ra;..ming charact~rl1Btics. of Intel
~ROj,; al-= civen in A?P~--DIX-B. To program the Nevice ~ llpp is.
first rais”d t.o2")"br 21Y as t.hpca2" ""avbe. The d",sirei!
address is applied to the de"cicp. ani SE is raised to a high
state. The data byte 1is ther. applied to the device. At least
2)Us after the data is stable. a 50 ms program pulse 1is applied.
Data must be held low ~or at least 27?S after the program pulse
goes low. A:ter a loc2tion 1is programmed, QE can be taken Ilow
and location read to see if the programmL~g was successft~Il.

and address for the next location
can be sene and then another 50 1ps programming pulse applied

to the CE/PGM pin. The address will be incremented after each

location 1is programmed.

7.2.7 COpy SuUbnrogram
'iT},
COPY subprogram iR used to copy a block of dat.alan EPROI-:

in Master location into an EPROi-1 at Slave locatior.e Data is

first fetched from the EPRO~ inYaster locatior. by activatin~



i1ts output enable pin and then sending the data to the E?Ru"J
at Slave location 1in progr esmminB mode and then verifying
whether the EPROI-,at slave location is correctly programmed.
After the main menu is displayed if key C is pressed, Copy
~enu as sho~n in Fig.7.15(a),(b) and (c) will be displayed on

the screen one ai"ter another.

@

SRR e D * v X ....-~** *eam 0~ FF T XL ¥.41~*)| F Rk kkokkokk f
~ *
¥ C: _COpy INTO SLAV™ FROTj -~ AST'ER x
* *
g MAST3R START ADDRESS  ppqq i
* HASTER ELm ADDRESS  t.1 *
X *
m *
m *

*&**********************************************************1 . *

(b)

KErIXIX _FKAEXxXAXAKXXAkIXXAXAXKXkkkXx *Kd _ Kk FKX*x*XxY __AXxX*i _Y . _ I KxXIKIAIXIXAKAKXKI  _FKErxAkikkhhkihiikik
* N N *
: Q~_QQ ! ~~Q_~6 1 ~_| BQB_B ~~~~~ ;
bt *
. mAS1'SR  51"AR1ADDRESS  ppqq I
X *
x I~ ST3R EIm  ADDRESS mmnn E

StAVE ST1"RT ADDRESS ~ ,

" |
*J %******4**_,******_,**************~**********~ = R o R R

(c)
Fig.7.15 Interactive Display of COPY -~enu.
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cnry
Sub ProJTram

Display the COpy pro~ram
r'~enu

Input l.jaster stnrt address
~nd convert to bin-ry

Inpu t I'l::stp.r end aJddress
ana convert to binary
Return

o8 i
to !>ionitor Input Slave

and convert

start-address
to binary

10
flo\~——

7i~.7.16 (a) ?lo-

acquisition 0-:

chRrt

COTY
chart.

~or dis~l:lyi~~ and

address in COPY

mode.
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cory
~ata Tr~y.l.s:fer

Loaa no.o” bytes to be copied
in 3C rp.

Load the startine auoress of
the SJave 3PRCK in H,Il rp.

Load the st~rtin~ adoress of
Haster EPROE ir—D, E rp.

Send control bytes to Master
for Re:::d

Read ehe loc~tion
S'erlci. I'J~~ster ~ddre ss and Ye-r;ch

detta from 1°;<:stenn Accumulator
Co;np::.re ~T1ith source

Send the control bies to set
the slave in Program mode
710

Equal?
Send the slave "address B}
Load Tail
character
Send the data from Accumulator o Is
0
Send 50 ms ~]lse
Control back
I—r. E,1 and D3 yp. ~ to 1fJontior

Dcr. 3C rp.

Turn o' Vpp c:nc initialize
for read

Fig.7.16(b) Flow Chart for Transfer of Data for COPY.program.
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The addr-esses ~—e to be entered frjun'.12.1Jy frofJ1 the Kkey
board interactively. Her"l~lso the next line ""il]appear on
the screen only after the provious aidrpss is entered with
carrj~~e return at the end. The tYP"liaddress can be corrected

using the cursor movement.

The ::"lowhsrt is shown in 1"ip".7.15(a)and (b). The first
flow chart is for enterins the addresses and displayinF. the
Menu and the second flow chart is for fetching the content of
Haster EFRON and then programmiJlg into Slave EFROloand then
verifying it.

7.2.8 PRInT Subprol'r:?_1D
This program is used for printing the data from the

main memory or from EPROM at Master or Slave location. After
the main menu is displayed on the screen, if the key T is
pressed, the system will enter the PRINT mode and the PRTIJT

menu as shown in FiF.7.17 will be displ,yed.

a T: PRINT DATA 1ROj: r-Bi~TC'ltY,
FrOill 1~for.y liJ
FROH iJASTER [fJ -

2ROH SIAV::  [I] | ,

n m
L & = > = T & o ~~**~**~¥****,.._*******,.,_,*Lk******,,_,*********

Fig.7.17 Format of Print Menu



AFL v in di'3played if* IRJis pri2ssed thB data
from me:r.ory H:.Il b", printed, if W i8 pressed, dat.,. from
j';"'ster EPROLwill be printed and if D is pressed data from

Slave EPROMuvill be printed.

Once the source is selecten the rnicrocolT'puter ,,'aits for
the start and end addresses of the block of data to be printed.
~ch of the ~ddresseR will be entered interactively. Inter-
action of the tiRel' and the computer for transferrL~g data from
liemory is shoioin in 7ig. 7.18(@) and (b). The data is to be
entered manually by the user. Next line appears only after

the previous line is entered.

(a)

t*~*******~**~*~~ ~FerF FEEIxEIAAAAAAp K _FKAAAAAA Fhhhk _XXXk *kkhkkkikk

~ *

NB."IORY ST1~~TADDRESS  ppqq ;
*

|~Fi,/iORY END ADDRESS -~

1

~*~*~******~*(<**~**********~***¥*****************************

(b)
Fig.7.18 The Interactive Displays of Memory for PRD\E.

The flow chart Tor the PRTI\T \]~O~r~man also be diviapc

[
into two blocks.

