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ABSTRACT

The application areas of microprocessors have been
growing recently., In addition to various areas, efficient
and reliable results can be obteined in duplex elevator

control systems.: -

The. obgect of thls thes1s is to apply mlcroprocessor

control on a auplex 1ift system.'

»Lifts, as known, transpdrt'passengehs between floors
upﬁaras;or‘dquwards; consequent;y‘tpese systems dissipate\
mﬁch power, Most of the‘power is speﬁt by 1ift motors and
partially by control.upits.$he aim of the thesis is to
construct a more.powerful control system feducing the pawer‘
consumption and 1ncreas1ng the rellablllty. Slnce all logic
comblnatlons are consldered the performance of the duplex
1ift system is max1m1zed the waltlng time of passengers

isg mlnlmlzed, thus up-down traffic speed is 1ncreased.



OZET

‘Son gunlerde, mlkr01$lem01ler1n uygulama alanlarl
‘ glttlkge genlslemektedlr. on gesltll uygulama alanlarl.
'vyanlnda, mlkr01$lem01ler 1k111 (duplex) asansor 51stem-

lerlnln kontroliinde de guvenlllr ve 9tk1n olarak kulla—
‘..nlli:. Mikrbisieﬁéiierin'kullanlmlarlﬁln yaygin olmasi-
' pin basiléa nedenlerinden birisi, az gﬁg‘sarfetmelefi—

 dir. - | _ _: ‘ | . T S -
o Blllndlgl glbl asansorler yolcularl asagl veya
.yukarl dogru taslrlar. Dolay1s1yla bu 31stem1er gok guq
- harcarlar. darcanan gucun buyuk blr kismi asansor motor-
larinda, kalan k1sm1 da kontrol unltelerlnde harcanlr.
Bu tez1n ana hedefl mlkr01$1emc1 kullanarak kontrol anl—
'telerlndekl gug tasarrufunu azamlye glkarmak ve yolcula-
rin hl&met bekleme surelerlnl asgarlye indirmek, dolayi-

" s1yle- yukarl-asagl traflk hlZlnl yukseltmektlr.
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CHAPTER I,

DEFINITION OF THE GENERAL PROBLEM

. e . T S e Gt s S e S Ay S T G S S S Sy S S Gy G T e gty U S s o

I.1., The Characteristics of a_Duplex Lift System

A duplex:liftzgxstem is built with.two cabing which
co-operate in an optimum manner, 4gtomaticélly bo£h~cars
édépt to the'freqqeﬁtly‘chéngingvﬁraffic situations in . .
office buildings, hotels, hospitals; eetece The main goal
in a duplex 1ift system is to minimize the waiting time

of passengers and to save energy by.bﬁératihé.béth carsl

" optimally.

‘ ;H First, the cars should be allocated automatically

at the optimum waitiﬁg floors. The control system divides

upward and downward travel into variable zones. The
 CHYRIEBI | | .

arrangement of these. zones depends upon the bocations of

cabins, the directions of both cars, adapting to the given

- situation with every SCanning cycle of the control system.



Up and down 1and1ng calls are reglstered in a common :
storage and a551gned to the llfts 1n accordance w1th
the zones momentarely establlshed by the automatlc;

zone allocator. -

~ The ’flexibie service zone‘principle’ in afduplekt
1ift system is studied via Figs.I.le, I.2., and I.3..
In Fig.Il.1. the lift‘group is'at rest.;Neither car nor -’
' 1anding calls have been regietered. The positions of the
cars are the ones which are last served floors. The
automatlc zone allocator has establlshed zones . for
allocatlon of the landing calls in accordance w1th the

locations.of the two cars. . .

As an examnle, suppose, car B has been started
aownwards in response to an 1n-cab1n or a 1and1ng reouest
like in Fig.I.Z.»S;nce car B is now no longer available
for upward travel the automatic allocator extends thel
operating zone.cf car’A upﬁards to the landing call down

of the 6% sloor.

If4any of both 1ifts is being used for special uses,
el for furnlture transportatlon, and is thus dlsconnected
from the common external control by operatlon of a key

switch, the case is shown in’ Fig.TI. 3. The automatlc zone
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allocator takes into account of this situation by auto-

matically transferring the entire zone allocation to the

1ift B. The same fhing odéﬁfs as B is busy or a car is
full& loaded., Smkthe flexible service zone principle

provides optimum car service distriibution.

’

A duplek 1ift syStem has élsd_’collective’ éharacter.
As any car is going downwards it must collect all passengers

on its way to travel.

)
The‘major‘gdvantages of the microprocéséor based duplex

lift system are so called shért.wéiting times;'reliability;

and low Gost operationJ Short waiting times are performe® by

bringihg‘free cars to ideai waiting_positions'to,provide

the shortest approach times to-callSQ‘The feliability_comes

froﬁ thé microcompuﬁer cohtrolling. Thé cpgt of‘the s&stemA»

is greately reduced by using memories instead of some

logic gates. .
. ; |
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The scope of this thesis is to show that micro-
computers can be successfully employed in the control

of common elevator systems. .

The aim is to construct.and operate the control

of a duplex lift group that has five floors.

A1l 1ift signals are maintained in a logical
manner and sent to 1ift motors, doors,pdssengers, lift

operators, e.t.c. : : . : -

The control system receives and registers"lnéoﬁing
Signals? from landing call buttons; in-cabin'stop buttons
and door ligﬁt senso?sh(shgwn as dqshedrlines in Fié.
I.u).'Incoming Signals.ére genefated by pushing buttons,

- keying switchés ahd passing through in front of doors.

yInformation signals’ display the right informations
~ about the positions of cabins. The information signals

are drawn as dotted lines in Fig. Lol .-

The microcomputer gathers together all these
signals cited before an& decides what to do for the

1ift group.
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CHAPTER II.

BN

METHODOLOGY USED IN. THE DESIGN.

The pPcontrolled duplex 1lift system is designed
according to the specificaﬁions and underlying. goals
given in this section. These specifications are .

determined as stated below:

-The microcomputer system should ensure noiseless
‘operation..Thé meaning/of this statement is that the
duplex system should be insensitive to heat, coldness,

dust and moisture.

-Each car retains éhe selected directibn»of travel
until all car callszand alloéated landing calls in
that direction ha#é been_answefed;-When the last call
in one direction has been answered the next direction
of travel is reserved automatically. If, for eéample,
the car answers a down landing call at the end-of its
upward travel the/DOWN'direction is registered as the

next direction of travel. At the same time the DOWN



hall lantern illuminates.

Te:

2e

~The buttons and indicators should include:

Floor buttons, illuminating as call acceptance;
stop buttons; and alarm buttons.

Car position indicators above the enterance.

One *UP? and one sDOWN?® call button for each
intermediate<floor illuminating as call acceptance.
Two up or down direction arrows for each floor |

in . front of-eaéh‘cabih door.

)

-A load measurement circuit with a full-load

signal should prevént a fully loaded car from stopping

for landing calls,

. -Reservation control for disconnecting a 1ift

from the exgernal control during special uses, car

cleaning, e.t.c. should be provided.

The microprocessor control should provide all of

. N .
‘these specifications which have been mentioned.

Under this aspect the main system can be divided

into subparts as shown in Fig II,1.

Four types of signals ére sent to the CPU. gnd

- memory unit of the system. These signals come from

landing calls, floor indicators, in-cabin calls



and light sensors. The CPU handles these signals
logically, and then sends several signals to button

displays, 1lift motors, gnd doors.

The design procedure is started by describing

thewe suprarts, and then constructing a flow chart.

Among different choices, the simplest and
cheapest ones with minimum number of herdware
coﬁponents are chosen. Ehe emphasise o}’the system ’
is shifted to software for economy.

<

- LANDING CALL
BUTTONS

LIFT MOTORS

FLOOR INDICATORE

DOORS

g L“ R T A ~as
(}

_ , ===\l INFORMATIONS
LIGHT SEMSORS[™ Y| TO PASSENGERS

IN-CABIN. BUTTON KL

Fig. II,1 System Block Diagram
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CHAPTER III.

. SYSTEM; HARDWARE

' The blgck diagram of the‘sysﬁem;is shown in Fig,
III.1. The microdomputer system consist of:
1« One miéroprocessingbUnit_(CPU)
2. Two Read Only Memories (ROM)
-3;‘Th393 Parallelilnput/iOutput“Interface Circuits
(P, | | o

L4, One Address Decoder Circuit.

This block diagram re?resents all of the hardware

‘required for & fully operatiohal microcomputer system,

' The *Data Bus? is shared between all devices in the
system. The ?Control Bus"is shared by all devices which
get their fequired signals fromlthe bus. Different

‘cdmbinations of signals may be received from the ’Address

Bus? to define where each device is located.

The study will first begin with the I/0 devices:

in the following sections.v
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I1I. 1. Buttons andg Sw1tches

Buttons transmit signals to the CPU as they are
pressed. According to hardware characterlstlcs the

buttons can be studied in three types.

A, Push Buttons
These are Ih-Cabin StoP'ReQuest, Landing Call,

and Alarm Buttons.

