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SYNOPSIS

Car theft hasg increased throughout the country . There
are experts who can steal cars within minutes. It is common
knowledge that the car accessories cost more than 50% of the
total cost of the car. So care should be taken to protect
these accessories also from being stolen The purpose
of this system Automobile Antitheft Alarm is to prevent the
car as well as the car accessories from being stolen The

system is go designed that it takes care of 4 Uhe

et

POssibilities of a thief entering a car.

The alarm System used should be in such a way that 1t
attracts the people in and around the place. at the same
time, the alarm should not be of nuisance value to the
owner. If so, the system can readily be made to give false
alarms, so that the theives can easily persuade the owners
to disconnect the system by repeatedly false triggering  the
alarms. This can be avoided by adjusting the sensitivity of

the system.

The microcontroller we make use of for this system ig
Zilog Z86E04. The use of thisg microcontreoller reduces the
size as well as the cost of the whole system. The

reliability also increases to a greater extent as the life



of the controller is the main fact to be considered whereas
if a controller is not used, the life of eaca block has o
be considered separately. So the Failure Mode Effect

Analysis [F M E A] becomes complicated.

This system eénables the owner to be free without the
tension of his car being stolen. The System is so designed
that the owner need not take any pains to check if the
System is "ON" before he gets out of the car. The System 1is

switched on by itself when the owner locks the car door.

This system has been tested and found to be worklng tao
the customer's satisfaction. Some real time Pilot units of
this system have been released by "PRICOL" to Survey the

response of this unit in the market .






I. INTRODUCTION

The automobile antitheft alarm has been designed mainly
Lo provide a fool proof method to protect the automobile

from theft .

The second type gives Protection against the car

burglar who merely wishes to Steal objects that are left

The wurge for designing such a system is due co the
increased rate of theft of cars and car ACCessories . Cne
More reason which added fuel to fire to design such a system
is that there is npo Indian Company that actually
manufactures a car theft alarm. Generally it is imported

and then solg in India.



The systems 80 far available in the market have

ne
Protection against tow-away thieves, Th:s Automobiie
Antitheft Alarm provides Protection against tow-away thieveg
also

Moreover,



MODES oF BURGLARY



II. MODES OF BURGLARY :

very commonly inp day to day life. The following are the

bopular modeg of burglary found often.

duplicate key. Thig is the Simplest technique by which
he can enter the car by opening the lock, evern in 4
densely pPacked ares. But there may be 4 Chance of Che
Pwner using different key for ignition. In  thar
case, the burglar may even try another duplicate to
drive away the car or he may run away with the things
left ip the car ang most commonly tape recorders gre

Stolen away .



even run away with the Car. The thief

2an use duplicate
ingnition

of the ignition

-1g of the engine,

, battery, Pumps, carburetterg etc.

This Usualliy
cannot

be preventeq unless the owner

Mnakes g point ¢
park it 4ip safe areas.

e






III. SYSTEM OVERVIEW

Let

the

i1 system Comes
It is given through 3

"égulator (7805
for conversion from 12 v to 5 v,

The input 8ignals to the microcontroiler come from

i) The transducer

ii) The password control (DIp Switch) ang the output
Signals g0 to the

i) DAC 1ladder network

ii) Alarm and

iii) Immobilizer unit.

A 4 MHz €xternal clock is generat

ed by
RC network.

The output of DAC ig Connected
used as a reference.

% Crystal with =z

"0 P33 which 18

The owner loads a bPassword from the sccket in to
buffer initially and when the driver sidedooy

is locked, rhe
bPassword ig transferred to the controller.

By giving



several inputs to the DAC and comparing Lt with the

transducer output a digital reference is generated.

The output of the transducer is sampled regularly and
when any variation is sensed it immediately triggers a timer
routine. Within 10 seconds, the system expects a password.
which if not given precisely triggers the alarm and the

immobilizer, thus performing two functions simultaneously

ie.,
i) informing the public

ii) preventing the vehicle from getting started by

theans of hot-wiring

In case of a failure of the alarm, as an alternative,

the car horn can be made to sound.



SALIENT PARTS OF A GAR USED
IN THIS SYSTEM



IV. SALIENT PARTS OF a CAR USED IN TEIS SYSTEM

4.1 SHOCk ABSORBERS

A wide variety of shock absorbing devices have been
used to control Spring action. Today, nowever . direct
double acting, "telescoping" hydraulic Shock absorbers have

almost universal application.

At the front, each shock absorber often extends through
the coi} Spring from the lower control arm g 2  Dracker
attached to the frame. On Chrylser cars wich torsion par

Suspension, tpe front shock absorbers attacn co rpe lower

In  the cage of high-mounteq Coil spings, €ach front

shock absorber extends from the upper control arm g 3

At  the rear, the lower end of rps shock absorber
usually ig attached to 3 bracket welded o the axle housing,
The upper end is fastened to the frame or £o the coi} Spring
upper seat, which ig integral with the trame oy body

On  cars with rear left Springs, the rear shock absorbers
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generally eéxtend from ga Stud attached to the Spring  J-poit
mounting bracket to the frame Cross member. Quite often the

rear shock absorbers are mounted at an angle to asgist in

four rear shock absorbersg to give better ride control . And,
for this Same reason, some Chevrolet cars have "biarwmounted"
rear shock absorbers. The curb-side unit isg mounced ip
front of the axle housing; the Steet-side unit is mounted in

back of the housing. Some Ford cars feature this

arrangement, too,

The operating Principle of direct»acting hydraulic
shock absorbers consists of forcing fluidg through
restricting orifices in the valvesg. The restricted flow
Seérves to glow down ang control the rapid movement of  the
car sSprings as they react to road irregularitles.
Generally, fluid filow through the Piston ig controlied by

Spring-1loaded valves.

The hydraluic shock absorber automatically adapts
itself to the severity of the shock. rf the axle moves
Slowly, resistance to the flow of fluigd will be light . If

axle movement is rapid or forceful, the resistance ig much
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Sstronger since more time ig required to force fluiqg through

the Orifices.

By these hydraulic actions andg reaction, the shock

The double—acting units operate efficiently in both

directions. Spring rebound can be almost ag Violent gag the

4.2 BATTERY IGNITION

4.2.1.IGNITION IN THE SPARK IGNITION ENGINE

The design of the ignition System in the spark-
ingnition engine depends upon how ignitjon is triggered,
ignition timing adgustment and how the high tension is
distributed and conveyed. Table 1 shows @ classification of

various ignition Systems.

4.2.2 IGNITION POINT

The ignition point is essentially dependent on Che
variables "engine Speed" and "loagr . It is dependent Uporn
the éngine speed Since the time taken for Complete

combustion of the mixture at constant ckarge and with &



An ignition

Ignition triggering

{(pulse generator)

Determining the igniting

angle of the basis of |)e

Speed and 1lpaq conditian

of the engine

High-tension deneration

Distribution and

assignment of the

ignition "spark to
the correct ¢ylinder
Power section

Table 1.

Definition of the ignition system.

s8ystem must

Coil

ignition

Mechanical

Mechanical

Inductive

Mechanical

Mechanical

pPerform atleast the following functions
Ignition system
TI SI

Transistorized Semiconductor
ignition ignition

Electronic Electronic

Mechanical Electronic

Inductive Inductive

Mechanical Mechanical

Electronic Electronic

BSI

Distributor-
semiconduct

ignition

Electronic

Inductive

Electrnic

Electronie



constant air-fuel ratio is constant and, thus. ignition must
Ooccur earlier with increasing engine speed. The dependence
upon the 1load isg influenced by the leaner miXture in che
case of low loads, the residual gas contert and the lower

charge of the cylinder. This influence causes a longer

that the ignition angle needs to be advanced.

4.2.3 SPARK ADVANCE :

The behaviour of the ignition System as a function of
the engine speed and load is incorporated in the ignition-
timing function. In the simplest case, the ignition—timing
function compriges a centrifugal advance mechanism and 3

vaccum control unit. The vaccum is largely a measure or rhe

engine load.

Semiconductor ignition Systems also allow for other
influences of the engine, €.9., temperature or changes irn
the mixture composition. The values of all ignition timing
functions are linked either mechanically ox electronically
in order to determine the ignition point . The energy
Storage device must be charged in good fime before rhe
actual ignition point. This requires the format:orn oYz

dwell period or dwell angle in the ignition system. The



energy is generally stored in an inductive storage device,
and,  in rare CaBes, in a capacitive Storag: device The
high tension results from disconnecting the primary inductor
from the power supply followed by transformation. The high
tension ig applied to the cylinder currently performing the
working stroke. The position information of the crankshast
required for this is Pprovided by an appropiriate Mechanism
via the ignition distributor drive if using an ignitien

distributor.

In the case of Stationary high-tension distribution. an
electrical signal from the crankshaft Or the camshaft is
required for this purpose. The connecting elements {(plugs
and hightension cable) convey the high tension to the spark
plug. The spark Plug must function reliably ip Al i
Operating ranges of the engine in order to always ensure

ignition of the mixture,

4.2.4 FIRING VOLTAGE :

The excess air factor and the Cylinder pressure which
is determined by charge ang compressor have:, together wirh
the electrode gap of the spark plug, a Crucial influence
upon the required voltage and, thus, 1pan the required

Secondary available voltage of the ignition System



4.2.5 IGNITION oF THE MIXTURE - IGNITION ENgRGY

Approximately 0.2 mJ of energy is required ver
individual ignition for igniting an  air-fie] Mixture Dy
electric sSparks, Providing the mixture (static, homogeneouS)
has 3 Stoichiometric Composition. Rjich and lean Mixtureg
(turbulent) require over 3 mJ . This amoun:t of energy g

but a fraction of the total energy containeqd in the lgnitvion

Spark, the ignition energy .

If insufficient ignition energy is available, ignition
does not occur; the mixture cannot ignite and there are
Combustion misges, This is why adequate ignition energy
must pe Provided to énsure that, even ader WOrst -casge
external conditions, the air-fuel mixture always ingnites
It may suffice for g small cloud of explosive mixture (e
move past the Spark. The cloud of mixtuzre ignites and, in
turn, ignites the rest of the mixture in the Cylinder. rhys

initiating fuel combusion .
4.2.6 INFLUENCES ON IGNITION CHARACTERISTICS:
Good induction and easy access of the mixture to the

ignition spark improve the ignition characteristics as  dc

long spark duration and great Spark leagth or large



°

electrode gap. Intense turbulence of the mixture alsc hag &
similarly favourable effect Providing that adequate energy
is available. The spark POsition ang Spark  length are
determined by the dimensions of the spark Piug. The spark
duration jig determineq by the type and design of ignition
System and the instantaneous ignition Conditions . The spark
Position ang accessibility of the mixture tg the spark plug
influence the exhaust gas, particularly in the idle range

Particularly high ignition energy and g, long  spark

If we compare a normal breaker—triggered coil ignition
System and g high energy transistorizeqd ignition System, e
can see that the Spark of the transistorized ignitoin system
Clearly reduceg ang Stabilizes ye emission . Smooth Tunning

of he engine is also Stabilized at the same time.

Fouling of the spark pPlug is also an important factor.
It spark pPlugs are heavily fouled, energy is discharged from
the ignition coil via the Spark-plug shunt path during the

period in which the high tension is beinc ruije ki) This



shortens the spark duration, thus affect:ng the exhaust gas
and, in Critical cases (if the spark plugs are badiy fouled

Oor wet) may result in complete misfiring, » certain amount

Ccatalytic converter.

4.2.7 POLLUTANT EMISSION .

The ignition angle z O the ignitiopn point hag ap
imporﬁant influence on the exhaust gas valves, the forque,
the fuel consumption ang the driveability of rthe spark
ignition engine. The most important PoOilutants 4np the
exhaust gas are the unbuned hydrocarbons ‘HC),  oxides of

nitrogen (NOX) and carbon monoxide (Co) .

The emission of unburneq hydrocarbong increases with
more advanced ignition. NOy, emissior increases with
more advanced ignition in the entire air-furel ratio range.

The reason for this ig the risge in cortbustion Chamber

CO emission is bractically independent ot the ignition
point and g virtually exclusively a function of the a1y

fuel ratio.



4.2.8 FUEL CONSUMPTION .

conflicts with the influence on pollutant emission. With
incregsing eXcess-air factor » ignition mugs OCCur earlijier
in order tg compensate for the lower combusition rate and
thus maintain an  optimum combustion process. Thus, ap
advanced ignition ‘pPoint means lower fuel consumption ang
high torque but only if the mixture is controlled

accordingly.

4.2.9 KNOCKING TENDENCY

ignition point and the tendency of the engine o  knock

This isg demostrated by way of the effect of 3 Loo early oy
too 1late ignition point (by comparison with the correcc
ignition point) on the Pressure in the combustion chamber

If the ignition point is too early, mixture at  varicus
points in the combustion chamber algo ignites oOWing to the
ignition Pressure wave. This means that the mixture burns
irregularly and intense Pressure fluctuations occur with
high combustion pressure peaks. This effect, called
-knocking, can be heard clearly at low engine Speeds. At

high engine Speeds, the noige 18 smothered by the S1lgine



Noise. gyt it is bPrecisely ip this range *“hat knocking may

4.3 SPaRrk PLUGE .

The gpark Plug Consists of 5 centre €.ectrode, which ig
Connected tq the ignition coil Secondz.ry through the
distributor. The center electrode is insulated from the

Spark Plug shelj by meansg of a moulded insvlator resembling
Porcelain. The sige electrode Protrudes from tpe bottom
edge of the spark Plug shelj . It is PoOsitioneg SO that

there jg 3 gap between it and the center elactrode

The Spark Plug gap is adjusted by bending the gside

electrode.

Spark plug gaps (U.s. éngines) range from approximately
0.020 to 0 080 in (0.501 to 2.032 mm) . The gap must e
carefully set  in accordance with the Manufaccourey -
SpPecificationn The gsize of the gap is dependent on  the

Compression ratio of thpe €ngine, ang on cbaracteristics ~t
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the combustion chambers ang ignition System. The <reng
toward wider Spark plug gaps was made Possible by improved

ignition Systemsg .

Once, g 0.25 in (0.635 mm) gap was ?irtually standard
On all engines. Today, however, manufacturers Specify gaps
of 0.030, 0.035, 0.060 and 0.080 in (0.762, 0.890, 1.s2 and

2.03 mm) p wider gap includes more air fuyel mixture than an

The shel} of the spark plug ig threaded, g0 it can re
removed ang reinstalled with easge. All but tapered gear
plugs require g gasket. The following threac sizes are  used

10 mm, 14 mm, and 18 mm.

In  addition to having the Correct gsijize thread. the
Spark plug muat extend into the combustion Chamber the
correct amount (reach) . The correct point for the spark
plug electrodeg in the combustion Chamber ;g determineg Uy

the engine engineer .

result in the valves or Piston Striking the Spark plug. It
a plug with 4 short reach is installed, the electrodeg

become partly sheltereqd by the Spark piug hole in pa



Cylinder head. In this case, engine roughness and M1SSing

probably will result .

4.4. IGNITION COIL

4.4.1.CONSTRUCTION :

The ignition Coil consists of a metal housing which

fields. The sedondary winding is wound directly onto the
laminated iron Core and connected electrically to the center
tower in the cap of the ignition Coil via thre core. Since
the high tengion is applied to the iron core. the core must
be insulateqd by the Cap and an additiona]l insulator inserted
in the bage. The pPrimary winding is located near tc the

outside around the secondary winding,

The insulated ignition coi} cap contains the terminals
15 and 1 for the battery voltage and the connection tc the
contact breaker, Symmetrically with the high-tension tower.
terminal 4. The windings are insulated ang mechanicaliy
locked in position by potting with asphalt . Q1l-ftilleqd

ignition coilsg are also available.