1. nispalying of Menu and acquisition of address

2. Tran9-~ering of data to printer.
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Wait for the key

Return to

Display th~ Print
address ~,jenu

Input start address
and convert to binary

Input end address
and convert to binary

~0 print flow chart

Fig.7.18(a) Flow Chart for Displaying o~ Print Eenu and
Acquisition of Address.
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The printer is 3. slow de'lice. So it cpnnot rrint data
as fpst [Is dnto can be RUpplierJ from memory. To overcome
trJis difficulty the printer has hlo si.o:nalJs (i) busy (ii)
ackno'flledge . \'lhen onE' byte of data. flnters the printer, it
senes the busy sioj;nal indic[.ltin" that it cannot ac—ept any
more dnt8 and when printer accepts one b—~.te of data it sends
aclmowled.o:e sip;nal that it has received data. These sip;nal.s
are exa—~ined by the control unit and sa~ds data. only when the

printer is not busy.



G3;;.I'==n- VII!

DIS:;D33101.s Aim CONCLUSIOKS

7he EPRON programmer designed by us 1is microprocessor cor.urolled
Three buffers, six latches and decoder, NAl,D gates, inverters were
used in the design.A single sided PCB was desi~ed and constructed
with 1in-house Tfacilities. Since the board was single sided as such
there was many cross connections, which 1is very cumbersome. This
is due to the unavailability of a PCB laboratory. The design would
be easier if integrated chip like 8155 was available. Due to non-
availability of the LSl integrated chip, we had to use the simpler

type IC"s.

This programmer can be used to Program, Verify, Read, Display,
Copy and Print. With 1its 40 output terminals, with proper connec-

tions and software any type of EPROM can be programmed.

The designed Programmer can be used for programming Intel
2716,2732,2764 and 27128 EPROI"1sand the EPRCJI1slo®ithinintel
8748, 8049 chips. Since the programmer 1is software controlled,
as such it can be usee to program any type O; EPROM available,
JusT. with a little change in the control program of the EPROM
programmer. This progrcmmer will also save the buying of costly
manufacturec p~ogrammer available 1in the foreign market ——di—
will prove tc be helpful in research works on the microcomputer

based dp.sign.
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o THE OISF--*LAY" r,,’OInTU~
ANY DATA 15 ‘'tuvi> TO A PARTICULAR

3 E!I\OOr- TU EFFFHolF

THE ND~)P~5~ STA.r~T1t-IG FRO,'1

*

% LCCATICHI WIT HItJ  THIS /IODFESS R.NGE.THE DATA "ILL BE
DISPLAYED AT THAT LOCATION.

;c THIS I;;;  THE MAIN PROGRAr~ ",HICH WILL DISPLAY THE MAIN

tJANU  Or.. THE MOt'ITOI'<

010t STAF-T LXI D,C'EB<.i
11 O  CALL  STAh

0 12Ci LXI ::>.CEDCAH

(. 13( CALL STAR

0140 LXl D.CE951H
d1s5(, L XI li. SEL

016'1 CALL OSPT

017~ LXxI D.OE99.JH

018(" CALL DASH

1J19(G; LXI  D.EAICH

02Cj"~ LxI H. cop
0.2h; CALL  DSPT
ca22; VI A3A

U 23;,.; ST4 ~ EAler-.
024 ;1 LxI D,CEAIAH
c25 C~LL CMST
025() CALL TO
ca7;™, SHLC  C EA23H
0280 LXI  D.OEA27H
C29": CALL  CSLV

03¢ -~ tivI ~93A
c.:'lU STA CEA2C
- A B R
C23 0 ST4 ::EAZ2E I-
r.:34r LXi D,0OEA9D
G:'5( CALL DPRG
36~:! Mver 4., 3AH
37,. SIM  :-[..:\98i-
c28C LXI D. EA9 AH
tj 3tiC: C ~LL DMEM
04CO CALL TO
C41(~ SHLC  CEAA-H
0420 LXI D.OEAATH
043" CALL  OMST
<:"440 MVI ~. 3A
Q 45( STA  ().EAACH
OlLt!:5 jotlvl  AJIOH
""46(> STA . EAAE-~
(.47C LX! D. EBIC'H
04';;) CALL DVE1=.
C'5( t mu:l ALAH
C51!,.. SIA~EE15~
t+~2(.  LXIDEBJAH
St CLL CI-IS
C54t LXIl D, -,E€27H
C.ALL DEP.S
0='60 MVI t,  3A

1.'57t 57 A EE2 CH
C stl,) "A\VI A, 16H
c- 91" STA .~IEB2Eh

QcOt; LX: D.ESC,vH
(.EIC CI'LL CfD
G20 MVI 4,,34.H

OE3 5Tt ( EE98 T.
tt.: Lin D.C Ecl<;AH
Cc65(1 CALL OMS
(.66f MV! t,.3AH
Cf:7;; 51 A C E8SACh
(;[812 t~VI  AdZH

0(;<;0 STA —IE8AEI-

THE SELECT 10!, OF  SUSPROGPAI-~.

**~*****~**~¥****~**~*****~~»**-'******* KA Kkkkkkk

puT 44 ST—~Rt.) FRO~
THE LOChTION CEe: OF MONITUR
PUT 44 « AT -~EDC OF ~ONITOF.

WHILE $=L~CTIU:J '-1ENU
FROM E;51~1 LO0C4110rJ.

UNDERLINE BY DASH.