'In-Cabin® buttons send requests to the CPU to move
the cabin towards the desired floor., When the CPU admits
the request the corresponding LED lights, the cabin- will
be locked end started towards the floor ‘whose button has

" been pressed.

’Landing Call’-buttons-signal to the‘CPU that some-
one.would like to'go to ahother floor from the one wHose
button has beeh pushed. The CPU chooses the most suitable
cabin, and starte it immediately tbwards the passengerQ
To indicate_that the pushed ianding call has been accepted
the.LED of the pushed Button wiil light. If not so, it

means both cars have been occupied by peeceding requests.

?Alarm Buttons? are pushed when any dangerous
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IiI. 1. Buttons and Sw1tches

Buttons transmit signals to the CPU as they are
pressed, According to hardware characteristics the

i L .
buttons can be studied in three types:

A, Push Buttons

These are Ih-Cabin Stop‘ReQuest, Landing Call,

and Alarm Buttons.

»In-Cabin’ buttons send requests to the CPU to move
the cabin towards the desired floor. When the CPU admits
the request the corresponding LED lights, the cabin will
be locked and started towards the floor 'whose button has

" been pressed.

iLanding Call? buttdnsrsignal to the CPU that some-
one would like to,gofto ahother floor from the one whose
button has beeh pushed. The CPU chooses the most suitable
cabin, and starts it immediately towards the passenger;
To indicate that. the pushed ianding call has been accepted
the LED of the pushed button will light. If not so, it-

means both cars have been occupiéd by pereceding requests,.

*Alarm Buttons’ are pushed when any dangerous

~
(O
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AN

conditionlqccurs. A red LED beginsvtb flash on and off:

to indicate the emergency.

ALl of these three types of push buttons are
{ ,

connected to bidirectional PIA dafa lines,.
The push buttons exPlaihed here are deéigned as

- shown in Fig. III, 2.

As therbufton is free ;here is some voltage on
the capacitorrijSOAthat'it/is enough té pull thé PIA
" data line to logic 1 level. The voltage at Node 2 is
3.4 Volts, the inverter output is low, and the LED is
turned off, If the button is pressed the voltage at
Node 1 drops to zero, theLED lights showing that .someone
wants a car.On the other hand the voltage at Node 2
drops to =1 V; temporarily, then rises to 3.4 V. This
negative going pulse feeds tq ﬁhe interrupt gate, caus-
ing the interrupt bit of the PIA is set. If any inter-
rupt is received tﬁe CPU scans all PLAcdata lines to
find out the pressed buttpn. The CPU checks‘whether the
request is acceptable or rot, Lf accéptable it changes
the corresponding PIA'liné t0'6utput;’so the LED remains

lighted.

Since the volmage on the capacitor C& hhé been

charged to 3.4 V'multiple presses do not create interrupt

(N
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Fig.I1l.2 The Circuit Diagram of Landing Calls,
In-Cabin Stop Request, and Alarm Buttons.

PUSH: . : ;
BUTTON: [~ | : (R

@@myf e _ N1 . DATA TO

> DATA LINE
A ¢

]
I

‘cC

- R2

Vi : :
|l N2| INTERRUPT TO
< D—“"Q 1 INTERRUPT GATE
LED Ry LED

DRIVER Lj R3

o




pulses any longer, The interrupt pulse 1s|generated if
and only if the dlrectlon of the data llne is programmed

as input,
B. Alarm Clear Button

* The ?Alarm Clear’ buttoﬁ is located in\thé/pperator’s'
~ room to’clear the alarm after the emergency has been over-
>come. The cirguit,diagramtis shown in Fig, I11.3. As ﬁushed;
"the voltage at Ndde.a drops to nearly sero Volt, then rises
to logic 1 level, Th%s negative going pulse sets the inter-

- rupt bit in the éontroi register of the PIA,
C. Special Transportation & Stop Switches

They have two states. When the routine is finished
they should be turned off, These types of swhtches send
interrupt pulées not only as turned on but also as turned

off. The circuit diagram is showﬁ in Fig. II1,.4,
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DRIVER c3 == [

Fig. IIL.4 The Special Transportation and Start/Stop Switch.



' Light sensors

of both lifﬁs;‘They

entering or exiting

is connected to the

indicate the number

To detectvthe

" each door are built

 Fig. IIL.5.

17

are mounted in front of cabin doors

are used for counting the passengers

\fhe cabins. A seven segment display

outputs of each light sensor to

of passengers within any cabin.

direction of motion{two sensors for

up. The block diagram is drawnvin

A|O/S L
) MULT, [E5

, PECOD
== DRIVER——V

\MIPhoto
“|Sensoxf
(0UT)

0/8 i
o MULT., [

> N

™

Fig. III.S The Block Diagram of the Light Sensor.
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A 1ight beam produced by a light source is split
end directed towards tw0'photo§ransistors. If the inci-
dent beam path is broken due.to such as a person pass-
ing through, a signal is produced. This is fed to the
trigger input of the one-shot multivibrator to get the
‘count pulse. The counter counts up or down by one depend-

ing on the direction of motion.

The c1rcu1t diagram of the llght sensor is shown
in Fig. 111.6, When the beam falls on the phototransistor
the collector to emitter resistance decreases to a few
hundred ohms, If the beam path is broken the collector
to emitten resistance increases to several megohnms, causlng
relatively hlgh p051t1ve voltage at the input of inverter
M1. The steep edge of the rapidly falling output is
differantiated’by Ci1, R2, and R3 to produce a sharp pulse,
This pulse is then'inverted by the inverter N}:and applied
to the count—up 1nput of the counter, The pulse is also

used to hold the other one-shot at reset for awhlle not

to generate a down count pulse.

Bach successive breaking of the beam causes the

counter to count up by one.

The down counting part of the circuit operates

like the previous. one.
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51



20

The BCD outputs of the Up/Down counter are
connected to a driver&decoder circuit to drive a
. seven segment Hisplay, individuals thus are aware

of the number of passengers in cabins,.

The outputs of both light sensors are fed to PIA
data lines and ihterrupt gate; As the control program
is'executed the interrupt pulses can be sent to the CPU,
If the CPU is appropriate to handle the—cdﬁht interrﬁp@
it jumps to scan the light sensor outputs, finds out
the direction of motioﬁ, and finaily increments -or
decrements- by ome the‘number of passengers stored in

the RAM.

The transportation capacity of each cabin is sup-~
posed to be six in this thesis; although it can be easily

changed by changing the software.
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The duplex 1lift simulator has been constructed to
see the movement of the cabins in laboratory, since this
thesis doesn’t include the interface circuitry between

the control paft and a real lift'group.

. The 1ift simulator is designed with shift registers
and their.outputs are connected to/LEDg. A "1"may be
shifted up or dowh, or stopped toireplace the 1ift’s
métion. The simulaﬁor also contains "Lock/Unlock Door",
"Door Open/Closed", and‘"Oveiloaded" signals. Here only
the duplex lift simulator part is explained, while the

others will be studied in the softwgre sections,

Fig. III.7 The Block Diagram of the LifttSimulator.

A : B
FLOORS
. FLOORL | .
~ FIOOR3
7 !
FLOOR2
CPU. » -
FLOOR1 | Y
= START/STOP &
. UP/TOWN. SIGNALS
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-

The block diagram of the 1ift simulator is shown

in Fig. 111,93, and the circuit éiagfam in Fig. III1.8.

The CPU loads the 1ift simulator at restart. The
directions of the cabins should, be set to UP poéibiony
before loading., All thé inputs\bf'shift registers ére
set to zero except the first input; the MODE CONTROL.
inpuf is pulled up§ aﬁd then fhe LOAD pulse is applied
to the CLKE'ipputs of all shift‘rggisters. Thus all zeéos

and a """ at the inputs are loaded to the outputs;

‘An astable multivibrator. has been'designéd to

geherate shift clock pulseé(

If the CPU sets the UP output to high the shift
right clock pulses are énabled and the "1" simulating
the cabin begins to shift right. The same thing appears

as the DOWN signal is applied.
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Fig. III.8 The Circuit Diagram of the Lift Simulator. |
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IIL.4 The CPU_& Memory Unmit-

The CPU aﬁd memory part Qf the 1ift control system
is constructed with:vMicroprdcéssing Unit, Read Only
Memories, Peripheral Interface Adapters, and Addres
’”Decodeg.circuits. Fig. III.1 shows the block diagram
of the midrocomputer systém. The detailed I/0 configup— .

ation is redrawn in Fig. III.9.

MC 6802 is the heart of the system. It is a mono-
llithic 8-bit microprocéssor performing the centraicoﬁﬁrol
function for tpe system. The MPUwéan-exécute 72 different
'instruétions including arithmetic, logical, shift, rotate,
‘load, store, conditional or-unconditiongl branch, jump,
intérrupt, ahd stack manipulation instructions.

S WYY e e
RS G ORI TS R FANE S ¥ 0

- The MC 6602 has seven addressing modes that can be
used by the programmer, with the addressing mode a function
. of both the type'of.the instruction and the ching within

the instructionse.

J N T T . :
i i FRS . . j

A RAM of 128-bytes and a clock generator is also -

present in the MC 6802.