Fig 356-3. Sucticnal view of an ignition distributor for a V-8 engine.
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The Power loss occurs Chiefly in the Frimary winding
The heat jig dissipated through the metal plate jackets rq
the can. fThig 18 why the ignition coil is secured :n The
bodywork with such a wide clamp so that A8 much heat agq

possible is dissipated via this metal bang.
4.4.2 FONCTION

The primary current which ig switched on ang off by the
ignition distributor flows through the Primary widing of rhe
ignition coil. The magnitude of the currenc is determined
by the battery voltage at terminal s and the ohmic
resistance of the Primary winding. The Primary resistancea
may lie between 0.2 and 3 ohms, dependent upcn use of rhe
ignition cojil . The Primary inductance L; ie a few my The
following formula applies to the energy store¢ .p the

Magnetic field of the ignitin coil
' Weo = 1/2 1L i2
Sp 1 - 1
WSp Stored energy, L; inductance of the primary winding, Ly

current wihch flows in the ignition distributor At Che

moment at which the contact breaker opens



At the ignition point, the voltage art terminal 4 (high-
tension tower of the ignition Coil) riges approximately
sinusoidally. the rate of rise is determined by the
capacitive 1pad at terminal 4. When the breakdown voltage
at the spark plug is reached, the voltage drops to the
Sspark voltage of the spark plug and the energy stored in the
ignition coil flows to the ignition Spark. Ags soon as the
énergy no longer suffices to maintain the glow discharge
the spark breaks down and the remaining enargy decays in the

Secondary circuit Oof the ignition coil.

The high tension is polarized such that the center

electrxode of the spark plug is negative with respect to the

vehicle chassisg Oor ground. If the polarity were the
reverse, this woulg mean g slightly higher required
voltage. The ignition coil is desigined ag an  auto-

transformer such that the Secondary side ig connected re

terminal 1 to 15.

In the same way as the primary inductance ang the
primary resistance determine the stored energy, the
Secondary inductance determines the high teasion and spark
charaéteristic. A  typical turns-ratic of Primary to
secondary windings 4ig 1 : 100. The induced voltage, the
spark curren! and the spark duration are dependent upon hoth

the stored enerqgy and the secondary inductance



4.4.3 CONTACT BREAKER :

The contact breaker is controlled via “he breaker cam
which has as many lobes as the number of cylinders in rhe
engine. The breaker cam can be turned on the Lgriation
distributor Bhaft; it is adjusted dependent upon the engine
speed. dependent ignition timing adjustment input from the
centrifugal advance mechanism. The cam is configured such
that there resylts a dwell angle corresponding to the

ignition coil and the sparking rate.

Thus, the dwell angle is permanently preset for a
breaker tirggered ignition system and is invariable
throughout the entire engine speed range. However the dwell
angle does change throughout the service lite of the engine
owingoto wear of the cam follower on the breaker lever. The
abrasion which ig thus produced means that the contact
breaker opens at a later point. The resultant ignition
retard generally results in higher fuel consumption. This
is one of the reasons why the contact breaker needs ro be
renewed regularly and the dwell angle checked. Another
reason why maintenance is required is contact erosion
(pitting) . The contact must switch currents of up to 5 a
and break voltages of up to 500 V. On a 4-cylinder engine

with an engine speed of 6000 min~ ! the contact switches 12



000 timesg Per minute, thig corresponding to a frequency of
200 Hz. Defective contacts mean inadequare Charging of the
ignition coil. Undefined ignition points ang, thus, higher

fuel consumption and poorer exhaust-gas values.

oL
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V.FUNCTIONATL, DESCRIPTION OF THE PROJECT BLOCK DIAGRAM
5.1. DESCRiPTION OF INDIVIDUAL BLOCKS
The system Ooperation isg described ag various blocks.
5.1.1 SHOCK ABSORBER :
dealt with in the previous<chapter. Due to the high
sensitivity of the shock absorber, the transducer is placed

in the shock absorber . Though there are four shock

absorbers above a]1 the 4 wheels, the transudcer ig pPlaced

noted that even if there ig 3 bressure given at the back of

to its veérsatality in sensing any minute movemen« in  any

part of the car, especially while towing.
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5.1.2 TRANSDUCER .

The pressure transducer used here is 3 gauge or
differential package transducer. It is based around a power
active element piezo resistive bridge construction which hag
been laser trimmed to enhance device rFerformance. The
gauge sensors use atmospheric Pressure as 4 reference
whereas the differential sensors will accept two independent

pressure sourceasg simultaneously.

Gauge style - 1n this mode, bressure is applied to port
P2 and port p1 vents to ambient Pressure. pini ig notched
and is shown at the right of the package. Pin2 is next to

pini
Differential Style - port1 is near terminals.

électrical connections for the two modes is shown in
the figure
Note .

1. Circled numbers refer to sensor terminals

2. Vo changes with pressure change Terminals






eLECTRICAL connecTiovs

Gauge  Style



Technical spocificaﬁon
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1. Pin 1 = vy (+)

s
2. Pin 2 = Output (+)
3 Pin 3 = Groungd (-)
4. Pin 4 - Output (-)

Pin 1 is notched, cabeled On plastic Pin 2 1S next to pin 1

5.1.3 MICROCONTROLLER :

The microcontroller is the heart of the System. The
input to the microcontroller is the output of the transducer

and the password .

The system gets activated when the car door is locked.

digital value and then stored at a particular register. The
Lolerance value which ig got after Practical considerating
is added to the value in this register. This becomes the

reference value.

§imilarly the password is Sent through 8 lines. This
is multiplexed for the sake of Convenience. Thig bassword ig
Sstored in two registers ie., the lower half in one register
and the upper half in another. Thege Lwo are 'orneg and

Stored in another register.



When a thjef tries to break into the car, there will bpe
Some  movement ip the shock absorber ang subsequently the
output of the pressure transducer wij] change . Once the
change ipn transducer Output isg detected, a timer waitsg for
10 sec for the correct password Lo be keyed in. After thisg

delay, if the password is not entered, then the alarm begins

If the correct bPassword ig given within the deliay
he system accepts it ang the car resumes ot jtg normal

State.

NOTE:

5.1.4, PASSWORD CONTROL

The password control board, which Ccan be g keypad ig
held as 3 Separate unit . The password can be entered by
Plugging this wunijit into the Socket provided in the
dashboard. The passworg entered before the system gets "ON"
is held in g buffer. when the door ig locked, the System
gets "ON" anqg the passworg in the buffer is moved intg a

register,



he opensg the door. At this moment g delay of 10 Sec startg.
Now the owner has to get into the car, plug in the unit and
then enter the Passwword within the delay time. Now if thig
Password Matches the one that ijg already Stored inthe
register, the system gets deactivated. Or else the alarm

sSounds .

The aim of having thig a8 a separate unit is go that
the thief doesn’t have an input unjt to key in the passwordg

Or to even have & try. This ig Optional . If the owner

this unit bPermanent1y Connected to the socket inside the

5.1.5, BATTERY .

Basically the car battery is designeqd for a 13 1%
Supply. Aag MOBL of the digital IC’s useq work only with 5 v
Supply we go in for a regulator. For thig particular System
no  special battery System isg Needed apart from the regular
battery. Supply can be drawn directly from the distributor.
But Proper care should be takeﬁ to note that the batterieg
are charged fully Since in case of failure of the battery
System the entire alarm System will pe disabled. Hence some

Servicing techniques and charging Proceduresg should bpe



Software is to be effective in execution and Concise ip

Size. It can be Seen that this software has achieved both

The Software hag been Written considering all POssible
loop holeg which g4 burglar might think, g0 that any
possiBility of arriving at the correct password by mars
guess work is totally avoided. Thus we can S€e  that the

System ig Jquite fool proof.

The pmssibility of losing data in Ram due to any
bPowersurgeg may cause the bassword to vanish. In  such
émergencies 4 default Toutine takeg control of the System.
Techniques like vector manipulations, masking of interrupt
registersg €tCc have been employed, thus increasing the

efficiency of the Program,
7.4, EMULATOR CONCEPTS
7.4.1. INTRODUCTION

The Z86E04 and Zz86C19 are low cost bowerfyul
microcontrollers that embody the full core Oof the consumer
controller pProcessor (CCP) in a Small 18-pin backage. In
addition tq its small Size, dual analog Comparators, and low
bower., modeg of OpPeration, the watchdog timers make thege

Products ugefy] in many applicationg.



An emulator 4g an  excellent development tool for
€conomical Tode development, for reducing the exXpense of
using one Lime Programmable (OTP) parts during early
develgpment, and primarily for reducing rigk before going to
a4 maskable ROM part. Commercia] emulators have thejr
applicationg but in Many instanceg are not required. One
case where the investment in a Commercigl €mulator g

unwanted ig during bart evaluation and parameter testing

7.4.2 ccp EMULATOR DETAILED DESCRIPTION

The bagie 18-pin ccp €mulator jg Very simple tqo builg

and use, Its major partg are the Z286C90 ROM less c¢cp
microprocontroller, an EEPROM, and Some addess/Data
demultiplexing logic. An EEPROM Seérves as gap excellent

The Complete Schematic for the basgic low cost Z8 Mcu

emulator ig show in the figure. The pin Outs of the



This circuit configuration Provides tpe User witph the mogt
basic real time hardware emulation capability. Tc Maximize
the ease of use, 3 Zero insertion force (ZIF) Socket should
be ugeg for the EEPROM . The core building block can be

enhanceg in g nNumber of different ways to brovide the user

Ceramic resonator Or crystal is being used as 4 clocking
Source for the microcontroller. Note, the Source shoulqd be
directly applied to the 286C90 . This brovides 4 more
acCcurate representation of the Oscillator Performance than
the allternative Mmethod of bumping the clocking Signalsg
through a cable, vig the socketing Connector, to the 286C90 .

There are two significant Teasons for this, First, the



The emulator consumes more power than the target
microcontroller. As a result, basic power distribution and
filtering rules apply to the emulator pPower source. 1t is
recommended that the same power source uysge the targeted
microcontrmller and the emulator rather than using a
Séparate igolated Supply. The Schematic accounts for 0.1 Uf
Capacitorsg placed near the VCC pins of each of the active
devices. a 10UE capacitor is placed near the emui s~ - Tnpur

power sourca,
7.4.5. MULTIPLEXED ADDRESS /DATA LOGIC .

For this emulator application, Port 1 of the z86C9p is
configured asg a multiplexed address/data bus, andg port 0 is
configured ag the upper portion of the address buys. This
gives the emulator the capability of addressing more than
the 4 k of ROM memory limit imposed by the 286C19. The
EEPROM (Xicor X2864B-18) ig an 8 K x 8 device that allows
twice the DProgram Storage memory of the 286C19 andg four
times the storage of the Z86C09. Thisg extra memory -
useful for Patching the code under development . Extra
memory allows the bProgrammer to concentrate op code
development as a primary concern, and then code optimization

and "Squeezing" can be a Seécondary concern.



Because the address ang data buseg of the z8sc9q are
multiplexed, they are Separated for accessing Program
memory . The 286C9¢0 makes this task easy by Supplying the
/AS (Addressg strobe - active low) and the /DS (Data Strobe -
active low) signals. Aan inverted / AS Signal ig used by the
Lransparent latches to hold the address / data for the
EEPROM. The / DS signal is used as on Output enable (/OE -
active low) for the EEPROM to Place the Program data on the
multiﬁlexed addressdata bus. A timing diagram of the
pProgram Memory access isg shown in figure. Note that the

usage of Program memory is always a reag Operation by the

7.4.6 SPECIAL PROGRAMMING

There are a few Programming Considerations when using
the 2z86c9g to emulate the X86E04/19. First the Z286C90 haa

236 Genera] PUrpose registers (R4-r23g) while the z86E04/19

In addition to the number of general purpose registers
available tq the user, there are also some differenceg in
the control and status registers (R240-R255) between the
devices. The first of these differences OCcurs in the

Watchdog Timer Mode Register [wrMr - extended register g (F)



OF] . The differencesg occur if you Program bit p4 of ‘this
register top Select the XTar option as the watchdog timer
driving source (D4-1) . By using the on Chip RC circuit (the
default condition) there are no differences in the watchdog
timer activation periods. The differences ip the watchdog
timer“activation period between the devices when the crystal

Option is selected ig outlined in Table 2.

Take care when brogramming from he port 3 mode
register (R2247 p3m) to broperly emulate the Z86E04/19 bits
D7:D2 must be bProgrammed as 311 2@ros. This setsg P31, p32
and P33 gg inputs ; P34, P35 ang P36 as Outputs. Bitg D7:D2
are reserved in the Z86E04/19, so setting these bits to )

will have no effect.

The port o and Port 1 mode register (Rr248 POIM) is one
register that Must be programmed differently between the
devices. To properly emulate the Z86E04/19, the POIM
register of the 286E90 ig set to 96 H. However bit D4 of
Z86E04/19 must be set to Zero. The remairing bitsg of the
POIM register in the Z86E04/19 are reserved and shoulg be
Programmed ag all zeros. It 1is important that thesge
differences are remembered when converting the code from one

brocessor to the other.



The RaMm Protect option of the 286C9p (R251 - 1mp bit
Dé) should be enableq. This bit should pe brogrammed asg 3 0

for both types of devices.

7.4.7 ADDITIONAL ENHANCEMENTS

Additonal EEPROM (or Other) memory ig Supported by
using the unused latcheg address lines, 4 3 : 8
demultiplexer, and the /CE inputs of the EEPROMS . A full 64
K of memory ig accessed using the Schematic . Because
addtional wircuitry is being addeqg there is ap additional
time delay ip data availability. The maximum Specified
value; from/Dg going active to data required by the
Z286C9012, ig 130 ns. A faster EEPROM (Xicor X2864B-12) may

be required. This depends on the clock Speeds being used in

By adding some RAM andg Setting bit D3 of register 248
to a one, an external stack can be added. This ig useful
for debugging applicationg that are interrupt intensive
Register 254 and 255 gpe Programmed tg Map into the

appropriate RaMm Space.

Additional memory is not the only useful enhancement .

Other usefuyl features include single Stepping, break points,



real .time traces, and adding g direct Computer 1ipk.
Unfortunately the Z86c90 is not the perfect in Circuit
Emulator (ICE) chip, and adding single Stepping and break
points ig not done easily. This ig where the commercial

emulators come in. However, adding rea] time trace

A real time trace is achieved by Storing the latchéd
addess information and EEPROM datg . These values are stored
at tﬂe rising edges of /AS and /ps. The user then designs
Circuitry control of the trace (turn ©On, turn off, stop when

full, Ooverwrite, etc.)

task, and for those who do not like removing the EEPROM ang
placing it in g Programmer device it is a useful
enchancment . Also it controls other enchar.cementg like the
trace function and can report the contents of an external
stackj A logical candidate for this application ig the
286C91 . The UART on this microcontroller can be wused tgo
€xecute an Rg-232 interface. The design rules for the
Z286C91 are the same ag those outlineg for the Z286C90, so

half of the design is already Complete.



10

11

12

/DS active tgo EEPROM datg valid delay

MCU address valig to EEPROM
address valiqg

EEPROM addresgg valid to EEPROM
valid data

/DS active to datavinput required
Data inpyt S8etup time to /DS inactive
Data input hoig time to /Ds inactive
/DS Inactive to EEPROM data float

/DS inactivg to Mcyu address valid

Min Max
35
0
65

100

44

250

130
75
0

0 50



Table 2.