"FITE
COpy

;~t,.STEF
TO

SL AVE

~F IT!::
PfDG::CAM

TO

MASTEF<

= li::
VER If"-(

t"4.S"[E~, SlL..AV[

EF A SED

~'Fl TE
fE4D

“1:"STER. SI [I..V...
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070G LXID,t."ECE,H
a7l CALL DDIS
(72( MVI  A3AH
073(;' STAVECI,1-:
u74t LXI a,CIECIAh
C750 CALL D:"'S~
c7'(l MVI  A:lIH
Ccr7C S.A "EC2el-
8 78 MV1 A.t 4
790 STA GEC2CH
08 & LXI O0<("ECSL h
OEI™ CALL CMOV
0820 MVI o', 3t,
ce30 ~.A "'>EC981-
OE4Q LXI D,DEC";;AH
CES50 CALL OMEM
0760 CALL.O
CE7~' ShLC | [C"3H
0eBO LX! D.CECH7H
089~ C4LL DMEM
0<rro ~vI Al
GSU, Sl C)ECACh
1%<;20 MVI 11.C'DH
C9::0 STA CECIIEH
C<A(; LXI D.CEC I~-H
0<;5<: CALL OPR.
tS6C MVI A,3AH
'<;7C STA: ECI8 h
~S8C LX1 D.OECIAH
(scC;", CALL CtolSM
1ace MVI:™ 3A
1 C10 STH OEC2Ch
I C20 I~VI L4
I C'3( Sj A (. EC2E h
THIS IS 'HE
CETECT WhETHER
IS PRESSED TI-E
CORRESPONDING .0
1040 MMKPRS CALL
1'=5C CPI 4.:3h
ICio' ! Jz COpy
) C7:: CPl 5CH
108t- JZz FROGRA'":
10~:...1 (O} 56H
IICG JZ VE~IFY
111r CPI52H
112.0 Jz r.EAC
113~ CP144"
1141 JZ CISPLAY
115(: (;:;154.1'4
J 13~ JZ FRI-T
117(,; Ci=14DH
nsg; JZz ~CVE
119:; Ji, P MIJKP~S

~E~n SU9PRCG~AM

IT DISPLAYS

12,;C
1210

1 22\.\
123(

1240\
125,;
126:)
127r.,
1zeo0
12<;(;
13(:0
1::10
122D

133C
134y

1::50

R.E ACI
MVI
S"TA
>.1VI
57A
LXI
CALL
LX!
CALL
L X1
CALL
ACLL
SHLD
LXI
CALL
CALL

CALL
t",52H
«..E951H
AL:AL-j
(E9S:::H
D. f~E9S,s h
C;C
D ,I'E95I1H
DMS
D, 0O E957 r.
CEPP
TO
'E95DH
D.O::9tOIH
DMEM
SEMSU

PORTION
ANY KEf
rROGRAM

THE
~F6H

CcL ~ "

A-2

k1T
DIS

—LAY

Mt"S"TE$-..SLf.,V~.,~E'-'Ur:;y

OF

KEY

STARTS
THE R::tlu sua  \~ENU.

MEMG~Y
TO

MEMOPY

1'~.;SIE;..

T
MAIN
WILL

MIIIN

IS KEY
JUMP 10

THEt~
IS IT

JU'~P .0

IS IT

JU""'PTO
IS IT

JUMDTO

MENU
IS PRESSED, IF
JUMP
PRESSED.

MENU KEY

.. SL:..VE.f-iE;.IQF~"

WILL
ANY  KEY
SUBPROGRAM

~HICH
TO THE

PRESSED
'e.:-
COpy SUBPF-_G.
pr

PF.:JGR"M
"

VC:R\If=Y
e

~...:4D SUBD!=:G.

5 U3"RG,

SUBOTr'G.

IS ITD’

Jur-1P;O

IS IT
JUMP

IS IT't.
JUMP TO MUVE

TO

DISPLt.y "3V3F—,G.
"y
?FIN1 SU:)PKG.

5\.13::>550,".

FROM HERE.

CLE.At.
~'RI1"E

R::A D

Mt.STEn:,

TD

MEMDRY
MASTER.

r'ttd  LjEr-JU  DIS::i»L~Ys

SLAVE

SL A VL S
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136f. R!IIMt::NJ CALL OFbH CHECt<. FCP R:=t) Y =Y P-~ESSE:Ja

1::7~ CPlI 4DH r— Kfy " HEN

13HG J2 f;MST JUMP TO HM'T

1290 CPlI 54H IS IT 5 THE:N

14(:'0 Jz f.CSLV JUMP TO R:;LV

141 CFI51 IF KEY IS Q THEN RETU-tl

142C' J2 START TO MAIN I“,,!\_I/!E'_-LU,Q'LI;IEEWISE R .

143( J MP :WMEI'W REP EA1— 1HE LOOP. -
ACQUISITION OF START ~ END ADDRESSES FOR READ

SUEP-G. AND READING OF DATA FROM MASTER START HE-E
1460 RMST LXI D.OE"10H

1471j CALL SPACE CLEAR .SELECT EPROM'

1480 CALL E-~E"DD ENIER SIART& cNu ADDRESS.
1490 CALL LMEMS3 WI; I TE' MEMORY"'

150 CALL ETSADD ENTER MEMORY STA~-T ADDRESS.
ISIG CALL SUBTR LOAD RESULT OF SUBTRACTION
1520 MVI  A,(JAOr. IN 8,C R.P.

1 53!) OuUT 0 BCH SET I-IASTEr; IN READ MODE.
1~-4t) M\I1 0..04

1550 OuUT 0 BDH SET THE ADH. AOL ~ CR IN OUTPUT MODE.
1561; CALL DERP LOAD START ADUR.OF MEM.IN D.E
1S70 CALL HLRP f;D.&THAT OF EPf;OM IN H.L RP.
158~ MRLOF MOV A.H

1-~9)) OUT -~ B9H SEND HIGH BYTE ADDRES3

11:vO MCV AL

1He UuT: BAH SEND LOw BYTE ADDF.ESS.

11:20 IN OBS8H READ DATA IN ACCUMULATOR.
11:3C STAX O

11:4C I "X H

11:5(, "X D

Itl:C MC\l AE

1t7'. OorA C IF  WCI IS NCT r REPE"T

168,) JN2 MRLOP MASTER READ LOOP(MRLO?I.