PIAj | -

C3 Car Stop Sw. T Vgg CAI B C3 Car Stop={V__ cCA1h
c : sw.  =|PA. - IRQ — -
Fi-o Flooy Ing, PAD IRQ, %-—gaﬁsmplsgi §A1 3
Lock/Unlock A c|PA, RSOPH U Sock bl pa2 RSO B
w0 0 3 yLock/Unlock AIZ| PAS RSO B5
or pen/Closed~:PA4 RS1 = Door Open/Close PA?+ RS113
(O] Gar Stop Sw. opAS EES [ C) Car Stop_ | PA3 KESE
-1 Floor Ind. :l;ﬁ6 8(1) = FI-1 Floor Ind— PA6 Do HF
Jown Count A SPi7 Dl 5 Down Cownt A4 TPa, D
. » PB? D3 ;l Up Count A = Pgo D2
Start/Stop A. = - Start/Stop A —{£B;, D3 P
— 1
Overloaded A, Ciia Dy :' Ov.erloa‘deg A CPBZ Dy
2ot e B b pgmSte sty PC
Cl Car Stop Sw. oEBY o, P Cy Bar Step IRt Dy
FI-L Floor Ind. _r_‘_PB6 _ B — FI-4 Floor Ind— PBg B By
INT C4,C5,8a,Cnt. CIPB,. P 1nrey,cs,cnt. ©|PR, €31
UP/DOWN A cice{ 81 & Up/motN A c|cB! és2h
o —|CB2 cSo & —|CB2 CSO
Ve BV P =Vec B¥p
- PIA3
~ EVgg  CAT[INT U,,D;
D5 Down Request :LPAO CA2 [PINT Sp.Use
D4 Down Requesgt a:PA1 .IRQ_L" §
U4 Up Request ‘_':PA2 ‘IRQ‘t;:l
D3 Down Request =PPAS RSO =
U3 Up Request I:PAL+ " Rs1 [ \
D2 Down Request CPAg RES v
U2 Up Request Cpa°, 0 [
U1 Up Request ZpA,° DI =
Load SH.Reg. B ::PBO D2 D
‘Load Sh.Reg. A T/PB, D3 =
| Clear Counter B PB2 by p
- = PB; - D5 -
Special Uses Sw. —|PB’ Db F ‘
Marm for B C|PB! D7 O - . L
Alarm for A =|pp. ® O Fig., I11.9 I/0 Lines of PIAs.
“INT AA,AB = PB? cs1 - |
INT AC = cB1 CS2 |
=|BB2 CSO [ -
Vo RS

ROGATLCH LN EROITES) KUtz e



26

~The PIA I/0 lines can be divided into three types

according to their directions:

A, Inputs:
1« Floor IndicatorS"rhey stay for indicating where
the 11fts are; namely F.I.1, F.I.2, F,1,3, F,I.4, and F.I. 5.
2e Door Open/Closed- Inputs. They show the doors of .
the cabins are closed or not,. The 1ift won’t start if its
'door is open. | |
- L3, Start/Stop Signals: Lhey come from the Start/stop
swiuches mounted in the cabins to stop the 1lift for some
purposes. o |
4, Passenger Count Sigpals:They are sent via light
sensors to count thefpassengers in cabinsf,These signals
are only enabled when the doors are Qpen; The CPUicounté
up or down by oné depending on the‘direC£ion of motion

g

of passengers.

5. Interrupt Inputs:Interrupt signals are created
by pushing the request buttons. The interruptsignals are

sent to PIAs using CA1 and CBliinputs,.

B.Outputs:
1. Lock/Unlock Doors: As the CPU: decides the door

of a cabin shall be locked it sends'arzero to lock. A

~lock relay can be commanded using this signal.,

P . B R TR S T SO
STTEAT Univeroiost s nids
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2. Overloaded A/B: They indicate tﬁe bearing eapecity
of a eabiniie:ekceedédchndnot; Oﬁ}y six passengers are
allowed to travel; -otherwise the 1ift ignores all requests
and doesn’t start. - -
| 3 Start/StoP A/B: They are used to start or stop the
lifts. If the CPU sets the llne to "', the correspending
1ift beglns to move 1n'the 1ntended direction.

. Up/Down A/B: These outputs are connected to the
ehift right/left inputs of the 1lift simulator. B

5. Clear Counters: The CPUeclears the passenger counters
" at restart by sending a pulse to CLEAR inputs of the counters.
| 6. Load Shift Registers: These outputs send pulses-to-

~load the 1lift simulator at the initialization.

'S

C. Bidirectional Data Lines:

AL In—Cabin‘Buttons:.They are mounted in each cabin
'signailing.which floor one would like to reach. The in-cabin
. buttons are named as Cj; c2, C3, C4, and C5. These are
progfammed-as inpuﬁs.at tﬁe initialization., When pressed,
‘they send both informations to data lines and interrupts to
interrupt gatee; If the request is}accepiable'the MPU
changes the direction of the line to output. The direction
is reverted back to input after the request has been sreved.

2e Landlng Calls:They are located in front of cabln

doors to indicate a passenger demands a 1ift. Ls ndlng call

~



‘buttons are named as u1, U2, U3, Uk, and‘DS; D4, DB; Da,

3. Alarm A/B Buttons: As pushed the CPU' changes the

direction of the data line to output and 1ig"hts» the ALARM
'llamp. _ ' o | |
U Speéial Use Switch: This switch is turned on to

‘reserve the lift A for some speciai uses.

28
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Decoder and the' Address Map
| Decoding addresses is done by using a 3 to 8 decoder.
The inputs of the address decocer are Mgy Ay and A, .

Here A.. is the MSB, and A

15 11

is the LSB, The pinouts of the
decoder is drawn in Fg. 111,10, |

There exist three PIAs and two EPROMs to be addressed.

The locations are chosen as: R
PIA1: 80 00 - 80 03
PIA2: 80 O - 80 07

PIA3: 80 08 80 0B

ROM1: FO 00 - F7 FF

ROM2: F8 00 - FF FF

The EPROM decoding is achieved using only #/Prog pins.
h The Output Enable(8J pins are grounded. |
'The RAM in the chip is continuously enabled by

connectingrthe RE input to V ..

The address map is drawn in Table III.1.
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- . . v
A11 -C| A Vcc*""vcc
My OB 9P
Ao Sc o P
oo OE, o' @
‘_i_——{_._:E 2 5 |
WMA>———CE, §8 B———— 10 833 of ALL PlAs
TO B/ Prog of <~ ! | ,
TPRoz ;J:f————~—c:§gd 2 70 ®'Prog of ERROMIZ;
B - 7LLS138
Fig. 111,10 The Address Decoder.
} A . - Ao
— 80 00 1080 0000 0000 0000 {%3 50
80 03 1000 0000 0000 0011 | \BF £83
prap | 80 Ok 1000 0000 0000 0100 | [75°¢%0
- 80 07 1000 0000 0000 0111 | {2 $53
PIA3 80 08 1000 0000 0000 1000 ccCSO
o 80 OB 1000 0000 0000 1011 | A3 CS1
~ QL CS2
__ {Q6 E
— TO 00 1111 0000 0000 0000 | \Gndd
 F7 FF 1411 0V11 U1 1111 | oo g
V 500 1177 1000 0000 0000 {
EPROM2 FF FF 1111 1111 111 11 | GndE

Table III.1 The Address Map.
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 CHAPTER IV.

~ SYSTEM SOFTWARE.

-

The program of the Duplex Lift Control System

includes -

Routine;

two parts : Main Program and Interrupt Service

In this chapter the two'pérts of the program

will be described completely.

- When: the system is turned on the prodessor begins

~to execute the Main Program whose flow chart is shown

in Fig, IV,1. The routine can be divided into seven

parts as

1e

2e

3.

e
5.
6.

o,

statéd‘below;\ |

Restart and Initialization.

Bringing Cérs to Optimum Waiting Floors.
Mlowing Interrupts for Service Requests.
Scanning.:

Starting Apprbpriéte Lifts to_SSrve Requests,
Teéting the Reached Floor. N )

Clearing the Requests Which Have Been Served.

R



(o )

Inltlallze
PIAs

ring Cars CN
to Opt.Flrs, : '

Set Lift A
> - ' </ '
{Allow Ints.
for Regs,

Change Int |Decide AorB
ended Dlr-

, Lock&Start,l
I} o
QeachedFloo%
)

N. /R/\
__.____.%2 erd >

N ﬁno N
- eq
v J’ :
Set BorA 1STOP CAR

I

N
L

» A

[Unlock Dooni
Wait fori5s

7

ClearServed
Regs’

Iy

A

Fig. IV.1 The Flow Chart of the Whole Program.
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All of these sub parts will be studied in subsequent
sections. The algorithm of the program has been constructed
for five-floored duplex systems; however it could be
easily expanded for higher‘floored'systems.

|

i

IV,1 Restart and Initialization

~When the system is turned on the MPU clears and

- saves enough memory area in the 128 byte RAM for stack
-reoulrements and. temporary data’ storage. The PIAs are
initialized, the 1ift 51mu1ator is 1oaded, the passenger

‘counters are cleared. - . B B -

The optimum Waitiﬁg positions are determined as the
15% floor for the 1ift A, and the 4" floor for B.
The flow chart for‘bringingfcars to these floors is ,
drawn in Fig. IV 2e As seen, the MPU should execute
some subroutines llsted below:
Te Ready to Start A/B Subroutine
2. Lock Door,Subroutine
- 3, Unlock Door Subroutine.
Since they will be used frequently in later routines it

would be useful to explain them briefly.
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&
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Fig. IV,2 Bringing Cars to Optimum Waiting Po‘sitions.
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1. Ready to start A/B subroutine:
When the MPU eiecutes the éubroutiné it decides.
. either the 1ift is ready to start or not. It checks
some data such as: | - : |
~-Is hhe.dqor closed or not?
-Does the overloading";ondition exist or not?
. -Is tﬁe.inécabinYSTOP switch turned on or not?