WDTMR XTAL Differences

D1 po Z86E04/19
0 0 XTAL 1/512

0 i XTAL 1/1024

1 0 XTAL 1/2048

1 1 XTAL 1/8192



7.4.8 CONCLUSION

The zg microcontroller family ig Very powerful . The
CCP series offerg very cost effective solutions for consumer
and  automot {ve applications. Emulating these devices ig
simple and cost effective plus it Provides keen insight into

their-specific uses.
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VIII. SYSTEM RELIABILITY

The system which has been designed now has the

following advantages:

* Cost effectiveness

* High efficiency of operation
* Maximum reliability

* Easy user access

Of the above advantages, System reliability ig the
important criteria as far as this particular product ig
concerned. Hence let us look in to the important aspects

as for as reliability is conerned.

Speaking about the reliability of the system, the
system is definitely reliable especially in comparison with
the very many other anti-theft products existing in the
market . The reason is due to its versatility. The system

is reliable against the following cases;

* No one oan easily enter the car and even in case of
entry,he will be Scared by the alarm System after g

delay of 10 secs.



* Also the password control would be in a handy package
which only the OwWner can use for that particular unit

in use »@8  we have locks and keys with specific

numbers
* Even in case if the thief manages to get g duplicate
hand sget, the probability of him to get the Tiqght

bassword ig very less , since we may adopt

which has nearly infinite number of combinati e

park their vehicles within their compound. Others
usually park it outside, which makes the burglar easy
to tow it away using a minj- crane system. This
particular System ig very reliable against theft by
towing, because the transducer used 1isg sengitive

towards bi~directional motion.

As a jist it can be said that, the entire system ig

cent percent reliable and can be used with €ase and comfort
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IX. USER’S MANUAL

To enable the owner to have an easy access to this

system a simple procedure would be of great help.

DO’s

The DO’s and DONT's of the system are depictad below:

Just before leaving the car, make it & point to give
the latest password you wish and get out of the

thicle,

Ensure that the wiring system from the doorlock 1is

always proper and is not open.

Check the shock absorbers now and then and see that you

replace them when they become very weak.

Ensure that vyou make no mistake in entering the

password within 10 secs at any cause.

Check the battery systems now and then to avoid passive

system response.

Have auxillary charge devices for emergency needs.



n

* Design a parallel alarm system, say the horn itself in
case of the system alarm failure, using vyour local

electrician.

* Check the package of the unit if it were sealed.
DONT’s :
* Do not pick up a conversation with any one outside the

car during the 10 sec delay time and end up in a
embarassing situation with the alarm yelling in vyour

own presence.

* Do not forget to give a new password before you leave

the car to avoid confusion.

* Do not forget your password otherwise ycu might end up

in trouble.

* Do not enter the password in the presence of strangers.

.

* Do not forget to cut-off the alarm by giving the
password again after 5 minutes from the sounding of

the alarm.
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VI. DESIGN OF SYSTEM HARDWARE

6.1. HARDWARE CIRCUIT DESCRIPTION

The hardware circuit diagram shown clearly depicts the
entire system in a jist. Let us precisely explain the

important features of the hardware in use.

6.1.1 FEATURES OF Z8-8604

The salient features of the microcontroller 3604

(Zilog) has been clearly described in the appendix.

The chip has 3 ports in it. Port 0 is an output port.
Port .2 is an I/O port & port 3 is an input port and is
strictly an analog input port. The reason for going into
zilog family is that they are generally very much cost
effective and highly reliable. Along with that they are
loaded with highly efficient instruction set. This
particular chip has been specially designed for a new level
of sophistication to single chip architecture. The chip
falls into Z8 single chip microcontroller family with 1 KB
of 1-time PROM and falls under CMOS technology. These
devices allow easy software development and debug,
prototyping and small production runs not uneconomically

desirable with a masked ROM version.



They have a flexible 1/0 scheme, an efficient register
and address structure. Usually the lines in this chip are
grouped in to three ports and are configurable under
software control to provide I/O timing and status signals.
There are two basic address spaces available and 124 bytes
of general purpose registers. They offer progammable EPROM

protect and programmable lownoise.
6.1.2 ACTIVATING SWITCH

An activating switch for tamper proof operation is kept
at the door lock. The output of the switch is connected to
Port 0 of the microcontroller. The switch is strictly a one
way switch, once triggered would make the System completely
"ON" and the system can be switched "OFF" only if the right
password is entered. Opening of the lock would not disable

the system

6.1.3 DIP SWITCH

Password control is done with the help of software
manipﬁlations and DIP switch. Initialy first four bits are
considered and later the next four bits on the input side.
This 1s done by making use of two control signals.
According to the combination ofthe ©LIP switch the

multiplexed data is stored in two registers.



Later when the owner enters the car after opening the
door , he should give the password within the allowed delay
of 10 seconds.In case of a true password the relays would be
cut-off and hence the alarm would not sound and the

immmobiliser would not work.

In case of a false password the system would give a
huge alarm, capturing the attention of the public and the
immobiliser circuit would be in action disenabling the thief
to mdéve the vehicle. This is the salient feature of this

system design.

6.1.4 R-2R LADDER NETWORK :

This is basically a resistor circuit connected in a
ladder form performing digital to analog conversion. The
input to the lader network is from port 2 of the
microcontroller. The output of the network would be an
analog signal. It will be compared with the transducer
output which is also an analog signal. The inputs to ladder
network is incremented and the above operation is repeated
until the output of the comparator is zero. The current
digital input to the ladder network is stroed in a register

which becomes the reference value.



6.1.5 REGULATOR :

A commonly used 7805 regulator as explained before 1is
used which has an output of 5 V and used to energise the
microcontroller as well as to give the DIP switch a proper

combination to form a password.

6.2 IGNITION IMMOBILISATION SYSTEM:

The ignition distributor of the breaker-triggered
transistorized ignition system (TI-B) is identical to the
ignition distrbutor of the breaker - triggered coil ignition
system (ST). However since the contact operates in
conjucntion with a transistorized ignition system, the
contact breaker no longer needs to switch the primary
current for the transistorized ignition system. The
transistorized ignitions system itself playsthe role of
current amplifier and switches the primary current via an
ignition transistor (generally a Darliginton transistor).
In orxder to facilitate understaindg, the wiring of the
contanct and the function of simple TI-B are compared below

to a breaker-triggered coil ignition system.
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6.2.1 OPERATING PRINCIPLE :

Figure clearly shows that the breaker triggered
transistorized ignition system is a further development of
the conventional, non-electornic coil ignition system. The
transistor T is used as the circuit breaker in place of the
contact Dbreaker and assumes its switching function in the
primary circuit of the ignition system. However, since the
transistor has a relay characteristic, it must be caused to
switch in the same way as the relay. This can be done, for
instance, as shown in Figure aa, with a control switch.
Such transistorized ignition Systems are thus termed breaker
triggered. In Bosch transistorized ignition systems, the
cam operated breaker performs the function of this control
switch. When the contact is closed, a control current Ig
flows to the base B and the 7transistor is electrically
conductive between the emitter E and the collector C. In
this condition, it corresponds to a switch in the "ON"
position and current can flow through the primary winding I
of the ignition coil. However if the contact of the breaker
is open no control current flows through to the base and the
transistor is electrically non conductive. It thus blocks
the primary current and, in this condition, corresponds to a

switch in the "OFF" position.



6.2.2. ADVANTAGES :

The breaker triggered transistorized ignition system

has two essential advantages over the breaker triggered coil

ignition system:
- An increase in the primary current and
- considerably longer service life of the contact.

The primary current can be increased if wusing a
switching transistor since a mechanical contanct can switch
currents of only up to 5 A for long periods and with the
required frequency. Since the stored energy is proportional
to the square of the primary current, the power of +hs
ignition coil increases and thus also all high tension da-a
such as secondary available voltage, spark duration
spark current. Thus a breaker . triggered transistoii=.: i
ignition system also requires a special ignition coil in

addition to the ignition trigger box.

A far longer service life of the TI-B results from the
fact that the contact breaker is not required to switch high
currents. In addition, the TI-B is also not subject to two
other’ phenomena which indefinably reduce the secondary
available voltage of contact triggered coil ignition

systems: contact chatter and the contact breaking spark



which results from the inductance of the ignition coil. The
contact breaking spark causes the available energy to be
reducéd and the high-tension voltage rise to be delayed
particularly at low engine speed and when starting.
Conversely, contact chatter occurs at high engine speeds
owing to the high switching frequency of the contact and

a disturbing influence. The contact bounces when closing and
thus charges the ignition coil less intensely precisely at a
point in time at which the dwell period is reduced anyway.
The first negative characteristic of the contact breaker is
not applicable to the breaker triggered transistorized

ignition system the second is.
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VII. DESIGN OF SYSTEM SOFTWARE

7.1 SOFTWARE OVERVIEW:

The software has been written using the Assembly
Language Instruction set exclusively available for Z86E04.
The software plays a very major role in normal functioning
of this system.. Since the micro controller has only a one
time -programable ROM, the software was tested using an

emulator. The prominant function performed by the software

are;

i) Accepting the input from the transducer and COWDa
it with the output of DAC to generate a digital

reference.

ii) To keep constant vigil over the environment and to

respond to any changes effectively.

iii) To take care of all password manipulations.
iv) Appropriate triggering of alarm and immobilizer units.
The availability of flexible I/O ports and a very

powerful instruction set of the microcontroller has made

this system very efficient. The primary objectives of any



7.2. ALGORITHM

1. Start the program.

2. Call the subroutine "capt - passwd". The job of this

routine is to multiplex port 2 and collect rthe pass

word.

3. Call the subroutine "adc". The job of this routine is

to get the digital equivalent of the analog output of

the transducer.

4. Move the digital value which is in a general purpose

register (GPR) compare - ram to another GPR ref

5. Add the tolerance wvalue to this register. This
resultant wvalue which is in GPR ref now acts as the

reference value.
6. Call the subroutine "shock" .

The job of this reutine is to check if there 1is any
movement in the shock. If $o, the o/p of the pressure
transducer will change. 1If there is a change, this routine
will then check for the correct password and connect or

disconnect the alarm accordingly.



Subroutine adc

1. Clear the General Purpose Registers over - flag and
compare - ram. Over-flag register is used as a flag
register to get an interrupt and thereby stop the

counting sequence. Compare - ram register is used as a

counter.
2. Increment the counter register.
3. Move the counter register’s value to the port 2 lines.
4. éive a delay time for the transducer o/p tc settle
down.
5. Load‘the over - flag register with FFh so that when

there is a change, it can be noted.
6. If the over - flag has not been set, go to step 2.
7. Or else return to the main program.
Subroutine capt - password

1. Set the port 2 mode register to OFh thereby making the

port 2 as an input port.

2. Set the control line P24 high to get the four Most

Significant Bits of the password.



Store the four Most Significant Bits in a register pwd

highi.

Set the control line P25 high to get the four Least

Significant Bits of the password.

Store the four Least Significant Bits in a register pwd

lowl.

"Or" the value in the two registers and store the "or®

ed value in the pwdhighl.

Set the port 2 mode register to 00h thereby making the

port 2 as an output port.

Return to the main program.

Subroutine shock

1.

Call the subroutine "adc".

Move the present transducer output which is in the GPR

compare - ram to another GPR current - shock.

Subtract the already stored reference value in register

ref from this present value current shock.

If the resultant value is zero, go to step 1 and go
through this loop again and again till there 1is some

variation in the transducer output.



10.

11.

12.

13.

14.

éet the prescaler0 to 00h and give the required delay

of 10 seconds in the timer register "to".

Set the timer mode register to 23h thus making it to be
in the single pass mode ie, it will count the required

delay and then change to zero.

Move the already stored content of the original

password which 1is in GPR pwdhighl to another GPR

pwdhigh.

Call the subroutine "capt - password" to get the

current pasgsword.
Move the current password to another GPR current - Pw.

Subtract the original password from the  current

password.
If it is zero go to step 18.
Make the port 0 mode register as an output port.

Make the port 0 line going to alarm high and the
ignition immobiliser low by setting the value of PQ

register 01lh.

Set the prescalerl to 02h and give a delay of ffh 1in

the timer register "t1".



15.

16.

17.

18.

19.

Set the timer mode register in single pass mode Dby

setting a value of 2Ch in tmr.

Make the port 0 line going to the alarm low and the

immobiliser high by setting 02h to PO

Jump to step 5.

Make the port 0 line going to the alarm low and the

immobiliser high by setting 02h to PO.

Return to the main program.
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equivalernt of the analog outpul 01 the
transducer and store it in a rey f
l

B REF < COMPART _ RAM
The value in compare_ram ¢ mnved !
to a req ref ;
REF «—— REF + TOLLFANCE f
The tolerance value 15 added tn the f
actual  value and this ¢ the nct :

retecrencc

i
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cALL THE KROUTINE  SHOCK
The job of {his routine s to check

for moverment in the shock and

¥ <o 1O check  for correct

password

(" HALT

MATRN

PROGRAM



SUBROUTINE ADC

S
SUBROUTINE ADC ﬂ

OVERFLAG <— 00 _OMPARE _RAM <— 57 |

|

C';_\;‘-,AR THE TWO REGISTERS OVEKT L AG AN D !

COMPARE _ RAM !

’ !

COMPARE -RAM &<—— LDMPMEE‘_ kan T

INCREMENT  THE REGISTER  COMPARE -KAM

P2 «— CompARE . KAM
MoOvE THE  COMPARE. RAM  REGISTER

TO ReGISTER FPa

Give A DELAY FO0r  THE  CHOCK
ABSOREER TO SETTLE DOWN

.

OVERFLAG <— off,
LOAD  FF 10 THE OvEifLan KCGISTE R

o e s e e

CONTENTS!

e

YES

{ RETUEN




SUBROUTINE CAPT.IPASSWD

H gUBROUT!NE’ CAPT _ PASSIAD
T

P:{ M & Of v

MAakE  THE PORT 2 AT AN IMFOT

PORT  TO RECEIVE THE PASSWORD

P2 e o

By ENABLING THE  CONTROL  LINE
Fas > GET  THE  ™MOST  SIGNITICANT
fQUR 61TS  OF THE  PASSIWORD IN

PORT 2 LINES  Pao 70 Pag

FubHigHI <— Fa

Trig MOST  SIGNIFICANT  FOUR  B1Ts

OFf THCE “ASSIADRD (s STOREDL IN

REGISTER FINDHIGH 1

Je




s

hd

P2 «— 20

By E©NARLING THE CONTROL LINE

Pas |, Ge1 11HE LEAST SIGNIFICANT

FDUR &(Ts  Of  THE PASSINORD (N

PORT & LIMg Pio TO P:z%

—

PubLow1 <— Pa

[HE  LeAST <IGNIFICANT  FOUR gite OF

T PASSIMORD IS STORED (N RENISTEKR

PINDLOIA 1

N

B

PubiiGH 1 <— PubHigH 2 OR  Pwdiow1

THE  MOST AND LEST fOUR SIGINIFICANT

Y ARE 'OR’ gD - T HE RESULT IS

STORED IN PINDHIGH 1
L=

Pam «— QOO0w

PORT  T0 ACT AS COUNTER LINES

TR

MAKE  THE PORT 2 AS AN DUTPUT |

I —



SUBROUTINE  SHOCK

—

SUBROUTINE  SHOCK

CALL THE ROUTINE  ADC
THie 18 0o FIND  THE  PRELENT  NALW

OF  THE FrANSDUCER

N
B!