11:90 HLT

17)( f;SLAU - LXI D.- EAI" H
17113 Cel L SP"CE

172(\ CALL LSLMI

1730 CALL ESEADD

174(- CALL LMEMS3

1751:. CALL ETSADD

176(0 CALL SUBTR

1762 M1 A.(G4

1765 OuUT:' iJDH SET THE -pbu.abL ,eR IN OUTPUT  MODE.
1771 M\I1  A.14H SET SLAVE IN READ MODE
| 78~ OUT (. 8CH
1791; CALL OEFP SET Tt~E S7~~TING ADDRESS
18til CALL HLRP Of- SL4V=: t, ME~10EY
IEI(: SFLGD MO\M A.H
1E20 OUT ~ E9H SEND THE HIGH BYTE ADDRESS
IE.3L i-tCV  4,L
1 84( OUT 0BAH SENe LO~ BYTE ADDRESS
1850 1t, I'98H INn VI TH: DATA
1E6C; S"IAX D STOF-.:::  LIAL\ IN tJ.::'~CRY
1E7-. 1"X H
IEEr.. | "X 0
1E~() r"LV A. E
19(;0 OF4 C 1F (fIC I~ NCT :' f.EPEA. T
1910 J'Z SRLOP SLAVE R~AD LOOP:SRLGPI
1~2r HLT
DISPLAY SUBPROGRAM START'; rrE~E"T DISPL"YS CmnErn
OF EPfOM AT SLAIE OR MA~TER LOCATION DN MONITOR.
1s3(. DISPLAY C4LL CLEA~ CLEAR. r.1AIN "ENU
1SA» MVI  Af4H WRjic
1Cs(;  siA, i- =951 t-
1C; 60 MM A 3 AH D

IC;7~~ ST A :: E953 I
18" LXI D.CE955H

1 <59 CALL DDIS DISPLAY
20(00 LXI D.OE9,5DH

2(;10 CALL DMSM M~ST=R,SL~VE ,MEM8RY
2C2C CALL SEMSD MASTE" M  SL A\IE S
2060 CALL LMEM3 IR | TE" MEMOFo. Y.

234~ MVI  A.4DH

235u STA : ESSCI-;



*

,1.-4

23b'~ DMENU CALL ~F{)H CH~C~ ~—-p ~I1-PLAY KEy PRESSED
2::70 CPI "-DH D SIT r, Tia~JCUT O

238(j JZ C5M5T DSM ST

239(: CPIl 5~ 15 IT S THEN GO TLI

24(-0 JZ CSSLV D5SLV

2410 CPl 52H 15 11 R THEN GO TO

2420 JZ DS1~-EM D:;M E'~

2430 CPI 5: I; IT (G THE" RETURN  TO

2440 JZ S1ART iI&4.1IN ""El-U GTHE.I';;! SE LOUP aACK
245(, J~P D;~ENU TO S5ElIPC~ FO~ KEY PRESSED
2460 OSMS1 LXI ), CEAle. H CLE~R"SEL~CT LP~OM.

247(- ClLL SPAC E

24b~ ClILL E5 Ell CID SI'JT ER  A.DDRE 55

249(; CALL SUBT;; RE3LT OF SUDT~ACTION IN BC RP.
2=0C Mill  A.OIIDH SET  MASTER IN EE4D MODC.

2=10 OUT C ECH

2=or] r~VI AE 4 SET ~DH.~-DL & CR IN OUT -~ODE.
253t OuT : BDH

25~0 CALL HLRP START 1IOOR. IN L

255(; CALL DSLOP DISPLAY ThE  COITENT

2~55 HLT

2560 DSSL V LX 1 OEAI {IH
257C CALL SPACE

2~8(: CtlLL LSLV 1

259%) CALL  ESEAr:D

2101 (; CALL  SUBTF.

2¢ 2¢ MVI 11.04
2c30 OUT -~ EDh

264" MVI A.14H

21045 OUT ~ ECH SET  SLIIVI 1] OUTPUT  MUDC
2£5-)  CALL  HLFfP

2E6t! CALL  DSLOP 0 I'3PL  AY

2E65 HLT

2(;7¢; OSMC:fl, LXI  CEAlj T.
2teq CALL  SPACE
2t9C CALL LMEMI

27"t CALL ESEADD ENTEr;  ST"RT.END ~DORESSES

271 (, CALL SUEH R RESULT  QF SUBTrACTION IN BC RP
2720 LHL D STRT 1 LOAD  STARTING ADDRESS  IN H.L
273(j DSLOF~ MOV A/~

274(1  PUSH e

275(J -GV D.A

276(- CILL IC<3H DIS OL4 Y COt-.11El-.I.

2770 PCP tl

278" I NX H

279(. [CX U
22ti) Mev 492

2710 0;:;4 C 15 (Be | IS tIDT - T-EN
2 E2t JI'Z CJSLOPM LOO? 840:
2Ez;~ qL T
P;:<O;";t:. AP SUEP~CGRA"~ ST4~T S F"HDv; HE:r.L. i 1S LJS~D 10

~~CGFA~ A~ EPRO~ AT MA4STE~ G? ~L4VE LOCATION
F~CM MAIN ~EMORY .

289*-* PROG;;ll;~ CILL CLS'R CL=:AR  'oltIN J.i=:h1lU
250n MVI  Allurl ~R 1T~
2SI10 STA ~ E95I |I- P

2s21*  MVI A_3A.h
2S3(~ ST4 ;::E953h
2'54(t LXI1 DtE~c9S5t-i

2¢5,; CILL DP::;;G

2960 LXlI D.OE95Dh

Zc;7.% CALL i:Ifl.19r

2sBff LXI D.OE965f-;

2 SSt; CA:....L DE?i=\. I:::Ph. eM

2995 LXI D,CE<;6Ch

2~";6 LXI H. FhM DISPLLY thGfJ:

2597 CALL DSPT



l

>

Jf::f;