~-Has the ALARM button béen'pressed-or not??

The corresponding 1lift is ready to start if all
" of these checks have been passed. The flow chart of

Ready to Start subroutine is shown in Fig. IV,.3,

2. Lock Door Subroﬁtine:

_The CPU should 1ock the cofrespdnding door to
start the cabin. The subroutine coﬁtains a half second
delay to permit the lock relay to close. This delay is
divided into ‘five parts and executed one by one because
the CPU must be aware of the other 1ift, while the lock

relay delay is executed.

The processor again controls the door to be sure

that it is closed and locked at the end of the delay.

The flow chart of Lock Door Subroutine is shown

in Figo IVO"!‘.
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3+ Unlock Door Subroutine:

This subroutine is called when the car has reached
the floor where iit will stop. Again: the subroutine
contains three kinds of delays: Motor Stop Delay (1 sec),

Unlock Relay Delay (1 sec), and waiting (10secs).

The flow chart of:Unigck Door Subroutine is drawn

in Fig,., 1V,5,

IV.3 Allowing Interrupts_for Service Reguests

The CPU clears the interrupt mask bit to allow
interrupts before sdanning; Ail request lines have been '
- programmed as inpuﬁs at the initialization. If any button
'1s pusheeé an interrupt pulse is genergted to the CPU and
the correspondiné data line falls to zero. The CPU jumps

to the "Interrupt Service Routine" shown in Fig. IV.6.

The interrupt service routine begins to scan all PIA
data lines to catch the low line. It reverts the direction
" of the low line to output to indicate that the request has

been accepted.

If the interrupt pulse comes from the count inputs,
it increases or decreases the number of passenéers in the
1ift, compares it with six, and decides whether overload-

ing condition exists or not.

B et



Motor Stop
Delay. 1sec.

Set Off L/U]
Signal

\]y —

{Unlock-Relay

‘1secCe.

T

Wait 10secs

Y

Fig. IV.5 The Unlock Door Subroutine.
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The 1argest partmof the maiﬁ prdgram és the BScanning"
‘routine. The CPU scans all the inputs and decides which
1ift Wi;l serve for which request. The routine first finds
out the conditionsﬂof cars. Thejdars'may be either unlocked
or locked, or moving. The prbceéédp jumps to the Scanning

routine if the car is at rest without locking or unlocking.

The flow chart of the Scanning routine is shown in

F\igo IVQ?.

Befbre énﬁering the routine the' CPU first records
the states of the two lifts. These recorded data include
ﬁhe locations 6f both cars, the pfedetermined directions,
the number of passengers in each cabins, and the remaiﬁder
delays of the lock or unlock relay. The stored data

“provides the ease of testing conditions frequently.

N

The priority is given to the In-Cabin calls
rather than the Landing calls. The scanning routine.
. eliminates the requests which are at the opposite direc-
tion and the service is only giVen t6 thoée which - are in

the intended direction,

The requesi# which belong to the floor where the
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Fig. IV.7 Scanning ,<'START '4>-
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cabin is shall be ignored.

If the specialﬁtraﬁsportation'key‘is turned on the
1ift A won’t respond the landing calls. If so all the.
. won’ 1€

landing calls are;performed:by one lift.

Both 1lifts wait for new requests at thé last served

. floors.

Lhe flow chart.of "Recordlng States" subroutine is

| shown in Fig. IV, 8.
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Starting the apprppriate car also reguires some
checks. The CPU jumps;to fhef“Reedj to Start" subroutine
which haspbeen/explainedMeariier. If all the checks are
‘passea‘thé cPU.locks'thefaoor;‘end pulls the CA2 output
to up to start the 1ift. The 1ift begins to move up or

down depending on the predetermined direction.

The "Start Lift! routine is drawn im Fig. IV.9.

IV.6 Reached Floor Routlne

| THeM“ReaChed’Flocr“ rdutiﬁé is executed to find out

where the car which has been started is. The routine is
entered at every scanning cycle; The CPU decides whether
the llft will be stopped or not when any floor has been
reached. Flrst it checks 1f the 1and1ng call or 1n—cab1n
call of the reached floor has been pressed or not If one
of both ex1sts and the number of passengers is less than

51x the CPU. sends the STOP pulse to the 1lift via CA2 out-

put. If there is no request or the 1ift is fully loaded,

it continues. Since the control system has "collectlve"
charecter the 1ifts collect waiting passengers on their

~
N

directions.
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Routine

A

y

j/D SCANNIN

p=r

—
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SET LIFT A| ) |SET LIFT B

3>
N

STOP CAR

4 4

UNLOCK

4

| DELAY

4

GO TO SCAN

Fig. IV.10 Reached Floor Routine.
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The flow chart of Reached Floor routine is shown

- in Fig. IV.10.

A

- The served requests shoﬁld Bé‘cleared to ?repare
‘the buttons for new requests. The CPU. clears the in-cabin
requests’which_belong to the reached floors without taking
into account of the predetérmined difectionéQ The landing
calls which are matched with khe directions/of the lifts
‘aré also cleared., Clearing actually means cﬁanging the |
data output lineé to inpﬁts;.phué;the corresponding LEDs
are turned off. Now the buttons whichlbelong to the‘cleared
'PIA lines are ready tobréceiveZSucceésive presses;v
(Fig. IV.11). |

|

i




Fig. IV.11 Clearing the Served Requests .
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CHAPTER V,
RESULTS AND CONCLUSIONS.

Vo1 Results

S0 far a mlcroprocessor controlled duplex 1ift
system has been designed and bullt.. v

wlth the start of the design 1mplementat10n many
_ unforseen problems ‘arose. %he supply problem has been
seen very 1mportant to feed the microprocessing unit;
although it is less pronounced for TTL dev1ces. The supply
problen has been held w1th attention since the system 1is
considerably large. Vv

‘c¢C
by using bypass capacitors near to the CPU,

supply voltage has been refined

Choosing capacitor and resistor values are important

o |
to send the interrupt pulses and the data without debouncing.

Al therTTL devices concerned with the CPU hane been

cnosen as LS TTL ones in order mnot to overload the pP bus,

Two independent:cloek pulse generators have been
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constructed since the two 1lift simulators operate

independently. | ;
|

In this de31gn three PIAs have been used completely

for 1/0 requlrements between perlpherals and the CPU.

26 buttons and switches have been used for various

~purposes; so- a lot of capacitors and resistors have been

required to prevent debouncing prbblem;

~ The data from the light sensors have been flrst
taken directly from the counter outputs to PIA data
lines; but afterwards it has been seen advantageous
“to count vianinterrupt pulses to save 1/0 lines.

t
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ASeveral variations in the design afe‘possible. Only

,‘some'of them will be mentioned here.

In this theéis the duplex system has been designed
- for only five floors. It would be»possible to build up

" a control system for six;‘seﬁen; or higher floors; just '
addlng some \par"tS into the software. Enlarging thé system

" is straightforward.

| The maximum number of passengers that atlift can
. bear has been chosen as siXx; although the program is

flexible for changing thié number,

' - . Another variation could be the method of counting
,_passengers,VOne may cancel the light sensors and install
Tweightisensors instead, Actually preSent lift systems
-use'fhis method.The‘disadvantage of counting people via
light sensors is that the CPU may not detectitwo indivi-

" duals who are'passing through side by side. In this
case the-édunter.would count wrong. However counting
via light sensors is seen déceivipg in some conditions, =
it is fairly accepﬁable because‘tne bearing capacit&

of a 1ift is held in big margins.
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In this study the safety requirements have been.
also considered. The meaning of thié statement is that
what would happen to thé system if any component of the
central control unitvhgd unfortunately burnt? If any
such unexpected accident about the CPU chip or PIAs
occurs, the control system would fail. The worst case
is that thé two 1ifts would contiﬁue their ways without
stopping at any floor until they would reach the first
or the last floors. The safety System automatically
stops the lifts at these floors by ANDing the CPU’s

'Stért/Stop output'and»thé floor indicatorsbelonging
- those floors. The other method of stopping the cars
is torturn on the'In—Cabin'Stop'switches mounted in

each cabin{;

The power—down conditlon has not been considered
‘in this study. One may expand the study writing an
adequate nonrmaskable interrupt program into the

software; and adding a'¢ontinuous supply.

lhe most 1mportant result of this thesis is the

‘potentlal for further studles.
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MC6821
(1.0 MHz)

MC68A21
(1.5 MHz)"

. MC68B21
! (2.0 MHz)

PERIPHERAL INTERFACE ADAPTER (PIA)

The MC6821 Peripheral lnterface Adapter provrdes the .universal

means of interfacing peripheral equipment to the M6800 family_of
microprocessors. This device is capable of interfacing the MPU to

peripherals through two 8-bit bidirectional ‘peripheral data buses and

“four.control lines. No external logic is requrred for mterfacmg to most .

peripheral devices.
The functional configuration of the PIA is programmed by the MPU

during system initialization. Each of the peripheral data lines can be pro-

grammed to act as an input or output, and each of the four con-
trol/interrupt lines may be programmed for one of several control

modes. This allows a high degree of flexrblhty in the overall operatlon of .

the interface.