CURRENT. SHOCK <«— COMPARE  RAM

KCGoISTEER

MOVE A He  contente  OF THE

COMIARE . RAM 10 1THE O RO ER

CORRENT _ g HOCck |

CURRENT. SHOCK €~ Cokgent Srocx - Fry

CUBTRACT THE VALUE ©of 1HE REFEKTHNCE

FROM  THE CURRENT AL pF T HE

TRANSDUOCE & DV PV




PRE O < Q0O h
LoAD  THE  PRESCALERO TO 00
to «— (0
gET T HE DELAY Time IN THC REGISTER {o
B
tmy «<—— 23w
Ser THE T IMER MORE  FUlgt 1Ek AN
THE SI(NGRLE PAss M™MODE
PINDHIGH —<«—— PINDHIGH |
Move  THE  SET  PASSIAORD 1o THE
KEGISTER PIAD HIGH
- |
CALL  THE KOULTINE C 2D [P ‘
Tdie 1S DOME A hET PiHE cuRREr T
FALS AT
L ~




CURRENT _ PN «— PIADHIGHT

Move  THE  CORRENT  PASSWORD INTO  TiiE

KEGISTER COURRENT - P

CURRENT _ PId «— CURRENT . Ful — PWUDHIGH

Tue CORRECT  PASSWORD 1 GUBIFACTED

FROM - THE CORKENT PALY AR D

POim «—

MAkE  ThE PORT O AL AN OQUIFUT
Pok1 10 GeT THE  INDICATION

PO «— O 1 W

MAKE THE REQUIRED  FOLT D J1HEL il

TO LOUND THE /\L[\RM At 'f/\f/m)“)\\.zf,‘l THT

\/ o

LGN |
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PRODUCT SFECIFICATION

Z86E04/08 OTP

CMOS Z8® 8-BIT
MICROCONTROLLER

FEATURES

B 3-8 CMCS Microcontrolie:
® 8-Pin DIP Package

A Low Cost

B _ow Noise Programmable

B ROM Protect Programmabie

® 40V 10 5.5V Operating Range

| Low Power Consumption - 5 mW (Typical)

B Fastinstructon Pointer - 1 us @ 12 MMz (EO8), 1 25 us
@ 8 MHz (E04)

®  Two Siandby Moaes - STOP and HALT
B 4 inputQuiput Lines

N 4 Digral inputs. CMOS Levess, Scrmitt-Triggered

W Koytes of One.Time PROM (E0E;
tRKbytes of One-T.me PROM (EQ4.

8 124 Bytes of General-Purpose RAM

B Two Programmabie 8-Bit Counter/Tirers Each witr a
6-Bit Programmabie Prescaler

B Six Vectlored. Priorty Interrupts trom Sx Citferen
Sources

® Ciock Speeds up to 12 MHz (E08). 8 MiHr (Es4:
u Wawen-Dog Timer

B Power-On Reset

B Twoe On-Boarg Comparators

. On-Crip Osciilator thar Accepts a Crvstar Ceram
Rescnator LC or External Ciock Drive

B Programmable Interrgpt Polarty

GENERAL DESCRIPTION

The ZBEED4/S Microcontroliers (MCUs) introduce a new
ievel of sophistcation o single-chip architecture The
Z86E04/08 are members of the Z8 single-chip microcor-
trotler famity with 1K/2K bytes of one-time PROM for the
Z86EC4 and ZB6EDS. respectively The devices are housed
:n an 18-pin DIP or SOIC, and are manufactured in CMOS
technology. The devices allow easy software development
and debug. prototyping, and small production runs not
economically desirable with a masked ROM version

The ZBG6E04/08 nave a tiexible i/Q schemea. an eticient
register, and address space structure Also. they have 2
“umber of anciiiary teatures that are usetfui In many zon-
sumer .ndustrial and commercial apphcations

FOi acoicahens wiich Jemand powertu: 1) Jagat. - e
the Z8BEQ4/08 provide 14 pins dedicatec 'C rpu’
output These lines are grouped inte three Dorts. ard ar»
configurapte under software cont ol o provize G L ng
and status signals

There are two basic address spaces avanab:e 1o Support
this wide range of conhiguratons, program memaory and
124 bytes of generul- purpose regisiers

The ZBGEUW/E eac h ofter programmabtle EPROM Protac:
and programmabie Low Noise Whsan the part s pro-
grammed for EPROM Protect. the Low Nose teature will
avlomatcally te enabied When programmed for Low
Noise the EPROM Frotect fealure 1s opticra:

4-1



N 20

{BEEO408 Cuos 1p
8-B1 McROCONTR 1y
T ——

GENERAL DESCRIPTION (Continued)

T unpurden tte poograT Fomeoping with real-bme tasks
~onas-countogming ana 'O gata communications the
FHEECAINE Giiers two on-Cip counter/imers with a large
o user seectabie modes Included, are two On-

Notes:
Ac S geas w T a precedng ront siash s
QA (WORD - active - ow DAV IBYTERE o

S rer
vanaraless thal process analog signals with & Fower connachions folow convantiona gescr e
ceares e ctage (Fqures tand 2) Connection Circuit Device
Power N
Ground GND
nput XTAL
lll vee GNOD l *
Machine
Pon 3 > Timing & Inst.
ir Control
£,
Counter/ ALU -
Timers (2)
oTP
Program Memory
Interrupt FLAG 1024/2048 x 8-Bit
C.ontrot <:———7
Register i
Pointer
Two Analog Program
m Counter
Comparators General-Purpose
Register File
124 x 8-Bit

e

U

onz R
mmo I

:Bit Programmable)

Figure 1. Functionai Block Diagram
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286E04/08 CMOS 78°

8-Brr MICROCONTROLLER

i

0700 {
78 MGU X ?
ot ato-a0l 2 A10-A0 i
: —
§ NI
1K/2K
gl Address N 3 @
Counter F—1 < EPROM . 2
!'_’ A10-A0 ROM PROT oree 3 R
3 Bus Low Noise ¢:>
D7-00
PGM f
Mode Logic
ot |
Clear Clock EPM 'CE  PGM VPP ‘OE
POO P01 P32 XT1 P02 P33 P31
Figure 2. EPROM Mode Block Diagram
PIN DESCRIPTION
Table 1. EPROM Mode Pin Identification
04[] 1 ~ 18 [ D3
ZB8E04/ EPROM
08 Mode ps ] 2 17 [] o2
Pin¢ Symbol Function Direction oe [] 3 16 [] O
14 D7-D4  Daad 5 6.7 in/Output o7 [] 4 s [] DO
5 Voo Power Supply Vee E 5 RSE"N 14 j GND
6 N,C No Connection 28‘6"508
7 iCE Chipy Enatile Input N/C [: 6 13 :] /PGM
8 ‘Ot OQutput Enable Input , CLOCK
o EPM EPROM Prog Moge  input /CE E 7 2 :]
B, 0E [ 8 1 |J CLEAR
10 Voo Prog Vohage Input
" Clear Clear Clock input EPM [: 9 10 :] Vep
12 Zlock Address Input
13 PGM Prog Mode Input EPROM Mode
14 GND Ground
15-18 03-00 Data v o 3 In/Output

Figure 3. EPROM Mode Pin Contiguration
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285E0408 CMOS Z28°

8-BIm MICROCONTROLLER

PIN DESCRIPTION

Table 2. Standard Mode Pin \dentitication

/
P24 [:‘ 1 1 P23
s D Z86E04/ Standard
p2s [] 2 17 [ e22 08 Mode
P26 E 3 6 ':] P21 Pin # Symbol  Function Direction
p27 [} ] s {J P20 1.4 pp7.p24  Port2. Pinsd4 5 € 7 In/Cutou
E Z86E04 :] 5 Vo Power Supply
vee 5 IB.:E(jOB 14 GND 6 XTAL2 Crystal Osc Clocs  Duipu!
az s 13 |J po2 7 XTAL? Crystal Osc Clock  inpu
8 P31 Port 3, Pn 1 neu
xTaLs ] 7 12 1] pot o
9 P32 Port 3, Pin 2 input
a1 [ o oo 10 P33 Port 3. Pin 3 i
paz (] 9 10 [J P33 1113 PO2-POC  Port0.PnsO. 1 2 inputCutpu
14 GND Grouno
Standarg Mode 15.18  P23:P20 Port2 Pins 0. 1. 2.3 injOutput
Figure 4. Standard Mods Pin Configuration
\
poa [ 1 wl ] pes
P25 ]2 7] P22
p2r [ 1] * 285%04 15[ 1] P20
an
vee [} 5 Z86E08 Wl Jono
E— SoIC
xmz [0 ¢ i [ ] po2
xtact [ 7 12:[1—____]%1
pav (] @ w [} poo
P32 ] 7 ¢ 10 P33
Figure 5. 18-Pin SOIC Pin Configuration
Tabte 3. 18-Pin SOIC Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1-4 P4.P27 Port 2 Pins 45,67 r/Outpu! 9 P32 Port 3, Pin 2. AN? noul
5 Ve Power Supply 18! P34 Port 3, Pin 3. REF o
6 XTAL2  Crystal Osaillator Ciock Dutput 1113 POO-PO2 Port O, Pins 017 Oy
7 XTALT  Crystal Oscilator Clock  nput 14 GND Ground
8 P31 Port 3. Pin 1. AN Input 1514 220-P23 Port 2 Pins O 1.2.38 RGN
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286E04/08 CMOS Z8°
8-Brr MICROCONTROLLER

PIN FUNCTIONS
OTP Programming Mode

D7-DO Data Bus The data can b (eag from or written 10
e EPROM through this tatd Lus

V. Power Supply 1S 5V gunng the EPROM Read mode
and BV guring the other made

JCE Chip Enacie {active Low) This pin s active aunng
“PROM Read Mode. Program Mode and Program Verity
Je

JOE Cuiput Enable (active L.ow) This pin drives the Data
3us direction When this piris Low, the Data Bus 1s output
wren High the Data Bus 1s input

EPM EPHOM Program Mode. This pin controls the aiffer-
ent EPROM Program Modes by applying difterent
voltages

v,, Prograrn voitage This pin supplies the program voit-
age

Clear Clear (active High) This pin resets the internal
address counter at the High Leve!

Teo

Clock Adaress Clock This pin s @ CIOCK INDL!
address counter increases by wne with one Ciock gz

/PGM Program Mode (active Low). Low Leve: at irs -
programs the data 10 the EPROM through the Da'a Bus

Application Precaution

The production test-mode environment may de enaties
accidentally during normal operation if excessive noise
surges above V__occur on the foilowing speci pins
XTAL1 pin
RESET pin

in addition, processor operation of Z8 One-Time Frogran
mabile devices may be affected by excessive noise surges
on the V__ pin while the microcontroller is ir standare
mode

Recommendations for dampen:ng voltage surijes » Dotn
test and OTP mode include the foliowing

Using a clamping diode to Vcc

Adding a capacitor to the a'fected pin




286E04/08 CMOS 28*
69 ZJLCE 8-81 MICROCONTROLLER

Z86E04/08 STANDARD MODE

XTAL1, XTAL2 Crysia - Crystar Out {ume-pased ngut  Port 0, P02-P00. Port O 1s a 3-bil bi-directicnar Schmt
ang outpul. respectively; These pins conrect a parallel- tggered CMOS compatible 1O port. These three 1O ines
resonant crystai LC or an external single-phase clock  canbe globally configured under software contr~i 1o be ar
(3 MHZz or 12 Mz maxi i~ tne on-chip ¢lock osctillator ana nput or output (Figure 6)

cutter

-
——————
ZB6E04
and B EE— Port 0 (1/O)
ZBBEOS

Open
o

PAD
Qut
1 5--a—s 2.3 Hysteresis VCC @ 5.0V
in 44]
\J b o e e e e e - —‘
: Auto Latch
|
|

[ .|

Figure 6. Port 0 Configuration

IN
(o )
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ZB6EO4/08 CMOS Z8*
8-Br MICROCONTROLLER

Port 2, P27-P20. f* 11 2~ an B-Dt ot programmanle. 6 y
sresronal Schma tgered CMOS compatibie 110 port Jrammea as Dulpule dr De gotay [0 GranTen as

arte be an npat O ouipul nCepengent, 8.5

Trpee aght 0 Inec can he corbgured under software 2her pusn-pul Of oper-dran (Fgon

\
ZB6E04 el
and Pont2 1 C
Z86E08 - .

Pont 2

Open-Drain
o o =>4
! PAD
/M
Out )
1.5 -t—3= 2.3 Hystorasis vCC @ 50V
in \Ar
Auto Latcr

r
[
!
!
!
L

Figure 7. Port 2 Configuration
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I86E04/08 CMOS 28°
3-8 MICROCONTROLLER

786E04/08 Standard Mode (Continued)

Port 3, P33-P31. Port 315 a 3-DiL. CMOS compatible port
~ith three tixea input (P32-P30) ines These three input
wnes can be conhgured under software control as digital

inputs or analog Nputs. These three nput ines are also
used as the interrupt sources iRQO-IRQ3 and as the ime!
input signal (T, - Figure B)

Z86E04
and
ZB86E08

Pon 3

0 = Digital

R247 » P3M 1 = Analog

L Jot ]

l DIG.

P31
Latch

1%

P31 (AN1)

>
z

PAD

)

IRQ2

IRQ3
P32 Data
Latch

DT& (AN2) 3

PAD

P33 (REF)

- - — - ——————

W

IRQC

P33 Data
Latch

S

T
|

IRQ1

iRQ 0.1,2 = Falling Edge Detection

1RQ3

= Rising Edge Detection

Figure 8. Port3 Contiguration

4.8
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ZB6EQ4/08 CMOS Z8°
8-BIT MICROCONTROULER

Comparator Inputs. Two arihag Comparators are adned
10 input of Port 3. P31 and P2 tor intariace flexibiity The
comparators reference voltage P13 (REF) s common to
poth comparators

Typical apphcatons for the on-voard comparators, Zero
srossing detection. AJD conversion, voltage scaling, and
nresnold detection. In analog mode, PAa3 input functions
serve as a reference voltage to the comparators

The qual comparalor (common nverting terrminal) features
a single power supply which discontinues power N STOP

node The common voltage range 15 0-4V whenthe V. S
5 V. the power supply and commonmode rejection ratios
are 90aB and 60dB. respectively

intefrupts are generated on either edge of comparalor 2's
output, oronthe talling edge of comparator 1's outpul The
comparator output 1s used for interrupt generavon. Port 3
satanputs. o T, through P31 Alternahively. the compara-
1ors can be disabled, freeing tne reference mput (F33: 10
,se as IRQ1 and/or P33 inpu!

SPECIAL FUNCTIONS

The ZBMCU mcorpora’.esspemalruncnonstoennanceme
Z8's apphcation in industnal, scientific and advanced
technologies applications

RESET 1s accomplished through Power-On or a Watch
Dog Tmer Rese! Upon power-up. the power-on reset

circuit waits for T, msec plus 18 crystal clocks any e
starts program execution at address 000C (Hex) Reler-
ence Table 4 for the ZBGEQ4/08 controi registers rese!
values (Figure 9)

INT OSC XTAL OSC
o ! !
(Coid Stan)
hip R
| Delay Line oK | O Rese!
TPOR msec 7”1 Rese! Filiter
P27
(Stop Mode)

Figure 9. Internal Reset Configuration

e

e ——

Power-On Reset (POR). A tmer ¢circuit clocked by a
dedicated on-board RC oscillator 1s used for a POR timer
function The POR tme allows V. andthe oscillator circuit
1o stabiize before instruction execution begins The POR
umer crrcuitis a one-shot timer triggered by one of the four
following condiions

Power bad 10 puwer good sfatus
Stop-Mode Recovern

wDT time-2!