2sce  LXI ;3,~="72h
2S99 LXI ti.MEM
3CCQ Ct<LL CSPT DIS PL" Y' '~EMUO Y e
%gg'zl g;tt tI\S/ItEg DIS PL4Y 'L0lE~~C~y' .:2JD
< < ' ' B "
START ADOr,ESS CliJ_So~1E  LI~"L
30(,5 Ct<LL LEt<D DIS P..Af EJD NT)O,;:55 H. ti~X, LINE
301<, Ct<LL ESEADD EtJTEH ST,,PT -~ .. N~)~DDKESSES
3el5 Ct<LL LMST2 OISPLAY “fI"STEF '41:0
3' 20 CALL LSt<03 'STAF.T  t"D:Jh.":S~ut) THIrID LINE
3C25 C~LL ETS-~-OO EN] ER .»,~ST[T .. Sir.~T ADD=:r:SS
3040 CALL SUBHi
3C5:~ PLCP }.1VI AD;; SET
2lOSS OUT < BCH
3060 ~Vvl AL'4
3070  GUT: 90H StT  ADL,"\JH.Ch IN OUT MODE.
=08 c~L GEFP LU4D PROGR4M STA~T ADDR.QF EP~OM
3(90  CALL HL'P LOAD 'lI1.E~10PYSTART 4D]r.~. IN H\L RP
61(.t MCV A.H
3110 OUT 0 B9H .
3120° MGV AL SEN O HIGH BYTE A:JDRES3
3130 OUT CBAH SEND  LOir-
3135 NCP BYTE :DD;-ESS
214C MVI 1,04 SEND P-QGRA r.~kt-v rUL SE
SUCE OuT: BCH S=N D PROGFAtAV, I1~G PULSE
318~ C~LL DELAY 51 MS
.-:119(’ 1IN\X H ' ’
=2 c; Vvex 3
322~ HVI A UA'H
323C .OoUT \ eCH
3240 It, OOBH
2% PGS He HJPUT  Tti" PFCGI I.LED BYTE.
:32sn Mev F<A
322;0* '\C/'ﬁ;; o LO4C 4CC. TH:: BYTE THAl ;5= TO f3~
328(1 37 ELOPI ?ROG~AM:~CD 6 LU~~ARE WITH PROGRA~MED
329(3 1Az PLOP2 BYTE.IF rOU4L Ju="ID TO PLOPI
: QTH&~ ISE TC PLOD"
33t0 PLCPI PUSH 8
2% 1s MCV 8. M
3::20 CALL IC3H . .
3350 per el WISPLA Y PROGF tJ~~H:D 8 ‘TC
3235 PCP D
4 Mev ~9
335¢( OfA C -TTIBC |, =1)
336~ Jt\z ?LOP IE - y
s A tJGT  K=Pe.t. -, LOGP
337~ PLCP2 PUSH 8
3:;80 1 V1l 8.FF
3390 CALL 103H -
34150 PCP DJSPLt.y FF, LLA F:"IL CHA.P:"CI1ER.
~4¢G = PO D
41 C HLT
~~~~~~~ *f ~x L * ****_,__,.._,** o —*# *:n~ *e—FFxFTI K -FF—=—%
- - - ; .
SUI3J;QUT INES CALLEC: BY i li=: MA] ~J ~—@G:i——" 51 A~; FJ:.Ci.-\
HEP[~THE ;=rn.ST SU6~OUT iN:: IS FrF CfT::ING TH:: ADDR='SS
MANU4LLY FPOM KE£Y50A~U.ONLY FOU~ 8YTES CAj~ B~ ENTERED
4NO v-"hONG ENTRY CoN BL CO~RECT:D L)Y CURSOR SHIFTING.
NAl~a:or THIS §y(l3tOL£I'IN~ LIS, 'LDAJt. % *
et L L S [P Xttt =t X;.oppn~dt ~:.;.*'::—:~ y" XTI, * )'(;;r.::,. st *otl, F—It o Jo:
4t~0 LDAD~ PUSH H LUAD ADDRESS ~_.R.3TARTS H~RE
47 -1\.- PUSH D
4,:"2C PUSt' E
4C::5~ L\ EL(
4040 LXI H_.EYT-3
4~5C MV1I D.t;.
436~ So mMmvl .2~H
"CT" DCX H
40 ~' DC« D

—%



4~4¢' JNL SP
4 lel; tw''} CA4LL QFCH

4111: CPI D'1 IT CARRI4GL RETURN.

412'1 JZ NU-~-2

413(, CPI IS IT i3—t.I\, SPACE. IF NOT
41C(C Jt\Z Ct-1A~ THEtl JU"~P TC CHAR

415;) Mev A. E

416'. CPI (I

417 (l JZ "U Ml

418" DCR E

41 SC DCX H
42C( MVIB. 0

421.; C4LL 1\."3H

422(~ JI"P NuUMI

423'l CHAf MCVb. A S4VE A CCU~1L1LATOR.
424t Mev A. E

425" CPI 4

4 "cC< JZ N\UMI
4270 Mev A.a

428'-\ CPlI 3"-JH 3. IS ASCI | COUE FOR)
4291 J~ NLHH IS CHL,R. LESS THA.N 30H.
43,-I' CPI:; AH IS n LESS THAN (C THEN
431 C  J< ;,,,XL JUMP TO HEXL TO ENTER IT
432C CPlI  41H

4330 J~ NUMI
434" CPl 47H
435( Jp JuMI

436" Mev B.A
437(; CALL IC3H DISPLAY THE NUMBER AtH) "THEI";

4380 SuUl 37H SUTI<ACT 37H TO MAKE IT -~1E< NO.
436~ ;,EXH MOV M.A ~ND STORE NO.AD~~ESSED BY H.L F;P
439" 11\1<E

44Ct;) INX H

441;" J-P  '\WMI