'@ 3.Bit: Bxdnrecuorxal Data Bus for Commumcatlon wnth the
MPU

© Two Bidirectional 8-Bit Buses for interface to Perlpherals
® Two Programmable Contro! Registers :
® Two Programmable Data Direction Registers
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"Usable as Peripherat Control Outputs
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...Operation
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0 ‘Program Controlled Interrupt and interrupt Dlsable Capablhty
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©MOTOROLAINC., 1981 . .. DSg¥
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POWER CONSIDERATIONS

-.The average. chrp-;unctlon temperature T Ji in °C can be obtamed from

o TJ TA+lPD°0JA) e :
LU IWhere: e sl e 0

; TAaAmbrent Temperature °C

I T ]

_ BJAE Package Thermal Resrstance Junctron to—Amblent °C/W

. PD=PINT+PPORT ‘
PINT=lcC x Vce, Watts — Chlp Internal Power
-."PPORT=Port Power Dlssrpatron, Watts - User Determmed

. -

)

For moet applrcattons Ppom‘< PINT and can be neglected Ppom' may become srgnmcant |f the devrce is conflgured 10

drive Darlington bases of sink LED loads. |
An approxxmate relationship between Pp and Ty lrf Ppom’ is neglected) is:.
___pPp= K+(Ty+273°C) = - o SR e
Solvmg equations 1 and 2 for K’ gives: ; R L PR
“K=Pps(TA+273°C) + 6 JAPD2

R oy “':,-.‘ et el

Where K is'a constant pertaining to the partlcular part. K can be determined from equation 3 by measurlng PD lat equ|l|br|um)
" - foraknown TA. Using this value of K-the values of PDand TJ can'be obtained by solvrng equations {1} and (2) iteratively for any

ST

value of TA. ' j

il

DC ELECTRICAL CHARACTEFlI§TICS (VeC=5.0 Vdc 5%, Vss=0, TA=TL to TH unless otherwiss noted).

| . l Characteristic : ] Symbol I Min_ | Typ | -Max .| Unit
BUS CONTROL INPUTS (R/W, Enable, RESET, RS0, RS1, €S0, CS1,CS2) . % 1 "k 7 Sl e
I Input High Voltage © ;- : . : - VIH V53+2 O - vVee -] =V
Input.Low Voltage oy A Vit . /{Vss-03.| - |Vss+08]. V.
Input Leakage Current (Vi =0 to 5.25 VI : lin - 10:1.° 256 Y-
Capacitance.{Vin =0, Tao=25°C, f=1.0 MH2) TCpn e =i = 250 1 pF
“INTERRUPT-OUTPUTS (iIRQA, 1RGB) . . .. ... ! S t S ROt
Output Low Voltage (I gad =3.2 mA) VoL - - | Vss+0.4] .-V
Three-State Output Leakage Current : loz - 1.0 -0 pA
Capacitance (Vin=0, TA'=25°C, f—l 0 MHzl . Cout - - 5.0 .~ PF
DATA BUS (D0-D7) i L S it e o ' .
Input_High Voltage B R VIH ..|Vss+20 | - Vee \
Input Low Voltage e o ViL Vgs-03| - |{Vgs+08{ V
Three-State Input Leakage Current le-O 41t024V) iz - 20 1000 gAY
Output High Voltage {l| gad = 205 pAl }. VoH |Vss+24| -7 = N
Output Low Valtage (i pad= 1.6 mA) C RN - Vou =" = Vss+0.4 |-V
Capacitance (Vin =0, TA=25°C, f=1.0 MH2) ; | R ~Cin R ~125- |- pF- .
PERIPHERAL BUS (PA0-PA7, PB0-PB7, CA1, CA2, CB1, CB2) B e -
Input Leakage Current R/W, RESET RSO, RSl CSO csi, C82 CA1, I : _ 0 28 .0 1A
Vi5=0t05.25Y) - _CB1,Enable | . "™ RONS P RREErasty Mo
Three-State Input Leakage Current (V.n—O 4102 4V) ‘”_‘j PB_Q—PB7, CB2 | hz' - 2.0 10, pA
Input High Current (ViH=2.4 V) PAO-PA7, CA2 IIH ~200 | =400 | = pA
Darlington Drive Current (Vo =1.5V) PBO-PB7,CB2| IoH ~1.0" o -10.. |..mA
Input Low Current (V)| =0.4 V)~ fﬂPAO—PA?, CA2: L, - -13]. . =24 mA -
Qutput High Voltage o : o ; N
(lLoad= ~ 200 xA) R, Lo PAO-PA7 PBO—PB7 CA2,CB2{ VQH |Vss+24| - ) - A
{lLoad= — 104A} ';' P l . PAO-PA7,CA2| ' |Vee-10| - - :
Output.Low Volitage (| gad=3:2-mA) o R e VoL . - — [Vss+04] =V
Capacitance {Vin =0, TA=25°C, f=1.0 MHz} * ! Cin - - 10 pF
POWER REQUIREMENTS - . - i
Internal Power Dissipation (Measured at Ta = T() I PINT l = | — -850. | mwW

B

e

2
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1sus TlMING CHARACTERISTICS (See Notes 1 and 2)

Notes:

At

1. Voltage levels shown are V| 0.4 V, VH=2.4 V, unless otherwise specified.
2. Measurement poinis shown are 0.8 V and 2.0 V, unless otherwise specified.

[

41 Ident. . } . . —
C ' Choctarstc | symbor |MCOR21 | WeesA21 [ wosmezt [ o]t :
Nun:ber .C. - S , ‘ - ymbol Min | Max | Min :JMax [Min [Max Unit_f . j
L [CycleTime N “teye |10 | 10 | 067 [ 107705 | 10 | s ?
2~ | PulseWidth, E Low . PWgL [430 | = 1280 | = (210 | = ns.
- 3777| Pulse Width,"E ‘High PWEH |450 | — 1280 | = |220 | — ns 1 1
4" Clock, Rise and Fall Time" "~ . tf - 260 = ] 25 ) - .20 ns » :
£ 9 % ] Addréss Hold Time . StAH: 10 _'_b 10 _ 10 '_ ns- - :
137 '| "Address Setup . Time Before E : i .tas .80 — 160 Fb=rla-T= ns ”
-14 % | Chip Seléct Setup Time Before E . B T i tcs 80 - 60 T - 40 ‘ - ‘- ns .
157" .| Chip Select Hold Time - =" P S tcH 10 — 10 _ 10 - - ns |
18 ~;Flead Data Hold Time.~ =~ 7 ' E 1DHR 20 .| 50°; 20: 50°1.20 50| ns. - )
21 Write Data-Hold Time - tDHW [ 10| — 10 - 10 - msr | i
30 .7} :Output Data Delay Time tDDR - ; 00| = 186 — 150 ‘ns .‘l‘
31 Input Data-Setup Time tbsw 1166 [ — 1 8 1. = 160 | = ns |
'Tne\databus_o:ut"p'ur buffers are no.longer so‘urclng or sinkinggcu&ém b\‘“DH'R')'h‘aX ll—lig(h' Impedance). - W Coe s |
: ) : B : s . ' i
o i ’ i |
' » R |
- Lo FlGURE1 = BUS TIMING S - ]
< fi\ e ; : l
E | X ~ 'Z x
_ amONN <@ |
| RIW, Address AAANAN XA X5
Normurea) | KXXXURXX 2 A |
. . s HG—> @ ;
— <~ ® | |
CS. / - : Co |
f e - ‘ . T e - B ' |
] <€ - {18, - '(-—— L ' <>
Read Data - MPU Read Data Non-Muxed ' v — : '
Non-Muxed 3 N
Write Data == . MPU Write Data Non-Muxed Y, - 7 v C
Non-Muxed 4 Z_

, MOTOBOLA Semiconductor Products Inc.
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PERIPHERAL TIMING CHARACTERISTICS (Vcc 5 0 V is% Vss 0 V TA TLto TH unless otherwnse specmedI

coT Charactenstlc L Symbol ‘MMC6821 MCE8AZ1 | MCEsB21 Unit Referenge
) P . in { Max | Min | Max | Min | Max Fig. No.
Data Setup Time': . - T R L tpps | 200 | — | 135 ] - | 100 = |[ns| 6
Data Hold Time - N “|woH { O | = | O - |0 | — (nsj ' 6
Delay Time, Enable Neganve Transmon to CA2 Negative Transmon tcA2 - | 10| — |0670] —~ |0500 | us |- 3.7.8
Delay Time, Enable Negative Transition to CA2 Positive Transition = | TRst - 1.0 | — ]0.670] —~]0.500 | us 3,7