WDH hme cut

Watch-Dog Timer Reset. TreWDTisa retriggeravle one-
shot timer that resets the Z8 it itreaches its ternunal nount
The WDT is initially enabled by executing the WD T instrut

non and 1S retnggered on subseguent execution of the
WDT instruction The timer circuitis driven by an on-board
RC oscitiator

N
N
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Z86E04/08 CMOS 78
8-BIT MICROCONTROLLER

SPECIAL FUNCTIONS (Continued)

Table 4. 286E04/08 Control Registers

Reset Condition
Addr.Reg.D7 D6 D5 D4 D3 D2 D1 DO Comments

F1 ™R ©0 0O 0 0 0 0 0 O

F2 TTyU U U U U U uu

F3 PRET U U U U U U 0 O

Fa TOuU U U U Uy uu

F5 PREO U U U U U U U O

F6° P2M T+ 1 1 v 1t 1 1 1 Inputs
after
reset.

F7* P3M U U U U U U 0 O

Fg* POIM U U U 0 U U O !t

F9 PRU U U U U U U U

FA RQU U 0O 0O O 0O O O© IRQ3 is
used for
positive
edge
detection

P8 IMRO U U U U U U U

PC FLAGSU U U U U U U U

FD RPO C 0 D 0 0 0 O

FF SPLU U U U U U U U

Note:

* Registers are not reset after a Stop-Mode Recovery using P27 pin. A
subsequent reset will cause these control ragisters to be recontigured
as shown in Table 4 and the user must avoid bus contention on the port

. pins of it may aftect device rahatuity

Program Memory. The Z86E04/0B addresses up o 1K/2K
bytes of internal program mamory (Figure 10). The firs1 12
bytes of program memory are reserved for the interrupt
vectors. These locations contain six 16-bit veclors that
correspond to the six available interrupts. Bytes 0-1024/
2048 are on-chip one-time programmzble ROM

1024 }EO‘
2048 (€08
Location of On-Chip
First Byte of ROM
instruction \
Executed ~} ----------~-~-
Atter RESET 12 Y
1 IRQS
10 1RQS
9 IRQ4
8 tRQ4
IRQ3
interrupt
Vector
(Lower Byte) 6\‘ 1hQ3
5 ™ IRQ2
4 L IRQ
interrupt — 2
Vector
3 IRQ)
(Upper Byte)
2 IRQY
1 IRQO
0 IRQO

Figure 10. Program Memory Map

4-10
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ZB6E04/08 CMOS Z8°
8-BT MICROCONTROLLER

Register Flle. The Reg "= © 2 consssts of three /O port
registers 124 genera-: . 13z re@isters. angd 14 controi
anc status registers =-=: R4-R127 and R241-R255
respectively (Figure *° =+ - 2ral-purpose registers oc-
cupythe OdHto 7FHac - - :zace /O ports are mapped
as per the existing CMC ¢ 70 Tne ZBBE04/08 instructions
canaccessregislers ¢ -=- 7 ndirectly through an 8-bit

address field 7o : = - ws short 4-bit register addressing
using the Regis:z* = nter in the 4-bit mode. the register
fite is divided -7 = 3nt worxing register groups. each

occupying 16 ¢ i~ - _~us locations. The Register Pointer
(Figure 12) agc = :: 23 the starting locaton of the achve
working-registe’ & -

Locavon Igentfiers
285 Stacx Zrne Bits 7-0) SPL
254 Genera—>_oose Ragister GPR
253 Repsmr >nter RP ——
- R B ) 3 2 n o | R2S3
252 Prograr— Z.>~oi Flags FLAGS [ ! l (Pegister Pornter)
251 interr.cr weasx Rogister HMH
- . 1RO The .cow - ool of the register file addresa
250 internuct “wa st Register provowe T register pointer specifies
249 Interruct S—orry Register IPR the acT~e woAONG-FEGEIN QrOUD.
248 Pcrs - Mode POIM -
247 S I sode P3M ---»—( } 815 to RO
Fo
246 S o Mode P2M
245 T Smscaler PREC 7
.
244 Tre_—oumerQ To 70
oF
243 T c-wscaler PRE1 -
©
242 e Zounter | T 4
24 Trowr wOoe TMR 3{2
. The iower nibble
Ncr —oeeented « of the registe’
128 ¥ file address
127 T Soectied Working -t provided Dy the
%) Segister Group inatruction points
. 2F 10 the specitiec
Gorw a->upose - o
"”‘ 2
4 13
S = Group 1 R1510 RO
3 oo 3 P3 0 Zepter p
oF
2 fae 2 P2 Segeter Growp 0 Risto A4
[ e vl P1 © VO Ports R3 o RO
0 Forpr 7 PO
Figure 12. Register Pointer
Figure 11 Register Flle
[ e

a1
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Z86E04/08 CMOS 28°
8-Br7 MICROCONTROLLER

SPECIAL FUNCTIONS (Continued)

Stack Polnter. The ZB6E04/08 has an 8-bit Stack Pointer
'R255) used for the internal stack that resides within the
124 geneva\-ourpose registers

GPR (R254) Trus reqister s a general-purpose register

Counter/Timer. There are two 8-bit programmable counter/
umers (TO and T1), each driven by its own 6-bit program-
mable prescaler The Tt prescaler is driven by internal of
external clock sources. however. the TO can be driven by
the internal clock source only (Figure 13}

The 6-bit prescalers divide the input frequency of 'he clock
source by any integer number rom 110 64. Each prescaler
grives its counter, which decrements the value (110 256)
that has been loaded into the counter Whnen both counter

and prescaler reach the erd of count, a tmer :nterrup!
request IRQ4 (TO) or IRQS5 (1) 1s generated

The counter can be prograrmmed to start, stop, restart tc
continue, or restart from the nitial value. The counters are
also programmed to stop upon reaching zero (single pass
mode) or to automatically reload the nitiai vaiue anc
continue counting (Modulo-n continuous mode)

The counters. but not the prascalers, are read at any tme
without disturbing their valus or count mode The cloce
source for T1 is user-definable and is either the interng
microprocessor clock divided-by-four, or an external sig-
nal input through Port 3. The Timer Mode register config-
ures the external timer input (P30) as an external clock. a
trigger input that is retriggerable or not retriggerabie 0’
used as a gate input tor the internal clock

intemai Data Bus

wioy 1)

ey 14

Read | ﬂ

0sC PREO
Initial Valse initial Value Current Value
Register Register Register
2 iyt iyt
6-84 8-bit
v4  fo Down -] Down
Counter Counter = RQ4
¢— internal Ciock ‘
|
External Clock
Clock
Logic
&-Bi 8-Bit ———— rQs
i 4 Down - Down y
\ Counter Counter
internal Clock ﬂ ﬂ
QMO() Clogk PRE1 T Tt
Triggered Clock initial Valus initial Value Current Vaiue
Register Register Register
TIN P31
Rocd* U

Wnte * ﬁ

was? 1

internal Data Bus

Figure 13. Counter/Timers Block Diagram
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Z86EQM08 CMOS 28°
8-Br MICROCONTROLLER

SPECIAL FUNCTIONS (Continued)

interrupts. The ZBBE04/08 has six nterrupts trom tive
qtterent sources These interrupls are maskable and
prortized (Figure 14) The sources are divided as fotlows
the taling eage of P31 (AN1). P32 (AN2). P33 (REF). the
~sing edge of P32 (AN2), and two counterftimers The
interrupt Mask Register giobally or ingividually enables of
4isables the six nterrupl requests (Table 5)

Wner more {han one interrupt is pending. prionties are
-esolved by a programmable prionty encoder that is con-
rroiied by the Interrupl Pronty register All Z86£04/08
ntarrypts are vectored through ocations in program
:ory. When an interrupt machine cycle s activated. an
inerrupt Request s granted This disables all subsequent
interrupts. saves the Program Counter and Status Flags.
and ‘hen branches to the program memory vector location
reserved for that interrupt This memory location and the
nex! byte contain the 16-bit staring address of the inter-
rupt service routing tor that particular interrupt request

To accommodate polled ntertupt systemms nterrupt
puts are masked and the intsrrupt request register oL
poled to aetermine which of the interrupt cequests needs
serv.ce

Table 5. Interrupt Types, Sources, and Vectors

Source Name Vector Location Comments
AN2(P32) RQO 0. External (F)Edge
REF(P33) RQ1 2.3 Exernal (FYEJg:S
AN1(P31) iRQ2 4.5 Externa (FXEdge
ANZ2(P32) RQ3 6.7 Exterral (RIEIgE
T0 1RQ4 8.9 internyg:

T IRQ5 101 interna.

Notes:

f = Failing ecge thggeread
R = Rising edge tnggerea

IRQO - IRQS

{

IRQ

Lt i)l

P11
[ ]

IMR
Global V&
interrupt
Enable IPR

il

interrupt
Request

PRIORITY
LOGIC

Y

Vector Select

Figure 14. Interrupt Block Diagram




286E0408 CMOS 28°
8-8/7 MICROCONTROLLER

N 205
Clock. The Z86E04/C8 on-ctup Osciilator has a = 7~ -3an
sara e-resonant ampntier for connection tc = Z7ystal

~eramic resonator, of any suitabie external cloc - s0urce
'XTALT = INPUT XTAL2 = OUTPUT) The crys'z should
ce aT cut. 8 MHz or 12 MHZz max, with a sertes =3 s1ance
(RS - less than or equal ¢ 100 Ohms

XTALY
C "I:
B

Ceramic Resonator
or Crystal

* Device Ground Pin

LC Clock

The crystal should be connected across XTa_ ardXTALZ
using the vendors crystal recommendeo cacizors from
each pin directly to device groung pin 14 (k.
that the crystal capacitor loads should be -o-nected to
V. Pin 14 to reduce Ground noise inject-"

XTALY

-——Do—— XTALY

XTAL2 -4 XTAL2

External Clock

Figure 15. Osclilator Configuration

HALT Mode. Turris oft tne internal CPU cloc ZJt not the
crystal oscilaton The counter/timers and es~z-nal inter-
rupts IRQO. IRQ1  IRQ2 and IRQ3 rema.~ zctive. The
~evice s recoverud by interrupts, either zxernally or
~ternally generated An interrupt reques: — St be ex-
ecuted (enabled) 10 exit HALT mode. After e interrupt
service routine, the program continues from & nstruction
after the HALT

STOP Mode. This instruction turns off the -~ srnal clock
and external crystal oscillation and reduces —e standby
currentto 10 pA The STOP mode is release= Ty a RESET
nrough a Stop-Mode Recovery (pin P27 = Low input
-snditon on P27 releases the STOP mocs =-ogram ex-
acunon begins at location 000C(Hex). Hows . ¢* when P27
s used to release the STOP mode. the T port mode
-egisters are not reconfigured to their de"z. 1 power-on
sonditions This pravents any 1/O, contig.-23 as output
vher the STOP instruction was executed. 2~ ghtching to
an unknown state To use the P27 release :zoroach with
STOP mode. use the following instruction

L P2M #1 O XXXXB
NOP
STOP

[T T eaais YT T 1510

In order to enter STOP (or HALT) mode @ s necessary i«
first flush the instruction pipeline 1o avc = suspending
axecution in mid-instruction. To do this e user must
execute a NOP (opcode = FFH) immec z:2iy betore the
appropriate sleep instruction. i.e

FF NOP, clear the pipeiine
6F STOP;  enter STOP mode
o
FF  NOP; clear the pipeline
7F HALT;  enter HALT mode

Watch-Dog Timer (WDT). The Watch-Dcg Timer 1s et
abled by inswruction WDT When the WCT s enabled
cannot be stopped by the instructiom WNith the we!
instruction, the WDT is retreshed when = s enabled with
every 1Twdt period; otherwise, the Z8E574 resets itse
The WOT instruction affects the flags =:zordingly 7
S=0. V=0

WOT = 5F (Hex)

Opcode WDT (5FH). The fust time :-u0e BFH 16 v
ecuted, the WDT is enabled and sutssuent execu’
clears the WDT counter. This has to be =7 "e atieast ev:
15 psec. Otherwise, the WODT times ©.° znd generaie:
reset. The generated reset s the sarme =7 4 DOWer-crn o
ot 50 usec +18 XTAL clock cycles
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286E04/08 CMOS 28*
8-BT MICROCONTROLLER

SPECIAL FUNCTIONS (Continued)

Opcode WDH (4FH) When this instruct.on 's executed it
enables the WOT duning HALT If not. the WDT stops when
entering HALT Thisinstruction does not clear the counters
tjust makes i possible to have the WOT running during
HALT moce A WDH instruction executed without execul-
g WOT (5FH) nas ro effect

Auto Reset Voltage (V. .) The ZBBE04/C8 has an auto-
reset bult-in The auto-reset circuit resets the ZB6E04/08
wrer t detects the V.. below V... Figure 16 shows the

Vee
(Volts)

Auto Rese! Vvoltage vs temperature The Z86E04/08 zoes
not function from VRST to below 4 5V Upon power-.c o
the device. the V. fnise ime rmustreach 4 5V Upon powe:

up of the gevice the V. rise time must reach 4 5V betors
the T__, expires so that program executior begns witr ré
V.. inthe range 4 5V 10 5 5V

ftthe V.. arops below 4 S5V wrile the device is inoperaiy
the device must De powered down and then re-powereq
up aga:"

2.50

2.45

2.40

2.35

2.30 ~

225 | ~

Temp

25°C

75°C

Figure 16. Typical Auto Reset Voltage (V.y,) v8 Temperature
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Z36E04/00 CMOS Z8°
3-Br1 MICROCONTROLLER

SPECIAL FUNCTIONS (Continued)
Low EMI Emission
Trne ZB6E04/08 can be programmed 10 operate in a low
EMI emission mode by means of an EPROM program-
~atie bit option Use of this feature results in-
8 cess than 1 mA consumed during HALT mode.
B All drivers slew rates reduced to 10 ns (typical).
® Internal SCLK/TCLK = XTAL operation limited to a
Maximum
of 4 MHz - 250 ns cycle time
®  Outputdnivers have resistances of 200 ohms (typical).
u  Osciilator divide-by-two circuitry eliminated
The ZB6E04/08 ofters programmable ROM Protect and

programmable Low Noise features. When programmed
for Low Noise. the ROM Protect feature is optional.

Besides V, and GND (V). the ZB6E04/08 changes all its
pin functions in the EPROM mode. XTAL2 has no function.
XTAL1 functions as /CE. P31 functions as /OE, P32 func-
tions as EPM, P33 functions as V,,,. and P02 functions as
PGM

ROM Protect. ROM Protect fully protects the Z86E04/08
ROM code from being read externally. When ROM Protect
is selected, the Z86£04/08 will disable the instructions
LOC and LDCI (ZB6EQ4/08 and Z86C04/08 do not support
the instructions of LDE and LDE!). When the device is
programmed for ROM Protect, the Low Noise feature will
autornatically be enabled.

Please note that when using the device in a notsy environ-
ment, it is suggested that the voltages on the EPM and CE
pins be clamped to V. through a diode to V. 10 prevent
accidentally entering the OTP mode. The V,_ requires both
a diode and a 100 pF capacitor.

User Modes. Table 6 shows the programming voltage of
each mode of Z86E04/08.