4tt2D t~CV BtA

4430 .HEXL CALL 1J2H

4440 SuUl  30H

4451) JMP HEXH
4460 N~M2 LHLD EYTEI

447" r-1CV AL

448(,’ RLe

44S0 RLC

4 =()C RLC

451C RLC

4520 ADD H FIRST T\"C DIGI 3 ARE S,OF.:::D A,
4-30  S1A 1"EMRI Lee AT rON 1 EI=" 1"

4540 LhLC BYTE2

4=5~ Mev AL

4~t*"" RLC

457( RLC

4-e:-: ~LC

4=<;"=- RLe

4t:( C 42D H N=X T 1"~ DI:; TS "FE STelR::> AT
4£1( S1"A  MEMf=\2 LGC t.Tlord M~r.H-—-.:2,

41:2(; PCP B
4£.30 PCP D
4t4C PCP H
4t5':' fIYTElI DS 2
4661'1 EY1"'E2 DS 2
4670 EY,:::3 DS 1
466:::; MEI'RI DS |

419" 11":::MF:2 D5
47{.;;1 GET
SUIBTrbCT  SUSRCIJTI~JE- ThIS  fDUTIhi=: SUD1"Rt-.CTS
:S.P.71} FRUM [ :EN~l: C STOKES IT 1J B,C RP
STF:TI AND ENDI ARE S,AF;TING AND ENDING ADDRESSES OF THE
Tk Kk __LESATI M.S E%é-?lﬁéﬁ” K ETE oM Q@T&_,T_?_,‘?Erf}il% LREDRAGNMER
" T4710 SUSTR LHLD ENOI
472(; XCHG
ee73C. LI'LII STKT 1
aza(.. Mev t...H
75 SIS
476(; MCV C.A
477C i4CV AL
478C SEE E



47;-1 Mev o0. A

4eocC RET
_ x> o~ _~_ xhx _Hx_*x ~~*~~#***~~~~* L e o - —~—— r- _ e — — _ *#_.__**ﬂ
~ THIS IS SUB~C~TINE FUR -
o ShiFTING D"TA FROe h.O_ _ I-=MORY LUCATION = TO D.E RP
~* o000 —~— — _—— —_ . > o~ _.,m*~*~~ ~***~~~**~***~#*~~*~**
4810 DE~P LHLC STRT2 STA~TI11~-G AUD~CE3 WHE~E DATA ~0 8
4820 MOV D.L SHIFTED UR PROGRAMMED IS LOADED
4 E3 MOV E. H lw D.I. —p
"S4() RET
—_ — ———_ - HHxIxXxXxHXx _* - i - xx _ ****c.:k.......r_— :'*_.,....***.\,*******4*

(
n THIS IS sue~CUTINE FCR
n SHIFTI NG DAT <. FROM TWO ME~O-~Y LOC'TION TO HL RP

4ES,- HLFP LHLD STRT I STA-TING  ADDRESS ~HEREF~OM DA'IA
4860 I-GV A.L TO 8" SHIFTED IS LODED IN H,L RP
487(, MCV L.H

4880 MOV H.A

489( RET
~* _.(,*_., F*hk frIFAhkdkFe K _FhAA _Kk KhkAk KRR IFIRA_K Kk Kk

SUBROUTINE FCR WRITII-G START. END ADDRESS & THEN ENTERING
" THE ADDRESS MANUALLY FROM KEYBO'PD FOUR DIGITS CAN BE

" ENTERED AND ALSO CORRECTED BY CURSOR SHIFTING
O i T I I e S T L N S e R

4900 ESEACO- CALL LSACI V-VRITE START END ADDRESS.
4—-1(: LXI1 H.CEA41)t1

4920 CALL CURSD PLACE CURSDR AT DESIRED PUSITION
4S3~ CALL LDADR LO'ID ADDRE~S

4932 LHLD MEMfd SHIFT TH"C EIHERED "DDRESS
4935 SHLD STRT | TO STRT I

4S54 .~. CALL LEAD W~ITE END ADDRESS

"™s5i) LXI H.f. EB2~'H

49{,,~' CALL CURSC PLACE CURSO~ AT PCJSITI8N
497u CALL LDAD"

498~; LHLD MEMRI SHIFT TH~ ENTERE~ ADDRESS
490;": SHLC ENOI TU E"DI

5COO0O RET

*x Kt e ~Fe L FFFHxFIxFIFIKIIITA L KT KT _FHxIFIIxIIIIIAIAA L _FIxIII KK

* - - -
THIS' IS SUSRCUTI"JE FOR EI-TERING ADDRESS IHERE DATA T'J 8E
" STORED OF PRCGRAMMED
~Fx K. F_Fx FTxIxIExIxIXXxIXIxIA _KKXx _ _FKXxXx xxI*FIxIA _ Ko _F* Ko __FKTEx _FXxKXKXA ___
5CI~ ETSACD CALL LSAD3 W~ITE"ST~RT ADDR5SS* ON 3RD LINE
5C2~ LXI H.CEBA~h
503!.: CALL CURSC
504" CALL LDAKO
51';5;"" LHLC MEMPI T~ANSF=~; THE ADDI"*ESS
505t) SHLD SThT2 TO STKT2
5~7v RET
~~~~~~~~ *~~******#*~**~~X~~~*~~~*~~~~~~~~~*~:~*********
SUEROUT INE FOR CLEAR I,"" ItiIE. Ml ~1Et.J'J
— ey R PR FRERY ARk UK AR Tk hh o khk -k ki ke
SC1lBe CLf";:; LXI D.~:E95)1-
5CC;i~' CALL SPAC::