. Rise and Fall Times for CA1 and CAZ2 Input Signals S B P ( - J1oy =110} =110 |pus| '8
Delay Time from CA1 Active Transition to CA2 Positive Trarisition”." |- trg2 - 2.0 = P13 = |10 fns | 3.8
Delay Time, Enable Negative Transition to Data Valid . - ] tepw - 1.0} - |0670] — ] 05 | pus | 3,910
De;aXIO-TFR(; I(E:rrzble N_egam:e Transition t? CMOS Dmata Vahdy - temos | - |20 - {138~ 110 | ws :4'; 9-

" Delay Time, Enable Positive Transition to CB2 Negatlve Transmon - tcB2 - 1.0 - |o.670f — 0.5 |us:| 3,:11,12
Delay Time, Data Valid to CB2 Negative Transition .. ! | ‘pe 20 - 20 - 2 )= ns | 3,10
Delay Time, Enable Positive Transition to CB2 Positive Transmon tRs1. | — 10| — |0670| — 05 | pus] 3N
Control Output Pulse Width, CA2/CB2 ) PWeT | 5001 - | 376 — | 280 — ns n
Rise and Fall Time for CB1 and CB2 Input Signals Ut - 1.0 - 1.0.] - 10| n 12
Delay Time, CB1 Active Transition to CB2 Positive Transition RS2 - 20 - 11364 - 1.0 | ps 3.12
Interrupt Release Time, IRQA and IRQB . YR —~ |160] - }110|] — | 085 | us| 5 14
Interrupt Response Time ool tRe3- ) —u )10} -1 10} -} 10 | s 5,13
interrupt Input Pulse Time . PW, 800 | - 8500 (| - 500 - ns 13
RESET Low Time* o i ! tgr 110 ~ Joesl — |oB| — | s 15

*The RESET line.must be high a minimum of 1.0 us before addressing the PIA. == = =} [, - oo e

T S g FIGURE:; ' TTL ECUIVALEI\IT S
- FIGURE 2 —.BUS TIMING TEST LOADS ) T } ' 7 TEST LOAD )
(D007 50V. K 7. (PA0-PA7, PBO-PBY, CA2, caz)
RL=24Kk0 o, o ST ek
" Test point * MMDBIS0" RL=1.25 Sk
o : CorEquiv. - LT i LT e
P S - © i Test Point +~MMD6150"
c e x PR Rt or Equiv.
130 pF MMD7000 . ! ~
et or Equiv. ¢
: : N ‘ MMD7000
( = . = . - i or Equnv

C=30 pF, R=12k

\

FIGURE 4 — CMOS EQUIVALENT
TEST LOAD

 (PAC-PA7, CA2)

Test Point O—j.
30 pF

'II-f—)

4
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* FIGURE 6 — NMOS EQUIVALENT =~

TEST LOAD
(IRQ Onlv)
5.0V
N 3kQ

Test Point

'FIGURE 7 — CA2 DELAY TIME

FIGURE 6 — PERIPHERAL DATA SETUP AND HOLD TIMES .
(Read Mode; CRA-5=CRA3=1, CRA-4=0)

(Read Mods)

PAQ-PA7 ] . - Enable
PBO:PB7 ) L o

- tcAz

» jt—
3 ' .F”——PWCT'—“’
N caz

Enable

* Assumes part was deselected during
the previous E pulse.

FIGURE 8 — CA2 DELAY TIME

.. FIGURE § — PERIPHERAL CMOS DATA DELAY TIMES

{Read Mode; CRA-5=1, CRA-3=CRA-4=0) '~ > 17 7 '~ " (Write Mode; CRA-5=CRA-3=1, CRA-4=0)
Enable N U -I“ N -. ) - . E ) .
LA I ComTTe T\
Tl . . 0 ] ety i ‘ ; Enable R .

B . IR ¥ i TR 'cMosB : s

CcA1l i : e + tpwD ' nI:--- ~===Vcg -30% Vi

PAO-PA7, '
: CA2
CA2 ]

" FIGURE 11 — CB2 DELAY TIME
(Write Mode; CRB-5= CRB-3=1, CRB-4=0)

'

FIGURE 10 - PERIPHERAL DATA AND CB2 DELAY TIMES
] (erte Mode, CRB 5= CRE3=1, CRB-4 o !

" Enable Enable

- - - PWey —=
ce2 \ o .
P'Dcﬂ R S 2D ‘
-\ CL A,,I,:‘ g S ‘Assumespart was deselected durmg the

T : previous E pulse.
*CBZ goes low as a result of the- - ' v )
positive transition of Enable. . - ;

tRs1’

e : oW

~ PBO-PB7

cea* " o

FIGURE 12 — CB2 DELAY TIME

: ' FIGURE 13 — INTERRUPT PULSE WIDTH AND TRG RESPONSE -
" (Write Mode; CRB-6= 1, CRB-3=CRB-4=0) ) _ ' v

| PW)

\ A\ R PR ’ |
Enabl . o S L L -
ne Sy ya : CA1,2 : L.
’ 7 S , cB1,2 :

cB1

cB2

* Assumes part was deselected during
any previous E pulse.

Note: Timing measurements are referenced to and from a lo

v

5
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tRs3® {

* Assumes Interrupt Enable Bits are set.

w voltage of 0.8 volts and a high voltage of 2.0 volts, unles; otherwise noted.




IRQ

Note: Timing measurements are referenced t\o and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.

-FIGURE 14 — TRQ RELEASE TIME  ~

- able - ) ' _ : i itRL
: - » s : RESET . \ s e
R | B o K ,

1 0 ps before addressrng the PIA

~

. FIGURE 16 — EXPANDED BLOCK DIAGRAM .

FIGURE 15 — RESET LOW TIME

. 'The RESET line must be a ViH for a mrnrmum of

TRQA 36 - » i
- - Interrupt Status
) A 2 e | e -Control AT :
T ’ -
: ) Control .. ’}39 CA2
’ Register A
DO 33 -a—»] - (CRA)
D132 a—p ) - | ol e
R e N - '\ Data Dtrectron . .
D2 31 = e ) V] "Register A L
- D3 30 -—a|. DataBus l I I (DDRA). i
v 0429 Buffers - s o
. (bBB) Output Bus ;
D5 28 ~a——= - . = iy
- D6 27 =— ' le—- 2 PAD
D7 26 -a—» Output . le—e 3 PA1
Register A ),
. (ORA}) . ~- . H,4 PA2 [T IS T
' R TS : o Parrpheral; H'SPA:;
. — - N : * Interface - “[- o ‘
E - . . A <—->- GvPAd .
- -Bus Input: é’, ' . 7 PAS n
- / Register, e e—» 8 PAG
- S I - . le—» 9-PA7
Vcc 2 PiN20- e ey e
Vgs 4 Pin 1 ‘ e ot o [ -1
e o Output N O -<—> 11 PB1
: : ), Register B o, . i
CSO 22 -——»= : - (ORB) V| L : -<—>12 P82 -,
-+ G50 22 -— PN : : /Peripheral’ <_> 13 PB3
S - CS1 24 ——y' " Interface . i -
—_ ) ‘g <—- 14 PB4.
. CS2 23— Chip : 15 PBs
Yo +  Rso 36 ——a Select ‘ B ’
N and . lt——p= 16 PB6
thy ~ RS1 35 — R/W . . ’ . -
c _ . ; ‘ <—= 17 P87
f R/W 21 - ontrol ) ; )
-~ Enable 25 —w{ | : i S SRR
l Data Direction )
; . Control 'Flegister 8
. __IJ> . Register B T ]. . (DDRB)
; . {CRB) -
o “=Interrupt Status\‘.. = 18.C81
IRQB 37 -- hd Control B .19 CBZ
' -

al

PIA |NTERFACE SIGNALS FOR MPU

The PIA lnterfaces 1o the- M6800 bus wrth an 8- brt bldrrec-
tional data bus, three chip select lines, two register select
lines,. tv(;/ornterrupt request lines, a read/write line, an enable
lrne and a reset line. To ensure proper operation with: the
MC6800 MC6802, or MCB808 microprocessors,- VMA
should be used. as an active part of the address decodmg

Brdrrectronal Data (DO- D7) - ‘The brdrrectlonal data lines
(DO- D7) allow the transfer of data between the MPU and the
PIA. The data bus output drivers are three- -state devices that
remain in the high-impedance (off} state except when the
MPU performs a PIA read operation. The read/write line is in

the read (high) state when the PIA is selected for a read
operation. .

- for ‘the: duration of the E pulse The device is deselected
when any of the chip selects are m the rnacttve state !

Reglster Selects (RSO and RS1) — The two regtster

- select lines are used to select the various registers inside the

= PIA. These two lines are used in"conjunction with rnternal
" Control: Regrsters to select a partlcular regrster that is to be
written or read.