Table 6. OTP Programming Table

Programming Modes Device v,, EPM /CE J/OE /PGM ADDR DATA V.’
EPROM READ! Al X v, v, V. V, ADDR  Out 45V
EPROM READ2 Al X v, A V,, ADDR Out 558V
PROGRAM Al v, X v, V., V., ADDR In 60V
PROGRAM VERIFY Al v, X A V,, ADDR Out 60OV
EPROM PROTECT Al v, v, A v, NU NU 60V
LOW NOISE SELECT E04/08 v, v, v, vV, v, NU NU 60V
Notes:

= 125V10.5v

a  As per specific ZB DC specification

= As per specific Z8 OC spacification

X = Notused, but must be settoV,, V,.orV, level
NU = Not used. but must be set to either v, or V, level
i QUONQ DrOQramiming = 40 MA maximum.

I QUrng prograrmming, verity, of read = 40 mA maximum
° Vg has a tolerance of £0.26V

v,

-

v
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286E04/08 CMOS 28*
8-BIT MICROCONTROLLER

internal Address Counter. "ne agz-ess of Z85E04/08 ¢
generated nternally witt & counter viocked through pir:
P Ciocky Each i 3.gral increases the address by
v POC (Clear) witl reset the
Togoows e selar ime of the

Sne ary the "migh' Isver o

GCMess o cere Figure

BlotoI TR ONIalo

Programming Waveform. Figures 18 13 ara 20 show (he
programming wavetorms of each mode Tab.e 7 showshe
nming of programe g aavelons s

Programming Algorithr. Figuie 2 snow: -
St the ZBEEN4/08 prograrmming alger tr

Table 7. Timing of Programming Waveforms

Parameters Name Min Max
Address Setup T'me ?

2 Data Setup Time . .

3 Ve SEILD 2 R

4 V.. Setup Time Z e

5 Chip Enable Setup Time . s

& Program Pulse Width 085

v Data Hoid Time 4 A

8! /QE Setup Time < e

9 Data Access Time 200 o
10 Data Output Float Time CC 1S
i Crverprogram Pulse Width 285 A
12 EPM Setup Time 2 e
13 ,/lf-'-(:,;M Setup Time 2 T ) 1: -
14 Address to /OE Setup Time 2 a4
15 Opton Program Pulse Width 78 G

4.0
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286E04/08 CMOS 28°
8-BIT MICROCONTROLLER

Low EMI Emisasion {Continued)

. 2/

P31 = Clock

e
e

'AVAVAVANVAS

)
e st
PoC = Clear

&)
intemal -
Agdress
Vin 0 Min
Data invalid Valid Invalid
3
lr_ .egend:

T1 Reset Clock Width 30 ns Min
T2 Input Clock High 30 ns Min
T3 input Clock Period 70 ns Min
T4 Input Clock Low 30 ns Min
15 Clock to Address Counter Out Delay 15 ns Max

Figure 17. Z85E04/08 Address Counter Wavetorm
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186E04/08 CMOS 28°

8-BIT MICROCONTROLLER

Asress

Data

PP

vCC

CE

OE

Vim

Aadress Stable ondress Slable_x

ViH

e

ViL

invale)

Vald Invaiid Vahd

VIL

©

4

W

ViIL

4 5V

55V

Vit

VIL

ViH

’ ,.ll o
l

Y

0 Min

VIL

ViH

Figure 18. Z86E04/08 Programming Waveform

(EPROM Read)

416
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286E04/08 CMOS 8¢
8-B17 MICROCONTROLLER

Low EMI] Emission (Continued)

Vi
Address Address Stable X
VL
Vi "_®
A
Data Data Stable Cata Qut Valig
Vi X

6V
vCC
4.5V

YH

CE
Vi

£
AT YT
RN

Ot
Vi

VH

VL

ﬁ ©

M—— e Program Cycle

L——— verty Cycle  ————a

Figure 19. Z86E04/08 Programming Waveform

(Program and Verity)
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Z86E04/08 CMOS 28°

(’9 ZJL-GS 8-Br MICROCONTROLLER
Vir
Agaress
ViL
Vir
Data
ViL
Vi
Vep
Vin
®
6V
Ve
4 5V
O
Vi 4
‘CE
ViH =
5 )
ViH
O€
Vi
Vi
EPM
Vin ViH
Y] -
1 \1\—2 @
Vi
b
'PGM Vie

EPROM Protect Low Noise

Figure 20. Z86E04/08 Programming Waveform
(EPROM Protect and Low EMI Program)

S
Y
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I86E04/08 CMOS Z8*

8-B/T MICROCONTROLLER

Low EMI Emission {Continued)

Addr =
First Location

1

Vee = 6.0V

Increment
Address

Vpp = 12.5V

Program
1 ms Pulse

1

Increment N

Prog. One Puiss
3xN ms Duration

Vee = Vpp s 4.5V

Pass

Verity Al
Bytes
Pass

Vee = Vop = 5.5V

(Dwm Failed )

Verty All
Bytes

Pass

Figure 21. 286E04/08 Programming Algorithm
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ZB6EO4/08 CMOS 8¢
8-BT MICROCONTROLLER

ABSOLUTE MAXIMUM RATINGS

Parameter

1Ny Powitn Hesgecttu v Thgte

v Pinwin Respectto v

lage of P 6 with Respect 1oV, Nats /)

Tora Power Dissipaton

Maximum Correntout of v

Maxmum Carrentinto V

Maximum Current into an fnpul Pin [Note 3]

Maximum Currentinto ar Open-Orain Pin [Note 4]
ximum Output Current Sinked by Any /0 Pin

maximum Output Current Sourced by Any 1O Pin

Total Maximum Output Current Sinked by Port 2

Total Maximum Output Current Sourced by Port 2

Notice:

Stress greater than those isted under Absolute Maximurm
Ratings may cause permanent damage to the device. This
1S a stress rating only: tunchonal operation of the device at
any condition above those indicated in the operationa!
sectionsof these specifications is notimplied. Exposure to
apsolute maximum rating conditions for an extended pe-
nod may affect device reliability Total power dissipation
shouid not exceed 462 mW for the package Power dissi
pation is caiculated as follows

Tetal Power dissipation = V., x [ 1., - (sumot | )]+ sumof { %

Min Max Unhs

a0 L

6)f .

Lf . v

gz o v

OF i v
46, W
f. A
3.4 MA

60C ~B0C HA

800 # B0 HA
A MmA
“;\ mA
S A
70 mA

Notes:

"] This apphes 1 4. o~ exCept where otherwise roteo Max. i
current into pir ot 1o 1 600HA

12) There is nG input 4+ e bon diode ToM pPin to V.,

[3] This excluges P ¢ and Pin 7

{4] Device pir 15 no .t 1 output Low state

Vobx . sum ot (V‘,\‘ X '.1)

STANDARD TEST CONDITIONS

The charactlenstics hsted below apply for standard test
conditions as noted. All voltages are referenced to GND
Positive current flows into the referenced pin {Figure 22)

From Output
Under Test

f 150 pF

Figure 22. Test Load Diagram

CAPACITANCE

T, = GHC - OV 1 VO MHZ neasured pins 10 GNC

Parameter Max

input capactancs 10 pF
Output cagactar.e 20 pf
G capacas Do 25 pt

4.23



Z86E0L08 CMOS T8
MICROCONTROLLER

QN 205 8811
DC ELECTRICAL CHARACTERISTICS
T,=0°Cto+70°C Typlcal
Symbeol Parameter Vee Min Max @ 25°C Units Condltions Nutes
ax nput v atage 45V 12 v y < 250 pA
5 5\ 12 v Iy < 250 pA
T T npt 45V 08 V- Vee#d 3 24 v Driven by External
Lotage Clock Generator
=y 08V Veer0 3 2k / Criven by Externa
Clock Generator
o o 0Dt oW a5y V03 02V 16 o Driven by Extemna )
V01age Clock Generator
5 5y V03 0.2 Vee 23 v Driven by Externa
Clock Generato:
.. pd High Voitage 45V 0.7 Ver Vec#03 21 v T
5 5V 0.7 Vee Vec+03 27 v
nput Low Voltage 45V V03 02V v T
55V Vgs-03 0.2 Ve v
Ve Output High Voftage 45V V04 39 v low = ~2.0MA @
55V V0.4 54 v lon = ~2.0 MA 3
Vo Qutput Low Voltage 45V Vee04 v Low Noise @
low = ~0.5 MA
55V Vee04 v Low Noise @
fop = 0.5 MA
Jutput Low Vottage 45V 04 v Low Noise @ )
lo, = +1 MA
55V 04 v Low Noise @
Lﬁ. = ¢1 mA
Voo Dutput Low Volage 45v 08 0.2 v lo, =+40 mA 3
5.5V 0.4 0.2 v lo = +4.0 MA i3]
Y Outpat Low Voltage 45y 8D 07 v o = +12MA o
3 Pin Max
55V 08 95 v fog = +12 MA
3 Pin Max 3
ﬁ:: Comparator Input 45v 10 6 mv - o
O#set Voltage
55V 25 7 mv
- Auto Reset Voltage 155 27 24 v -
‘nput Leakage 45V 10 10 10 A Ve OV Ve
nput Bias Cutrent 55V 10 10 10 pA Vo= N Vo
< Comparates:
S e T oo 10 A Vv
55y 16 y 10 pA Voo - OV ¥,
T rpu Common Mode B AN v o

votage Range




286E04/08 CMOS 28

N 205 88T MCROCONTROLLER
T,=0°C 10 +70°C Typical
Symbol Parameter Ve - Min Max @ 25°C Unlts Conditlons
Supply Cutrent 45V 40 JC A Al Qutput ans s o
{Standarg Moae Fipaling & & M~
S5V 7z 53 mA All Quiputars s
Floating & ¢ Mr
45y 30 45 TA Al Qulput 3
Fipaling @ & M
oY T 4 Th All Quiput dns e s
Froating & = v
45V i s mA Al Qutput ar: 5
Floaing & *7 M
55V 15 g TA Al Quipot ans .
Floating g "M
Stancby Current 45V 25 A TA AALT moge v
:Stancars Moge. Vo G2 M
oy 4n 1A HALT mode
Y ¢ @ 2 MH:
45y 40 X A HALT moge & ,
V. @B8MH:
55v 50 an mA HALT mode v, - U
V. @8MH:
45V 50 K] TA HALT mode v, « «»
vV, @12 MH: (£08
55V 70 23 mA HALT mode V, = 0V
Vo @12 MH: 1£08)
Supply Current 45V 40 22 mA All Qutput and /0 Pins
iLow Noise Mode! Floating @ 1 MHZ
55V iy 47 mA Al Qutput and I/0 Pins
Fioating @ ! MHz
45v nl 25 TA All Qutput and 1/0 Pins
Flogling @ 2 MHz
55V 96 55 TA Alf Qutput and 1/0 Pins
Fioating @ 2 MHZ
15y 40) 44 mA All Output and /0 Pirs
Floating @ 4 MHz
55v g 7§ TA All Qutput and /0 Pins

Fioating @ 4 MH2

4-25



2B6E04/08 CMOS Z8°
@ ZJLQS 8-8r1 MICROCONTROLLER

DC ELECTRICAL CHARACTERISTICS (Continued)

T,=0°Cto+70°C Typlcal
Symbol Parameter Ve Min Max @ 25°C Units Conditions
Standby Current 45v 2 04 mA HALT mode V, = OV
iLow Neise Moge V.. @1 MH
S5V - 16 ne mA HALT mode V, = Ov
V. @1 MH
45y th 38 mA HALT moge V, = 0v
V. @2MH
55V 19 : mA HALT moge V,, = OV
V, @2 MH:
45V 20 78 mA HALT mode V,, = OV
V., @4MH:
55V 24 13 mA HALT mode v, = Ov
Vo @4 MH
Stangby Current 45V 10 10 pA STOP mode v, = OV.
V.. WOT is not Running
5.5v 0 1.0 pA STOP mode V,, = 0V,
YV, WOT is not Running
. Auto Latch Low Current 45V 10 6.0 A VeV, <V
5.5V 15 115 A VeV, <V,
. Auto Latch High Current 45V -70 -33 pA V<V, <V,
5.5V -0 6.5 A OV eV, cv,
Notas:
RS R Typ Max Unit Freq
Clock Driven 03 50 mA 8 MHz
zrystal or Resonator 35 5¢C mA 8 MHZ

27 4, =OV=GND

4-28



ZBGEO4/08 CMOS 28°

o 205 8-BT MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS

} Pa

Clock

IRQ

Figure 23. Electrical Timing Dlagram
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786E04/08 CMOS 28°
8-BIT MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
tooa Noise Mode

T, = 0°C 10 +70°C

1 MH: 4 MHz
No Symboi Parameter Vee Min Max Min Max Units Notes
Tal aput Clock Period 45V 1000 De 250 bC ns
55V 1000 0e 250 bC ns i
IR ~1ock Input Rise 45y % 2% ns ]
and Fall Times
55v 25 25 ns
Tw( input Clock Width 45v 500 125 ns (1)
55v 500 125 ns 1
3 Twlinl Timer Input Low Width 45V 100 100 ns M
5.5V 70 70 ns {1]
5 TwTinH Timer Input High Width 45V 2.5TpC 2.5TpC (1
5.5V 2.5TpC 2.5TpC {1}
6 TpTin Timer Input Period 45v 47pC 4TpC {1
5.5V 4TpC 4TpC {1
7 TrTin, Timer Input Rise 45V 100 100 ns (1]
TTin and Fall Timer
5.5V 100 100 ns 8l
8 Twll int. Request Input 45V 100 100 ns 112
Low Time
55V 70 70 ns (1.2
T 1 Request Input 45 25TpC 257pC ny
High Time
55V 251pC 257pC {1.4]
10 Twat Walch-Dog Timer 4.5V 1% 15 ms 8l
. Delay Time
55v 10 10 ms 11
v OR Power-0n 45y 15 10 ms (1]
Reset Time 5.5V 15 10 ms (1

Notss:
{1] Timung Reference uses 0.9V for atogic 1and 0 1V, for a logic O
{2} interrupl requast through Port 3 (P33-P31)




I86E0408 CMOS 28°
N 2iLa5s 8-BT MICROCONTROLLER

AC ELECTRICAL CHARACTERISTICS
Standgard Mode, Standard Temperature

T,=0°Cto +70°C

8 MHz (EC4) 12 MHz (E08)
Ne Symboi Parameler Ve Min Max Min Max Units Notes
"ol input Ciock Period 45v 125 be 83 DC ns
55V 125 be 83 oC s
K TiC e Clock Input Rise 45v T 19 o0y
and Fall Times
55v 25 15 i
3 Tl Input Clock Width 45V g 4 ns T
55V ¢ 41 ns ;
4 TWTin Timer Input Low Width 45V w 100 ns ()
5.5V 70 70 s ok
5 TwTinH Timer input High Width 45y 5TaC 5TpC Y
5.5v 5TpC 5TpC il
6 TpTin Timer Input Period 45V 8TpC 8TpC i)
55V 8TpC 8TpC (1
7 ItTin Timer Input Rise 45V 100 100 ns i
NTin and Fall Timer
55v 100 100 ns {1
8 Twll int. Request Input 45V 100 100 ns A
Low Time
5.5v 70 70 ns 1.2
9 TwiH Int. Request input 45v 5TpC 5TpC m
High Time
5.5V 5TpC 5TpC (1.2]
10 Twat Walch-0og Timer 45v 15 15 ms )
Delay Time
5.5V 10 16 ms 11}
~ T7POR Power-0n 45V 80 60 ms ]
Reset Timer 55y 45 5 ms )