510a LXI  D.IEAJi)!,
511G CALL SPACE:
512: LX1 D.OcA90OH

513 C<'LL SPACE
514() LXI D.'EBIC>H
sIsY) CALL SP'CE
516'; LXI D.C; EsiOr
517'.. CALL SPAC"

518'J LXI D,CE9(JH
51<,;(; CALL SPACE
52c::> LxI ~>{JECI~ H
5210 CALL SPAC=
5220,) LXI D.OEC9vH
523~ CALL SPACE
5240 KEY



A-8

~ K mF KKK AKX _g@FFAAK Y KA FEK KkA___KxEA K KkAk K
" JHIS IS '‘DELAY' SIJOROUJIhE "rlICH -'[LKES A 5( MILLI SECOND
LCCP AT [, CLCCK FREQUENCY OF 3 MEGA HERTZ
~~~~~~~ *h kkk AhkkAARKKK hhk kkkkkkkk hhkk kk GHAAK g kK
5242 DELA? PUSH ©
5244 LXI  D.18~OH 1£~tH IS FOR ~ MEC4 HERZ CLOCK
5246 DLLOF DCX 0
5248 MCIt A, D
5250 01""1E
5252 IJNZ  DLLOP LOOP  18C-C>H TIMES
5254 PCP O
5256 CT
*h L Kk ** ek _dokkAAAAhRIK| Kkkk khk hkkk kkkkk ***$****** *
" FOLLCWING ARE THE SUSFOUTIN-S ~  FOF DISPLAYING DIFFE~ENT’
"ORDS AT PAFTICUL['R LO":ATIC,,:;. L8CA,IDNS 4PE LOADED
IN D,E RP US WG Ir<STRJICT ION LX | D. ADDf

KhAkh _hhhhhkhi _khkkhkkhk dhkhh Kk Kh o _ Kk _KEhIkkhAk _K _KhkkhAhkhkkik Khkhkkikx

DISPLAY'MASTER'IN FIRST LINE

5258 LMSTI LXI  D,vE[,94H

5260 CALL CMS5T

5270 RET

5281} LMST2 LXI1 D CE:J14H DISPLAY'MASTEr:" IN  SECOND LINE

5290 CALL DMST

53\;0 RET

5231 LMEMI  LXI  D,OEA94H DIS PL AY'IE™O!=. Y' IN FJPST LINE

5:::4( CALL DNEM

5350 REI

536~ LMEM3 LXI D,0OE394H SECOND LINE:

5370 CAL L DMEM

~~8( RET

539C  LS4DI LXI C.~EA98H OjSPLAY+ST4l.T ADDHESSel| t-

540~ LXI H .5110 FIRST LINE

5411 CALL DSPT

5420 R5T

543\i LEAD LXI D,~ EBIBH DIS PL4Y' END 4LJDf:.:L5S'

5441 LXI H, E4D

545) CALL  eSPT

5470 RET

548'.1 LSIID3 LX | D,.JEB9BH OISPL4Y 'START 4ADD"E~S'IN

5490 LXI H,SAD THI r.D LINE

55C0 CALL DSPT

::510 RET

552C  LSLVI LXI  D,0E494H DISPLAY" SLAVE'ltl FIRST LINE

558" CALL  DSLV

559( RET

5cCO  LSLV2 LXI  D.OE6I4H

515 | CALL DSLV

562-) RET
KK e ——— x K KA _FxIIXIXFIxIA _FKXxFIxKA _KXx _ **7~~*~**~~* - X*~*******
% FOLLC~ING ARE ,HE SUBROUTINES FOR DISPLAYING DIFFEREhT
* ~CRDS AT DIFFERENT L~C4TIONS.~DRDS ARE LDIIDEO IN HL -~P

A~D LOCATIONS ARE, LCAD~u IN u.E _POP.

xr o —— _ ~>>~*** & _ . KT _ x - *~**~*~~~**~~***~%************

5c3(' DI~SJ LXI H.MST DISPLAY'I~A:;,EF

~E (IILL  CSPT

51550 RET

56&D DSLV LXI  H,SLV DjsS P...AY 1| Si. Il VE »

5157 CALL CSPT

5c80 "GET

5690 DPRG LXI H.PRG DIS P.~AY « PRJ: GR AM «

570;,; CALL CSPT

57\" R:ET

~7200MEM  LXI H,MEM

57:;3) gALL eSPT

5740 RET

5750 OVER LXI H,VER . .

5741J CAL L DSPT DISPLAY'VERIFY

575~ RE,

576~ Dt1S LXI H.MSE . .

577 CALL . DSPT DISPLAY'MASTE~,SL4VE EPROM

578,) RET



57t;;0 DERs  Lxi H.rifS DISPLAY'EPY,OI" EP:"S~D

SE("O CALL eSPT
5EIJ  I'ET
S92,) DRD LX | H. RO DISPL~Y'RE~O'

SE3) CALL eSPT
5E4C RET

S8SD TO MVI  L.4FH LOAD ASCII ceDE OF T AND O
5eb C  MVI H. 54 H lij H L R?

5f7" RET

SEse DDIS LXI H.OIS DISPLAY 'DISPLAY"

SE90 CALL eSPT
S<,00 RET

5910 OMSM LXI H.r.s,.., DISPLA'f 'MI.STEF.  SLAVE .1"-1EMORY'
S920 C4LL DSPT

5930 RET

5<;40 DMCV LXI  H.MCV OISPLAY'I1CVE'

S9S0 CALL OSPT

5<;6L; RET

5<;70 DPf;T LXI H,Pr:T DISPLAY 'P"INT'
S<;so CALL DSPT

S<;90 RET

6Ct.v DEFR LXI H.EPR DISPLAY'EPF.OM'
6010 CALL DSPY

6'12,) RET

6030 OSLC LXI H,SLC DISPLA4Y" SELEC1’
6C4") C4LL DSPT

60S0 RET

~FTExKIA _FK _EKExKA _FKErEAIEIXIXI(__FKhk FIxIXxEAX X FThxIA _F o _F o _F o __FThk_KxKXK kkhkkk#

SUSF;:OUTINE'LOP'FOR LOOPING UL1JTIL CUIICNT OF B.C RP IS

(0]
4*~~~* ** FhIAIxdxkhkdx FEIxIxIxIIxhhIdxdxIddxhhrdxdhki—Fh__F - _Fh _F*XxIxxh _Fhx _***%

e<'-6( LOP STAX D
6C:7-:" If-X D
6-)8(, OCR B
6C9(1 MOV A.S
610" CPlI 00
61lle RET

F————~—— E K o & R o o e e I e *******#*****,._**************
SUBROUTINE FOf, PUTTING = 44 STARS:*J IN A LIf-E
KK e ——— FTErIE _FAEXEIAIxIXAIAITXAIAXIXAIAITIAIXXIAIArrdxkxdxdr _Fd _FdFh _Kxdxkxixx . _F
6120 STAR MVI B.2CH
6130 LUPI MVI  A2AH 2A IS :IsCll COOE FOP -
614" CALL LOP
6150 JNZ LOP I
616'1 RET
~~~~~~~ * KAKAIAAAAA KA AAA A _AAA AAAAAA—k—Kkkh KA —kk _Khh _ _K_khkk%
T SUSRCUINE  FRR LEWTT NG.L3 SFLQ&%J;*L';JNEW-*********J
617~ SPACE MVI B.28H
61S0 LOP2 MVI A.2tH 2,H IS <,5Cll CODE FOR SOACE