The register and chrp select lrnes should be stable for the,
.- duration of the E pulse whrle in the read or write cycle

lnterrupt Request (IRQA and lRQB) - The active low In-
terrupt Request lines (IRQA and TROB) act to interrupt the
MPU either drrectly or through interrupt priority circuitry.
These lines are “open drain” (no load device on the chip).:
. This permits all interrupt request lines to be tied together in a

Enable (E) — The enable pulse, E, is the only- trmrng -7 Wire-OR configuration.

devrces

o

e
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signal that is supplied to the PIA. Timing of all other signals

- is referenced to the leadrng and trarlrng edges of the E pulse

Read/Wnte (R/W) - Thrs srgnal is generated by the
MPU to control the:direction of’data transfers. on'the data
bus. A low state on the PIA read/write line enables the input
butfers and datais transferred from'the'MPU to the PIA on
- the E signal if-the device has been selected. A high 6n the
read/wrrte Irne sets_up_the PIA for a transfer:of data tothe
_bus. The PIA output buffers are enabled when the proper ad-

' dress and the enable pulse E are present IRTISE

RESET = The actrve Iow RE°ET lrne is used to reset all

' regrster blts |n the PlA to alogical zero (low). Thisline can be

used as a power on. reset and as a:master- reset durrng
system operatron r e

Chip Selects (CSO CSl and CSZ) - These three |nput
.. signals are used to select:the:P|A:,CS0-and CS1 must be
"high and €S2 must be low for selection of the device: Data
transfers .are then performed under the control of the enable

' and read/wnte 51gnals The chrp select lrnes must. be stable

T : L hed

o The PIA provrdes two 8:bit bldrrectlonal data buses and

four - mterrupt/control lrnes for rnterfacrng to perrpheral

Sy

Sectton A Penpheral Data (PAO-PA7) - Each of ‘the
peripheral data lines can be programmed to act as an input or
output, This is accomplished by. setting-a 3¢ in the cor-
respondrng Data Dlrectron Register bit for those lrnes which
“are.to. be outputs A 0" in a bit ‘of the Data Direction
Reglster causes the correspondrng perrpheral data line to.act
asan rnput Durrng an MPU Read Peripheral Data Operation, -
the data on perrpheral hnes programmed to act as inputs ap-
Dears drrectly on.the corresponding MPU Data Bus lines. In -
_the inpit mode the internal pullup . resistor. on these lmes
fepresents a'maximum of 1.5 standard TTL Ioads

. The datain Output Register A will appear on the data Imes
thatare programmed to be outputs. A logical 1% written in-
1o the register will cause a “high"" on the corresponding data

7

TPIA PERIPHERAL INTERFACE LINES CoL
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Each Interrupt Request line has two internal Jinterrupt flag
bits that can cause the Interrupt Request line to go low. Each

= flag bit is-associated with a:particular peripheral interrupt

- line. Also, four interrupt enable bits'are provided in"the PIA .
whrch may: be used to mhrbrt a partrcular rnterrupt from a’
penpheral device.: S

.Servicing an mterrupt by the MPU may be accompltshed
by a software routine that; on a prioritized basis,’ sequentrally }

. -reads and tests’the two control: registers in each PIA for in- !

-~ terrupt flag bits that are set.: - . . i

The. interrupt:flags-are’ cleared (zeroed) asa result of an
. MPU .Read, Peripheral Data Operation ‘of the corresponding

data register. After being cleared, the interrupt flag bit-can- -
not be enabled to be set until the PIA is deselected during an :

E pulse. The E pulse is.used to condition the interrupt contro! .

_lines (CA1, CA2, CB1, CBZ) When these lines are used as

interrupt inputs, at least one E pulse must occur from the in- :

active edge to the active edge of the interruptinput signal to

% condition: the edge sense network. If the interrupt flag has :
* been enabled and thé edge sense circuit has been properly
_conditioned; the mterrupt flag will be set on the next active

i transition of the mterrupt input prn -

line while a *’0” results in a “low.” Data in Output Register A
may be read by an MPU “’Read Peripheral Data A"’ operation
when the correspondlng lines are programmed as .outputs.
This data will- be' read. property: if ‘the voltagé® on “the
- peripheral data lines is greater than 2.0 volts for a logic 1"
: output and less than 0.8 volt for a'logic """ output. Loading
. the output lines such that the voltage on these lines does riot
. reach full voltage causes the data transferred‘into-the MPU
-on .a Read operation ‘to. differ-from thattcontatned |n the
respectrve blt of Output Reglster A. :

: Section;B Peripheral Data (PBO-PB?) — The peripheral
data lines:in.the B Section of the PIA can'be programmed to
.act as-either inputs: or outputs in a similar manner-to PAO-
PA7 They have three-state capabuty, allowing them to enter’”
a high-impedance state when the peripheral data line is used
.as an rnput In addrtron data on. the perrpheral data lines

i

q
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o's
v

"*high”_or above 0.8 V for'a “’low". As outputs, these lines

..are compatible.with standard TTL and may also be used'as a
“source of up to 1 mlllrampere at1.5volts to drrectly drive the
base of a transistor switch.

CA1 and CB1 are input only | llnes that-set the interrupt flags
of the control registers. - The: active transition':for these
srgnals is also programmed by the two control: regrsters

iy Cevn VL

CA2 can be programmed to act as an |nterrupt mput orasa

B E
Ty . A ’. sk T

. INITIALIZATION t ’ TR :
.-A RESET has: the effect, of zerorng alI PIA regrsters Thrs
. wrll set PAQ-PA7,.PB0-PB7, CA2 and CB2 as inputs, and all
interrupts,_ disabled. The PIA must be configured dunng the

: restart program which follows the reset.
-] - There are six locations within the PIA accessrble to the

' Regrsters -and twa_.Contyol: Registers.  Selection: of these
locations is controlled by the RS0-and- RS1 inputs ‘together
-with bit-2 in the: Control:Register, as shown in Table'1.

Detarls of possible: configurations of the” Data Dlrectron
and Control Reglster are as follows AENUPERE :

;,; e L L e

- penpheral control output: As an output this line is compa}
~."ble with standard TTL; as an mput the internal pullup resisit:

" 'PBO-PB7 will be_readlproperlymf'rrom those lTRVES_ programmed’ © -
as outputs even if the voltages are:below;2.0:volts for a -’

of this signal'line is programmed with Control Register + }f

lnterrupt lnput (CA1 and CBl) — Penpheral mput linés

Penpheral Control (CA2) - The penpheral control “line -

INTERNAL CONTROLS G e S {:E'_ s

' ‘ Notlce the dlfferences between a Port A and Port B re

MPU data bus: ‘two! Perrpheral Registers, two Data: Direction™ “g191=rS . s : !
- “to.control :the operation of -the four-peripheral control lin;

* rupt flags. Bits 0 through 5 of the two registers may be w E}

. registers are read only and-are modified by’ external mterru

(| 7% TABLE'1= INTERNAL ADDRESSING, . .

e e sControli e T T
Pl .. . RegisterBit |- 0 T o
i |- |Rrs1| rso.| cra:2 [ CRB:2 | « .. Location Selected. .
<ol o] e | X ‘Peripheral Regjgter A o
E 0 0 "o | x ) Data Direction Register. A .

-0 1 X X Control Register A -

1 0 X Peripheral Register B

1 0 X Data Direction Register B

! 1 1 X X | Control Register B, ... -7 /

. PORT A-B HARDWARE CHARACTERISTICS
As shown i in Figure 17, the MC6821 has a pair of 1/0 ports
-] whose characteristics differ. greatly. The A ‘side is designed
.il :todrive CMOS logic to normal 30% to 70% levels, and incor-
“i| porates an-internal pullup. device:that.remains connected
; even in the input mode: Because of this, the A side fequires

trast, the B side uses a normal three-state NMOS buffer
which cannot pullup to CMOS levels without external
.resistors. The B side can drive ‘extra loads such:as-Darl-

the-A.port represents-inputs with pullup resistors, whereas

upon the load connected toit..

e s

i{{* more drive current in the input mode than:Port B.: In‘con- -

ingtons without, problem. - When the PIA.comes ot of reset, -

~theB:! S|de (input mode also).will float hrgh or low dependlng g

. MOTOROLA Semlconductor Products Inc.
) 8. i .

H3

on this line represents 1.5 standard TTL loads. The func.