Nows:
[1) Timung Reference uses 0 7 v for a logic 1 and 0 2 Ve for atogc 0
12} interrupt request through Port 3 (P33-P31)
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Z86E04/08 CMOS Z8*
8-BIT MICROCONTROLLER

28 CONTROL REGISTERS

oo

—T— _r
No Functon

l ' Loaa 10

Osable TO Count
Enaple TO Count

l‘i

No Funcuon
Load T

Oisable T1 Count
Enable T Count

Tw Modes
00  Extermnat Ciock Input
01 Gate Input
10 Tngger input
(NoN-retnggerable)

Ti

NgQe’ Input
{Retnggerabia)

Reserved (Must be 0)

n

Figure 24. Timer Mode Register
(F1H: Read/Write)

FEEEEERE]
;“ Ty Inoal Vaive

{(When Written)
(Range 1-256 Decimai
0100 HEX)

Ty Current Value
When READ}

Figure 25. Counter Timer 1 Register
(F2H: Read/Write)

FEEEEER
L Lount Moce

0w T, Singie Pass

t =Ty Moduio N

ek Source

V= Ty oseenal

0 = Ty Exwnal Timing Inpyt
7T g ) Mode

Prescaiec Moduio
(Rangs 1-64 Decimai
00 HEXY

Figure 26. Prescaier 1 Register
(F3H: Write Only)

Ev]mlm[mlm]m[ovm
L e

(When Writter
(Range 1-256 Decima
01-00 HEX

Tp Current Vaiue
When READ)

Figure 27. Counter/Timer 0 Register
(F4H: Read/Write)

lov[oalos[m[oa]m[m [ oo}
I—— Count Mode

0 =T, Single Pass

1= T, Moduio-n
Resorved (Must be 0 )
Prescamwr Moduio
{Range 1-64 Decimal
01-00 HEX)

Figure 28. Prescaler 0 Register
(F5H: Write Only)

[Drlmlmlm[m[mlm]oﬂ
['h P2 5 - P2g VO Detinibon

0 Defines Bit as OUTPUT
1 Dehnes Bit as INPUT

Figure 29. Port 2 Mode Register
(F6H: Write Only)

R247 P
[o7[ o os] 04f 0o} 02]01[ 00|
L 3 Port Z Pui-Ugs Open-Orain

t Pomt 2 Puii-Ups Actve

Por 3 inputs
2 Digutat
1 ANngg

feservec Musi b

Figure 30. Port 3 Mode Register
(FTH: Write Only)
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186E04/08 CMOS Z8°
8-B/T MICROCONTROLLER

28 CONTROL REGISTERS (Continuec:

OECEERER
I__.._ BLy PLL Move

20 s Outpet
01 = Input

Hesersoo (Must De

Must be C

Reserned (Must te &

Figure 31. Port 0 and 1 Mode Register
(F8H: Write Only)

EE0EDBRE
T 1L |

Interrupt Group Prionty
Resorved » 000
C>A>B =003
A>B>C =010
A>C>Be0ON
B>C>Aw100
C>8>Ae 101
B>A>Ca10
Reserved « 11

1RQY, IRQ4 Prionty (Group C
0 = IRQ1 > IRQ4
' = IRQ4 > 1RQ1

e |RQO, 1RQ2 Prionty (Group 8
0 = IRQ2 > IRCO
1 = IRQO » IAQ2

IRQ3, IRQS Prionty (Group A,
0 = 1RG5 > IRQ3
1 = IRQ3 > IROS

Resarved (Mustbe 0,

Figure 32. interrupt Priority Register
(F9H: Write Only)

Re50 ARG
{or]ve] os] 04f 03] o201} oo]
I
TRQC « PA2 Input o

RQ1 - P33 Input’,
IRQ2 = P31 Input .
IRQ3 = P32 input ©
IRQ4 = TO

IRQ5 = T°
Reserves Musl e~

Figure 33. interrupt Request Register
(FAH: Read/Write)

E:H:G‘i[)ﬁ][)‘lDJ]DZID‘]DO]

i Erates oo
R TS

|

Haserveg Mo e

D Enabies e

Figure 34. Interrupt Mask Register
(FBH: Read/Write)

R252 Flags

[FTelo]o]o o]0 ]

8

User Flag £+

Use: Flag F

Hart Carry Flag
Deamal Adjust Fag
Overtiow Flag

Sign Flag

Zero Flag

Cairy Flag

=

Figure 35. Flag Register
(FCH: Read/Write)

lﬂ;si :[os]ml HEIRE)

e—
L'——- Resorves (Must 08 0

Regisier Pounter

Figure 36. Register Pointer
(FDH: Read/Write)

el ]=]

(

Stack Pnte! oowe
Byts (5P~ 5P

Figure 37. Stack Pointer
(FFH: Read/Write)
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ZBEEOA/08 CMOS 28°

52) Zij 8-8B1T MICROCONTROLLER
OPERATING MODES
Current 6
(ma) e at 5 5V
lcc at & OV
lect at 5.5V
4 - —4% et sy
_____—-——‘—-—"'1____—-‘-—-‘"-4""‘““ -
2 ‘ ‘
2 3 4 5 6 7 8 9 10 11 12
Frequency (MHz)
Figure 38. Maximum | and I, vs Frequsncy In Standard Mode
11
Current kc at 5.5V
(ma)
10
9
8
7
6 loc & 4.0V
S
4 }
3
O S e N
‘ —T T [
| ! ! ; loct at4 0V
T i ‘
0
! ’ 3 4 & [ ? 8 9 10 " 2
Frequency (MHI)

Figure 39. Typical i__ and l.c, v8 Frequency in Standard Mode




286E0408 CMOS Z8*
8-B11 MICROCONTROLLER

N 236
OPERATING MODES (Continued)
Current 8
(ma) lcc at S 5V
7
6
5
4 - ] lcC at 4 0V
3
2
1 L lcc1 at 5.5V
lcct at 4.0V
ol

10 15 20 25 30 a5 4.0
Frequency (MHz)

Figure 40. Typical | . and i ., vs Frequency in |.ow EMI Mode

Current
SV
(ma) 5 P Rt
. P " -

A loc at 4.0V

lct at 5.5V

e i1 at40v

0 15 20 25 30 35 40
Frequency (MHz)

Figure 41 Maximumi.. andi_, vs Frequency in Low EMI Mode
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@ZJLCE 8-B17 MICROCONTROLLER
Time 80 v
{Msec) T ‘ ]
75 . IS S 4.0v
0 | n _ | [ . ~
65 |__ . oo | } -
60 | 1/\l/f/_l | J 4.5V
—
55 | . ] | e
{ | ; 5.0V
50 | ( ; ] | —
as | f _____‘%__,f | 5.5V
w F— _
| J [ Temp
35
-5°C 25°C 75°C
Figure 42. Typical POR Time Out Period vs Temperature
Time 34 T
T
2 | i A sov
30— - T ~—~—%~—-—~———— —— -
28 |
| ~
2 | / I / 4 4.5V
24 . ] ]
2| — 1 1 1.
o /.}/
" !_’__________._-———- J/ 5.5V
16 /—[ —_
| ey
Temp
14 —"_—H | I
-5°C 25°C 75°C

Figure 43. Typical WDT Time Out Period vs Temperature
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286E04/08 CMOS 78°
8-BIT MICROCONTROLLER

INSTRUCTION SET NOTATION

Addressing Modes. The foliowing notatiun 1s useg ¢
jescribe the addressing modes anc Nstruction opera-
1nne as shown N the instruchion summary

Symbol Meaning

RR Indirect register pair or ‘ndirect working
register par address
ingirect working-register cair oniy

X Ingexed adgress
DA Direct adgdress
RA Relative address
' immediate

Register or working-register agaress
Working register address only

jis} Indirect-register or ndirect working-
register address

ir Indirect working-register agaress only

RR Regster pair of working register pair
address

Flags. Controi register (R252) contamns 1he FONOWING Six
Hags

Symbol Meaning

C Carry fiag

P Zero flag

& Sign Hag

v QOverfiow tlag

] Decimal-adjus! tay

ol Half-carry flag

attected tags are indicated oy

C Clear 10 zero

E Set to one

: Set to ciear accordmg 1o cpetalion
Unaftected

X Undefined

Symbols. The following symbols are used n descnoing
the instruction set

Symbol Meaning

dst Destination location or contents
sIc Source location or contents

cc Condition code

-] indirect address prefix

SP Stack pointer

PC Program counter

FLAGS Flag register (Control Register 252)
RP Register Pointer (R253)

interrupt mask register (R251)
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786£04/08 CMOS 28*

‘;AQ 2L 8-81T MICROCONTROLLER
CONDITION CODES
Value Mnemonic Meaning Flags Set
) 1000 Always true
o111 cC Carry C=i
IARS NC No Carry C=C
0110 z Zero I="
1110 NZ Not zero Z=0
1101 PL Plus $=0 -
0101 Mi Minus S=1
010C ov Overtiow V=1
1100 NOV No overflow V=0
0110 EQ Equal Z=1
o ) NE Not equal 2=0
1001 GE Greater than or equal (S XOR V)=0
00C1 LT Less than {S XOR V)=1
101C GT Greater than [Z OR (S XOR V)}=0
0010 LE Less than or equal {ZOR (S XOR V)]=1
1111 UGE Unsigned greater than or equal C=0 o
o111 ULT Unsigned less than C=1
1011 uGT Unsigned greater than (C = 0AND Z=0)="
2011 ULE Unsigned lass than or equal (CCR Z)=1
2000 F Never true (Always False) -
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286E04/08 CMOS 28°
8-BIT MICROCONTROLLER

INSTRUCTION FORMATS

(o=t [ orc ]

CCF W1 bt 7 O
ACF RAET SCF

INC -

One-Byte instructions

oPC | MODE CLR. CPL, DA, DEC
DECW, INC. INCW,
gsvsc R [ 1110 l {vm] POP, PUSH. RL. RLC.
AR ARC SAA, SWAP
OFC JP. CALL (Inchrect)
st o T et l
OFC SAP
VALUE
OPC | MODE ADC. ADD, AND, CP.
o OR. SBC. SUB, TCM.
bt ™. XOR
MODE | OPC LD, LDE, LDE!L.
provysp LDC. LDC!
achl orPC LD
srofost rftrro] s |
o | ORC %)
VALUE
s CC | OFC DUNZ, JA
RA
FFH STOPMALT
R

Two-Byte instructions

oPC [ MODE ADC. ADD. AND.LF
LD, OR, SBC. SUB
v GRPTTI0 ] e TCM TM.XOR
ast agifri1o] os
OPC | MODE ADC. ADD, AND. CP
LD, OR. SBC. SUB.
ast on[rio] ast_ | TCM T XOR
VALUE
$C orRji110 £
det orf1iio] o
MOOE oPC I
asvarc x
ADDRESS
o I opC ®
DAL
DAL
oPC CALL
DAU
DAL

Three-Byte Instructions

INSTRUCTION SUMMARY

Note: Assignment of a value 1S Ingicated by the symboi
‘* For example

381+ dSt + SIC

ndicates thal the source data s added 1o the destinalion
Aata and the resuitis stored in the destination jocation The

nolation ‘addr (1) s used to reter 10 bit (n) of & giver
operand locanen For example

st/

refers 1o Hi 7 Y e (Jestinalion operdana
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I86E04/08 CMOS 73

09 ZJLC]E: 8-B1 MICROCONTROLLER
INSTRUCTION SUMMARY
Address Opcode Address Opcods
lastruction Mode Byts Flags Aflecied Instruction Mode Byte Flags Aftected
and Operation dst sic  (Hex) CISsSVDH and Opsration dst src  (Hex) CZSVDOH
ADC 25! sic t 1] * INC ast ' £ . 5w
I5te= 380« SIC +C dste--dsl « ! =0
ADD ¢st sr¢ H o} * ok ok x 0 % ‘RR é‘:
ISle=351 + §1C )
A0
AND gst. st t 501 g:ﬁ!ldglsl' | ,RHR AT ’ )
aste-15¢ AND s1¢
- IRET 3F * ¥ % ko
et o FLAGS@SP
;SP ¢E SPe—SP +1
Mo PC~@SP
Dath SPe—SP +2
CCF £F * IMR(7)e-1
Sty JP cc, dst DA )
CLR cst R B8O it cc is true c=0-¢
aste R B1 PCedst IRR 30
COM 13! R 80 JR cc, dst RA B
dste—NOT st IR 61 itecs true. t=0-F
PCePC + dst
CP st st t Al * Range: +127. ~128
ast - sic
LD dst. sr¢ rooim C
DA os R 40 * dste=src i R ]
dste~CA st iR 41 R ¢ Q
DEC ot R 00 . ;;0 B
aste—dst — 1 IR o X 57
DECW ost RR 80 L
dstedst - 1 IR 81 iror P
R R £4
O 8f R R 5
IMR( R M £6
DUNZI dt RA A RO E
Pert =1 r=0-F R R £
dr=0 LDC dst. st row Q2
PCe~PC + gst dste-Src
Range -127.-128
LDCI ds!. sic Ir i 23
3 9 dste-sic
IMR(7}e—1 fel 1
HALT 7F Me=0f 41
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Z86E04/08 CMOS 28°
8-B1T MICROCONTROLLER

INSTRUCTION SUMMARY (Corr e

Address Opcode

Address Opcode

Instruction Mode Byte Flags Affecied Instruction Mode Byle Flags Affected
and Operation dst src  (Hex) CZ S VDH and Operation dst src (Hex) 2 S VDH
NOP o STOP e
ORcst siC T g SUB a3, sic . T
Sl 38T OR st st -s1e
POP 5 3 BN SWAP 1! R Fo x e s
255 a T [, . o
PUSH sr¢ A s _
SPeSP -1 ] TCM st sic t B | - o
3P e—s1t INOT.gst;
AND si¢
RCF TF it o
Cel T™ dst, sic t U * o
dst AND st
RET AF [
PC—TSP. WDH 4F
SPeSP+2
wDT SF X X X
RL ast R % * k k% * - XOR d : B 0
(] IR 41 St, S1C O
dste—dst XOR src
RLC ast R Y koK ko Xk t Thase msiruchions Nave an igentical set of acdressing modes which
iR e are encoded (o brewty The first opcoae nibbie s tound in tneinstruchion
G set tapie above The second nibbie is expressed symponcally by a { |
in this table Bnd 115 value 18 found in the loilowing tabie 1o the lett of the
RR ds’ R £ * % Kk ok apphcabla addrassing mode paw
S i
R - For example the opcode of an ADC Instruction using (he agaressing
maodes  (destinabor ) ang Ir (source) 1s 13
st R ce * %k ok ok
) R o Address Mode Lower
dst sic Opcode Nibble
SBC ast stc t ¥ * ok ok ok 1 ok r it i
dste—asi__sic__C o
SCF nE 1 _ 3
Cet
Q Bl 2
SRA ¢3! R iy * % % 0
___1‘ R =] H >
g] M £
SRP g2 .oim kN IR M
RPe~<:




Z36E04/08 CMOS 28¢
§-BT MICROCONTROLLER

aN 205
OPCODE MAP

Lower Nibble (Hex)
C 1 2 3 4 5 - 8 T ] 9 A B & o] E F

65 [ €5 65 105 105 108 105 65 65 (127105 1100 | 65 12100 65
" DEC DEC ADD ADD ADD ADD ADOD ADOD o W DUNZ 82 w JP INC
)] IR 112 |y w2 |[R2 R BRZ.RY JR1IM IR, IM | r1 R2 [r2 RY |1 RA Jcc RA |1t M jcc DA 2
65 €5 65 65 105 108 0SS 105
RLC RLC ADC ADC ADC | ADC ADC ADC
)] iR1 .62 |11, w2 [R2.R1 PR2.RY R IM {IR1 M