619~ CALL LOP
62"0 JNZ LCP2
6210 RET
~~~~~~~~~ KoK KK IKAK AL Kk KA AAA KAk A _KFxAk _Khk—kKAAK _KKkk-
~ SUBRCUTINE FOR DISPLAYING 4) OASHE'S IN : LINE
K o e d KA IIRAI A _KAAI _Ad _dp —Fh K _Fkkh K _d

6220 DASH MVI B.2(H

623t LOP3 MVI A.2DH

6240 CALL LOP

625'1 JNZ LGP3 !

626C RET % ok |.
SUBROUTINE FOR ~AKING 7 SPACES 07 00000000

627v SVI\SP MV! 8.r7H

528>:. LOP4 MVI A,3~H

629C CALL LOP |

63(,") JNZ LOP4

6311 RET



; SUeRUUTINE FOR PL"CING CURSUR AT " P"RTICUL"~ LOCATION
"CC~ESS OF LOCATION IS LO"DED IN H.L hP

SO ~——Fx . K FKx_*x WM****~4-3\';&3¥*********

6~2D CU~SD SHLD DFFFEH

b~3J MVI  G.2UH

634;) C"LL 103H

6351’ FET
~F e e F Kk KRR KA_KARKIR A KA KA AAAIA A AR AA KA Ak AkAA
* DISPLAY SUBI'.OUTINE. THE "DDRESS OF THe wORD TO BE

EISPiAY —_—— L%*L &DEE.—..%]‘Q%,*B:B:***~*~*.~ny~**~********

6360 eSPT MLV A.M

6:37.) CFl <FFH

6:380 Rz

10390 STAX O

64C U I NX H

t:41\. 1'X (0]

6420 JIIP  DSPT

f43(; RET
K. X K KKK FTFIxFIFITIAA L _FKHxFIxIA ******¥***~~~*******
% SUBRCUTINE FOR FETCHING THE CONTENT OF AN EPROM “ND

;"-10

—~— D1 I PTG

10440
6450
64M.
6470
64BO
649C
65{C
10510
6520
65:3(1
6540
6~5fi
6560
659(>

Pl [P
*hk _Khhkkhkhkhkhkkh dhkkhkhhkkhiii Ko *************$****

"H8LEP" MOV - H -

OUT 0139H SEND HIGH BYTE ADDRESS
MCV A.L

OUT~, BAH SEND LOW BYTE ADDf,ESS
IN DBSH INPUT THE CUNTENT
PUSH 8

~\CV B."

CALL If 3H

PCP U

X ti

~\CV AB

ohA C

JI'’Z DSLOP

RET

i*** 00 _FhKhhhkhkhkkhhk K _hhkhkhkhhkhkhkhihk_ dhhkhk _dhk _Aggh_Fhhkhk Fhkhhkhhhk

* CATA FIELD STARTS FROM HERE.THE BYTES ARE ASCII
CODE OF THE WURO W-~ITTEN AT THE FIGHT SIDE

10SC'O
oSI C
6S20
6S3"
6S40
6<;50

~%

SAC C~ 1314H STAFT ADDF-=SS

KHxhHI* _FxIIxIXxXxXIxIxxXxd _KXxXx*x Krh KA _ KX _ KX Fh o KXo

O« 1112H
D~ 1420H
Des CI1(;4H
D" 0412H
Dv. C"DI3H
Des 132CH
DE OFFH

EAD C~ 2;2~H END ADD~~-SS

D...«O5C'Eh
Dv. c¢.e 2~%H
0 ee C4(,;4H
0I<C412h
D\ C51-~h
Ow 132CH
DE CFFH
COP C~ C3:-SH COpy
Ow le 19H
DE CFFH
FRM CW DtI2H FROM
0l1< OFt DH
DE OFFH
MST Cee CC~IH M"STER
01> 1314H
D~ (;512H
DE OFFH

Rk

*#i



SLV
Dee
0 .eee
DB

SLC
Drw
Dee
I

PRG
D.
DwW
Di<
DE

UTL

D\
Dl,
DE
~EI,
D\
Di<
DE
SEL
D\"
Dv-
D.
D ~
Dn
D ~
D"
0 e
D~i
D\
DIl
Ow
0;";
DE
DIS
DwW
DI>
DW
DB
VER
ow
DW
OE
EPF.
DI>
D~
DB
ERS
Dv:
D\t.
DE

DI 13: CH
Ol16H
C5'2C.H
CFFH
Cw 12~5H
cc( SH
C'314H
CFFH
CW Ifil2H
F;7H
1201 H
(;D2C'H
CFFH
(W 15:,EH

14~9H
OC20H
QF'FH
C. 0CO5H
GDGFH
1219H
CiFFH
C" 12201-1
52CH
CC2~.H
0520H
[.320 H
14 2( H
Jd9 2(C H
")F20 H
I'E2~ H
~...2C'H
CD2'-.H
052(H
OE20H
1520H
OFFH
OW 0409H
1310H
<:leGIH
192(H
OFFH
C,,; 16t: 5H
151.:9H
12ti9H
OFFH
Dol! ('510H
12(,FH
CD2" H
OFFH
D,," (51jH
0113H
C5(.4H
CFFH

RD DI< 12[;5 H

D\;
DE
MOV
D—..
DE
PRT
DIl
DA\rl

oi1(4 H

I, ;FFH

Cv. COCFH
16tSt--:
CFFH

C.... ICc2%H
C97Eh

li;. 20 h

75C;~) DE CFFH
™S DI> (001 H

76(;0
7tl0
762e

7F:3(
7640
71:5C
7660

Oil

1314H

O. 0512
01> 2: 131-1
Dw OCO I H
O\ 16f:5H
OE OFFH

A-11

5L4VE

SEL ECI

PRO GR™™"

VOIT IL

MEMORY

SELECT

OISPL™Y

VER IFY

E~A SED

REII ID

MOV E:

Pi< I NT

1 U Ol

MEN



APPENDIX-B

Pin Diagrams and Programming Waveforms
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PIN CONFIGURATION (IOr VIEW) FUNCTIONAL DESCRIPTIDII
51nC( th~ fI D.t~.p~ lalch~~ U\r P~Hllran~I~lor Trl;HA 101 tn~'
outt3:3;  conupt innlll 03 @a"id  Iflilbil. In~G; t, whiut  "ft
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Pin diagram st Intel74LS373.

rIN  CONFIGURATIDN (Tor VIEW)

e FUNCTIONAL DESCRIPTION
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low j~ input /..1s low and Y is hiph ii A is hli-t. When
n hidh. el oj Y1. Y:0. Y=" anc Y.. art' in

imp!"carlct: s121~. Irrespective of thf' s1;;lus of A.
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PIN 'CONFIGURATION nop VIEW)
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Pin diagram of 74LS133.
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PROGRAMMING WAVEFORMS
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