Peripheral Control (CB2)}' — Peripheral Control line C
may also be programmed to act as an interrupt input
- peripheral ‘control-output. As an input, this line has high
- put.impedance and is compatible with standard TTL. As [ -

output it is compatible with standard TTL and may also
used as a source of up to 1 milliampere at 1.5 volts to drre)

TY

drive the base of a- transnstor switch. This line is program. 1%
K "by Control Regrster B.

peo e
PR 7 ST
RS ’

IR}

v

‘operatton when in the output mode. When reading Port
the actual pin is read, whereas the B srde read comes from
" output latch ahead of the actual prn

o [VERIIATEN

CONTROL REGISTERS (CRA and CRB) e :
: The'two Control Registers (CRA and CRB) allcw the'M

= CA1, CA2; CB1, and CB2. In addition they allow the MPU,}
enable the interrupt lines and monitor the'status of the intr

‘.ten_or-read by the: MPU when the proper chip select
register select sugnals are:applied. ‘Bits 6 and 7 of ‘the t!

occurring on control lines CA1, CA2, CB1;or CB2. The fg|
mat of the control words is shown in Flgure 18
2% BN 4

DATA DIRECTION ACCESS CONTROL BIT (CRA-2 a
CRB—2) B T

Bt 2, iR each Control Reglster (CRA and CRB) de
mmes selection’of éither a Penpheral Output Register or o
correspondlng Data Direction -E Regrster when the proy
register select signals are applied to RS0-and' RS1. A 1"
bit 2 allows access of the Peripheral Interface Register, wh

”O” causes the Data Drrectlon Register to be addressed

lnterrupt Flags- (CRA-6, CRA-7 CRB-6, and CRB-7)
. The four interrupt flag. bits -are>set.by. active transitions
srgnals on. the -four. Interrupt: and .Peripheral .Control ‘lin
“when those lines are programmed to be inputs. These b
cannot be set directly from the MPU Data Bus and are res
indirectly by a Read: Perrpheral Data Operatron on: the al’
propnate section.: . .~ .- N R TIe R

Contro} of CA2 and CB2 Penpheral Control Lines (CRA-
"CRA-4, CRA-5 'CRB-3, CRB-4 and CRB- 5) <~ Bits 3. 4, a1
5 of the two control regrsters are used to control the CA2 af
*CB2 Penpheral ‘Control lines. "“These brts determrne if the co
.trol ‘lines will-be’ an mterrupt |nput or-an output conty
signal.’ If bit CRA- 5 (CRB 5) is low, CA2 (CB2) is aninterru
input:line srmrlar 16 "CA1 (CBll When CRA 5 (CRB-5) |
-high, CA2 (CB2) becomes an output srgnal that may be usg
to control penpheral data’ transfers When in the outp}:
‘mode; "CA2 “and " CBZ have sllghtly drfferent Jloadiny’
charactenstrcs s

LRI

/

) ) ,enable the MPU mterrupt sngnals IROA and iRQB, respec-
. tively. Bits. CRA-1 and CRB-1 determine the active transition
of the interrupt tnput srgnals CA1, and CBi.

-, Control of CAl and CBl lnterrupt lnput Lmes (CRA-O
CRB 1, CRA-1, and CRB 1) — The two Iowest-order bits of
the control registers are \used to control the rnterrupt input
tines' CA1 and CB1. Bits' CRA-0 and CRB- 0 are used to

FIGURE 17 - PORT A AND PORT B EQUIVALENT CIRCUITS

' Po'rt'Aj o i Port B ’

T T s Vcc;'« : _ g T vee -
DATA — % Port Fin Data Directlon P .
’ 'V_G ‘ " , | Port Pin
Do T T Ry
Direction ' ’ t o o }

Data Direction
; : 5 (1=Input Pin) ¢ : :
C— RS (- {0~ Output. Plnl s -

Read of B’
" Data When
: © . in Output
! " "Mode

- {1=Qutput Pin) ..
. {0~Input Pin}

Read A Data S:f:vs:\;
in Input or

Qutput Mode - _in Input' Mode

?q © internal PIA Bus - PR . T : '

ORDERING INFORMATION. - :

To External
Bus

.ot yvel. - MCBBA21CP SV o ' |
orc Cireuit e : " Device © | Temperature Range|
. Motorola Integrated Circuit —-_-I—T W F , Speed : Device _ mP . g
M6800 Family _ L : 1.0 MHz : MC6821P,L.S - 0 to 70°C
" Blanks= 1.0 MHz : MC6821CP,CL,CS 40 10 +85°C
A=1.5MHz 5 MHz.. | MCE8A21P.LS 0 to +70°C
| B=20MHz - . , Z‘ " |MCB8A21CP,CL.CS -40to +85°C
_|'** Device Designaton 20MHz | MCe8BZIP.L,S 010 +70°C
“. 1n-M6800;Family : -
Temperature Range - )
Blank=0°=+70°C . ' TR
. C= -40°—,+85°C - TR -
" -Package !
P = Plastic
’ S='C_erdrp" T T : ‘ v i
L = Ceramic - 7 R TR S : » ' !
BETTER PROGRAM
Better program processmg is available on all types listed. Add -
sulllx letters to part number.
Level 1 add “S”  Llevel 2add "D  Level 3 add "DS”
Level 1 S =10 Temp Cycles — (=25 10 150°C);
Hi Temp testing at T max.
: tevel.2 "D = 168 Hour Burn-in at 125°C
“Level 3° ‘DS" = Combination of Leve! 1 and 2.
L MOTOROLA Semiconductor Products Inc
- = o .




1

v}, b1=0:

Determine Actrve CA1l (CB1) Transrtron for Semng
Interrupt Flag IRQA(B)1 — (bit 7) S :
:IRQA(B)1 set by hrgh to low transmon on CA1

e
-bl= 1: IROA(B)I set by Iow-to hrgh transmon on CA1 ’
©{CB). :

IRQA(B) 1 Interrupt Flag (bit 7)
Goes high on active transition of CA1 {CB1); Automa-‘
tically cleared by MPU Read of Output Register A(B)

T oTtayc o feg 1ot [ . .
S FER R P D S I

- FIGURE 18 — CONTROL WORD FORMAT =~

T e

b0=1:

i “‘_CAl (CB1) Interrupt Request Enable/ Drsable
. bO=0: Drsables _IRQA(B) MPU Interrupt by CA1

C(CBY) actrve transition.

Enable IRQA(B) MPU- Interrupt by CA1 (CB1)
active transition.

- 1. IRQAIB) will occur on next (MPU generated) positive

transition: of b0 if CA1 (CB1) active transition oc-
curred whrle mterrupt waigrsabled bO gy dzuema

May also be cleared by hardware Reset. 2per <2s\iden ¢A R n SMeyse QO
‘ K D\u;.)ﬁ
..(’ R . = N - ‘ Lo
.'_._.I__ ST R 1 t ) ! j !
b7 b6 b5 b4 | b3 b2 | . b1 | ®o
Control Regrstcr |RQA(B)‘| IRQA(B)2 .~CA2 (CB2) ; "DDR * | 4 CATICBY), o]

o ' Flag -Flag R Control '‘Access® ¢ | t:.Control * ) '
IRQA(B)2 |nterrupt Flag {(bit 6} et : ~— : . ’ _
When CA2(CB2} is an input, IRQA(B) goes hrgh on ac- - — Datermines Whether Data Diraction Register Or Output
tive transition CA2 (CB2); Automatically cleared by /| y Regrster is Addressed
MPU Read of Output Register A(B). May.also be . |°  / b2=0: Data Direction Register selected.
cleared by hardware Reset. DO b2=1: OQutput Register selected.

CA2 (CB2) Established as Output (b5=1):.IRQA(B) ‘ o Coe e
2=0, not affected by CA2 {CB2) transitions.:
i
"CA2 (CB2) Estabhshed as Output by b5= 1 . CA2 (CBZ) Establlshed as Input by b5 =0
(Note that operation of CA2 and CB2 output ,
b5 b4 b3 - functions are not identical) __5 b4 b3 ‘
‘ T—-caz 0 | R .
10 b3=0-" Read Strobe with CA1 Restore 0 —>» CA2 (CBZ) Intcrrupt Request Enable/Drsablc
‘ CA2 goes low on. first high-to-low ' b3=0; Disables IRQA@) MPU Interrupt by
E transition following an MPU read © CAZ21CB2) active transition."
of Output Register A; returned high b3=1: Enables IRQA(B) MPU Interrupt by
- . ._n._by nex}.active CA14 transition, .as L CA2 (CB2) active transition.
: <. specified by bit 1. Rt *IRQAI(B) will occur on next (MPU generat-
’b3=1: Read Strobe with E Restore j : " ted) positive transitiop of b3 if. CA2 (CB2I-
- .7 CA2 goes.low on"first high-to- low i ¢ 1 active transition occurred whrle interrupt
E transition following an MPU read ' was disabled.
: o Output Register A; returned high : ——)Determrnes Active CA2 (CB2) Transrtron for
; ’ ’bV next high-to-low E transmon dur- i - Setting Interrupt Flag IRQA(B)2 — (Bit b6)
ing a deselect. - o b4=0: RQAIBI2 set by high-to-ow ransi-
F= CB2 S ; - tion‘on CA2 (CB2).
b3=0: Write Strobe with CB1- Restore , "b4=1: IRQA(BIZ set by |ow-to-h|gh transi-
- cB2 goes low on first low-to- -high . tron on CA2 (CBZ)
E transition following an MPU write g
into Output Register B; returned
high by the next active CB1 transi-
tion as specified by bit 1. CRB-b7
must first be cleared by a read of
data.
~ b3=1: Wirite Strobe with E Restore
CB2 goes low on first fow-to-high
- E transition following an MPU write v
into Output Register B; returned S
b5 b4 b3 " high by the next low-to-high £ tran-
- “sition following an"E pulse which o
occurred while the part was de-
selected, "
11 Set/ Resat CA2 (CB2)’
CA2 (CBZ)Agoes,Iow as MPU writes
b3=0 into Control Register. -
CA2 {CB2) goes high as MPU writes ,
b3=1 into Control Register.

————

‘ @ MOTOROLA SemrconductorProductslnc
7 b S .
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