£5 65 65 85 105 108 105 105
i INC INC sue sU8 SUB | U8 sve sU8

R R 12 et 2 |R2,R1 JRZ. R R IM [IR1, M
80 61 65 65 105 105 105 105
il JP SRP s8C SBC SBC S8c SBC SBC
AR Y] o2 | w2 {R2.RY PRZ.RY R IM [IRY, M
85 85 65 65 105 | 108 105 105 40
4 OA DA OR OR OR OR on OR WOH
Rt R 1 r2 [ r1 42 [R2.RY PR2.R1 |R1,IM [IRY1, M
105 105 65 65 105 105 105 105 50
& POP POP AND AND ANO AND AND AND WwOT
o IR r1.r2 [r1. 102 |R2.RY JR2. RY |R1.IM [IR1. M
65 65 65 65 105 105 105 105 60
L3 CoM oMt TCM TCM TCM | TCM TCM TCM STOP
g R1 R 1,12 |t w2 JR2,RY PR2, AT |RY.IM [IR1 IM
2 a2 honat | &5 | &5 | 105 | 105 | 105 | 105 70
4 PUSH | PUSH ™ ™ ™ ™~ ™ ™ HALT
g R Rr2 r1r2 [l k2 {RR.AYT PR2.RY JRY IM [IR1, M
10.5 105 : 61
L} DECW | DECW o }
AR 3]
&5 65 61
¥ R AR
m R
105 105 65 65 105 105 105 10.5 140
A INCW | INCW >4 [= 4 (>4 cP cP o RET
RAR1 R f1.r2 |1 2 |R2.RT JR2.R1 |R1,IM [IRY, iM
65 65 &5 65 105 10.5 105 10.5 160
L] CLA CLR XOR XOR XOR | XOR XOR XOR IRET
/! IR1 .2 [ w2 [R.AT BR2.P1 {R1IM JIRL M
65 65 120 180 105 65
c RRAC RRC LoC oGy ¥+ RCF
)] RN 2 fiey 2 r1 X R2 .
&5 65 200 200 105 65
D SRA SRA CALL® CALL (¥ ] 8CF
R IR 1RRAY s r2x R1
65 65 &85 105 105 105 108 65
Z R R w w V) [V} V. CCF
R R1 1. 1R2 |R2. R PR2 AT R IM [IR1, W
a5 as 65 05 60
F SWAP SWAP 8] w NOP
o | e .12 R2, A1 Y(YiIYI( Y[V IYiY
- —— A
~~ ~~ ~~ Ny e e
2 3 2 3 1
Bytes per Instruction
Lower Legend:
Opcode R = 8-bit acdress
- Nibble r = 4-bdt address
Execution J Pipsine Ryjor rq=Dstaddress
Cycles Rgor rp= Sc address
4
Upper 105 Sequence:
Opcode A e - gpcoce. Fust Oporanc
Nibble Ay F::— Mnemonic Second Operand
Note: Blank areas not defneo
F Second * 2-Dyte nstruchion 4ppears oS 4

Operand Operana 3-byte instruction
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PACKAGE INFORMATION

, . A I MILLIME TER INCH i
Jan 1 un W oo Wen B o BY i I 4y S0 00 W v | T NIN MAX MIN MA X j
oAl o3 0.81 0do 032 |
q 4 a2 323 | 343 120 138
LD 4 o G0 S 2 G 1 0 40 A e 1 - 038 £33 013 gt
w » . 51 114 1.63 043 065 |
'f’— “1 c 023 | o38 009 os_
L — ] D 223% 2337 | amo %2
e 762 | 813 300 320
. €1 622 | 6.8 245 [ 2s%
2.34 TYp 100 TP
- vA 787 | 999 | a0 3% .
L e | 30 123 130 |
al 152 | 165 | o060 | o063 |
U s | coo | 163 | o018 063 |
- " r al [ a2
k| 1 CONTROLLING DIMENSIONS . INCH
L
—— A
J s «J J | ]
18-Pin DIP Package Diagram
’ ¢
4 L
2

RRAAAAARGR

AEELEERE:

2-s
o ML DETER D
H T | hiatos MIN MAX [t MAX
Af 1 4 A 2.40 263 094 104
1 A e 630 204 ne
=
r j L /’ A2 224 2.44 200 9%
< - J — » SEATING PLANE » .36 [y} Y e
¢ 023 | 03 209 Y}
[] 1L40 uwrs | 449 [ 463
€ 7.40 1.468 m 2
CONTROLL ING DIMEXSIONS - M 2 1.27 TP 0% YYP
LEADS ARC COPLAMAR VITHIN 004 INCH W 1000 | 1663 | 394 | 419
n 6.20 0.40 o2 76
t 060 1.00 024 29
o1 697 | 187 220 042

18-Pin SOIC Package Diagram
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regularly undertaken. The general diagram of a 12 Vv battery

is enclosed page over.

5.1.6. BATTERY SERVICE

The battery plays a key role in the overall functioning
of the electrical system. To insure reliability and to
extend useful service 1life, the battery should receive

periodic inspection and maintenance.

A wvisual inspection will help to determine which
maintenance services are needed. Typical needs could
include; cleaning of cable terminals, battery posts, and
battery top; adding distilled water to cells (not  noeeded
with maintenance - free battery) ; tightening battery hold

down; battery charging, or replacement .



BATTERIES CAN BE DANGEROUS

Battery electrolyte contains about 38 per cent
sulphuric acid and can cause serious skin and eye burns. If
the electrolyte comes in contact with the skin, flush the
area with large quantities of cold water. If in the eyes,
flush with cold water and then consult a physician. Battery
acid ,on the car or on clothing should be flushed with cold
water. Follow with a mixture of baking soda and water to

neutralize the acid.

The following safety rules should be observed at

times:

1. When handling battery electrolyte, wear goggles and
rubber gloves. 2. If mixing sulphuric acid and water to
make an electrolyte mixture POUR ACID INTO WATER, DO
NOT POUR WATER INTO ACID. Add acid slowly and stir

constantly with a clean stick.

3. Never strike a spark, light a match, or bring other
open flames near a battery. The charging proce:ze
creates a mixture of hydrogen and oxygen gases which
can ignite and burn with EXPLOSIVE FORCE. This could

rupture the battery case and throw acid over a wide

area.

o



Use a properly fitted lift strap to move batteries.

When a battery is removed from the car, place where it
will not be knocked over, dropped, or exposed to sparks

or flame.

Store battery acid or dry-charge battery electrolyte

where the containers will be safe from breakage.



BATTERY VISUAL CHECK

Examine the battery for signs of corrosion, cracking,
and leakage. Inspect hold-down terminals, cables. and

electrolyte level.

IMPORTANT NOTE : When testing either DC generator or
alternator systems, instructions provided by the
manufacturer of the test equipment should be carefully
followed. Be sure to use specifications, voltage drop,
current output, and voltage output speficied for the exact

make and model being tested.

5.1.7. REGULATOR:

The regulator we make use of in our system is the 7805
regulator. The function of this regulator is to step down
the 12 V supply given by the car battery to 5 V for digital
applications.

This series of fixed-voltage monolithic integrated
circuit voltage regulators is designed for a wide range of
applications. These applications include on-card regulation
for elimination of noise and distribution problems

associated with single-point regulation. Each of these



uA7800 SERIES

~POSITIVE-VOLTAGE REGULATORS

UA7805C and uA780S5Q elect

rical characterist
Vi=10V, g = 500 mA (uniess otherwise noted)

R

Ics at specified virtual junction temperature,

F PARAMETER TEST CONDITIONS Tt MIN  TYP MAX | ONIT
25°C 48 5_52] ‘
. 1 - - " - ——
| Otoun vonage ::9 12@;« 01A Vi=7Vio20V. Fulrange$ | 4 75 spg .V
[ £ N i :
[ Vi=7Vio 25V ! 3 1060 -
. i ———— ; :
Input reguiation Vi=8Vio 12V 25C 501 TV
+ e e ey
| Ripple rejection Vi=8Vto18Yv, 1= 120 Hz Fullranged 7 g 78 . B
7
P at lo=5mAto15A —J : i 100 ! ;
t & e Tt et my/
Outot reguiation l0 = 250 mA t6 750 mA | ®C 5 55 ™V
_Q_utput resistance f=1kHz [ Full ranged | 001" Q@
Temperature cosfhcrent of output voltage |10 = 5mA Full range¥ | S ~+;_r-nv.f"c 5
Output noise voitage f= 10 Hz 10 100 kHz 25°C | 40 Luv
Dropout voltage io=1A 25°C 2 TV
F! Bla§ Current 25°C 42 8 mA |
:B:as . Vi=7Vto2sv 5 13
:“_ Curient change I0=5mAtoT A Fuli range’ Y o? mA |
{ Short-circunt output current 25°C 1T 750 . mA
Peak output current 25°C f 22 Poa
UA7806C electricai characteristics at specified virtual junction lemperature, V, = 11 v, io = 500 mA
(unless otherwise noted)
. PARAMETER TEST CONDITIONS I T TN R MAx UNIT
| 3¢ L 578 & s25
i Output vonage ! lD=5mAto1 A Vi=8Viw2rv '
Peisw CDCro 125°C e £
e — * e . L o
T Vi=8Vio25 Vv osec | s 20 }
: r ) 25°( e e ;
[ ogulanor Vi=8Vio 13V s sl MV
\“v L T— _.*__‘ — R e —*._1
! Ripple rejection Vie®Vicigy f=120H2 0°C 1o 125°C I 59 = . 9B
: ID=5mAto 154 ; o 200 ‘
1OuDUt reguiatior, e —_— r——— e
‘ eguaton 0 = 250 mA 1o 750 mA ;e s0, TV
Output resistance fu 1 kHz 0°Cto 125°C BRI .o
Temperature coefcient of output voltage | I = 5 ma 0°C to 125°C -08 | TVIrC
Output norse vortage ! 10 Hz to 100 kM2 25°C 48 v
| Dropout vohage o=1A 2s°c T T
{ Bias curreny 25°C 5 TS B ma
h-“__,“_%.‘__, - + e S
s Vi=8V1o 25V ‘ 3
18s current ch *C 10 125° _L*-———»»»--A“w-—w mA
}» rrent change I0=5mAto 1 A 0°Cw12 Ci o n
Shon-cireurt output current | 25°C ! o 550 mA
N i e Th
| Peak output current | esC ; . A

! Pulse-testing techniques are used

* This Specification appiies onty for de

1o maintain the junction temperature as close to the
De taken into account separately All characteristics are measured with a 0.33-,F capa

power dissipation permitted b
S Ful "ange vitua' unction temperature s 0°C

ambient temperature as pCss
Cror across the input and g -

Yy absolute maximum ratngs
10 125°C tor the UATBO5C and - 40°C 10 125°C tor the ( a7per,

Ible Tnermai eftecty mygt

ur

-apacno- across the



POSITIVE-VOLTAGE REGULATORS

R

FREE-AIR TEMPERATURE
DISSIPATATION DERATING CURVE

CASE TEMPERATURE
DISSIPATION DERATING CURVE

w
a

S

400 L Derating factor = 16 mW/ ,C ~ 8
I Rgya - 82.5°CW

Maximum Continuous Dissipation

Derating tactor = 0.25 W/°C

\ ;
\ i

200 r . 2 |— above 9o.c —— \54
Rgya ~ 4°C'W !

0 L - 0 !
25 s0 75 100 125 150 25 50 75 100 128 150

Ta ~ Free-Alr Temperature - °C
Figure 1

>mmended operating conditions

Figure 2

Tc - Case Temparature - °C

| MIN  MAX | UNT
o | UA7805C R
| UATB06C B e
UA7808C o0 2f
uA7885C R 5
"t vonage . UA7810C T 128 8
uA7812C 1 as ac
uA7815C 175 30
UA7818C 21 33
uA7824C 7 18
put current, iy - P
UA7800C Senes ! 0 25
srating vintual junction temperature, T UA78050. JA7815G { 0 = :‘ i

. TSRS

UATB00 SERIES



uA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

]
schematic
- % +— INPUT
< |
' l
o
A
4»-)) K{ e
LN
: : %
p +—¢—+— OUTPUT
+— Tl
x |
|
g
L
| !
i |
s s COMMON

absolute maximum ratings over operating temperature ranges (uniess otherwise noted)

Input voltage: UA7824C . ... ... .. ... .. ... .. e o .. 40V

Allothers .. ... .. ... ... ....3V
Continuous total disstpation at (or below) 25°C free-air temperature (see Note 1) ... . .. .. e 2W
Continuous total dissipation at (or below) 30°C case temperature (see Note 1) . ... .. . . ... ... ... 15W
Operating free-air, case, or virtual junction temperaturerange ............. ... ... —401t0 150°C
Storage temperature range ............ ... .. ... .. ... -65t0150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ... ... ..... ... ... ... ... .. 260°C

NOTE 1: For operation above 25°C trea-air or 80°C case temperature, refer to Figures 1 and 2. To avoid exceeding the design maximum virtual
junction temperature, these ratings should not be exceeded. Due to variations in individuai device electrical charactenstics and thermae:
resistance, the built-in thermal overload protectior may be activated at power levels slightly above or betow the rated dissipation.



regulators can deliver up to 1.5 A of output current. The
internal current limiting and thermal shutdown features of
these regulators make them essentially immune to overload.
In addition to use as fixed voltage regulators, these
devices can be used with external components to obtain
adjustable output. voltages and currents and also as the
power pass element in precision regulators. The uA7800C
series 1is characterizes for operation over the virtual
junction temperature range of 0°C to 125°C. The uA7805Q and
uA7812Q are characterized for operation over the virtual

junction temperature range of -40°C to 125°C.

5.1.7 BUZZER:

When the password given 1is wrong, then the relay
closes and the buzzer sounds. This is used as an indication
to the owner to know that his car is being tempered with.
The Dbuzzer used can operate over a voltage range of 1.5 to

27V DE.
5.1.8. IGNITION IMMOBILISER :
This is used to prevent the thief from driving away

with the car inspite of the alarm. When the password given

is wrong, then the relay opens and the ignition is cut off.



The details of this ignition system can be found in the

forthcoming chapter.

5.1.9. LIMIT SWITCHES :

Highly reliable limit switches are placed in the bonnet

so as to ensure any burglar from stealing away the engine,

Horn, -Carburetter and pumps etc.



X. CONCLUSION

The system designed by us was after looking into all
the constraints posed.To put in a different angle, the
system was designed after putting us into the role of a

burglar who struggles to outwit the system rightly.

There was a series of data collection, survey and a
thorough analysis of what and how the public had suffered
and the entire project was worked upon only after recieving
proper suggestions given by the victims of car burglary and

also some renowned industrialists.

With the stride and advancement in the field of
Electronics and IC technology, we public should look in for

an entire foolproof system in order to avoid losses.

The scope for an innovative anti-theft system has
been hidden for the past decade and the evolution of such a
system would be a wonderful output for our fellow people.
Also, there 1is very less task to do for the owner in

operating the system.



The discrete model of this system was also tested in
the Laboratory environment and their characteristics were
studied. The components in that model included DAC,
Counters, Displays etc. Based on this prototype model. an
advanced design wusing a " LVDT" transducer was tested

successfully.

But, to reduce the cost and size of the system and to
increase the reliability, the discrete model has been
modified using micro controller. Now "PRICOL" is assisting

us to-'technically promote the system and to further increase

its sophistication.
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