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- spectacular sophistiéation offered by the electronics
L}

-1 -

CHAPTER}I

—.  INTRODUCTION

. - '3 n

Most'of us ar¥ aware of the need for fire protect1on,'

especially in high risk applications p;eveTant'in the

. chemical, petroleum, power generation, and offshore

industries. Expressfons 1ike "life safety", "property

%

loss", "business interruption” are well .understood, to say
néth1ng about the codes andﬂstand§rds that dictate the
minimum levels éf prbtection. .

A fire detéct1on and alarm system is a combination of
devices designed to signal an alarm in case of a{ffre. The
system may also accomplish fan control, fire door hold or
release, elevator recall, emergency 11ght1ngkcontF01'and
other emergency functions. These additional functions -
supflement the basic system which conSis;s of detection and
alarm devices afd central control anit.) i

The fire protectNon industry has benefitted, from %he

technology in generpl and.the micrbprocessor technology in

particular. The introduction of microprocessors in automatic

fire detection systems- 1s very recent and is limited to the
P

central contro) unit. As more and more computing power gets .
packed into ever'shrinking bits of silicon, perhaps nothing
demonstrates this silicon power better than today's single

chip microcomputefs. These new arrivals come very close to

.~

. N -



becoming-a system on a chip. Features like large ROM size a

-

whole page of RAM, timer, UART, 1/0 rescurces are nothing

new.

4

In"this thesis we will address the usage of such a single P

chip microcomputer in the fire.potectiénﬁsystem , not in the

central control panel where they usually be16ng , but as an

- ’ interface cjrcuit between field devi;es and the gfntral v

i micorprocessor. . C _

-In the first part of/tﬂz report we w11f introduce the

elements of fire brotection systems as td familiarize the

reader with them.’ln the second‘part we will deal with the

requirements for the single chip m1cro§omput;r to be used in

this prqject and compare the‘merits of 4 single chip

microcomputers considered for this project . Following that

*,,:"e will show how the Selected microcomputer will be used té
remotely interface the detectors and.alarm devicés with the

=

_ central microcomputer.

o ) i ySubsequent chapters wil) addres; the transfiission line

drivers aﬁd re¢eivers with particular emphasis on

calculating the transmission line parameters .. Finally the B
last part of the report discﬁsseSJQMe communications _-. :

.- ' protocol angd the central / remote message def1n1t19n and‘tﬁe S

software flow chart used with the sirfgle cﬁ1p miqrocompuier.

~ -

r
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2.1 Introduction

/f.z Detection Devices

-3 -

CHAPTER 2~

" DETECTION AND ALARM DEVICES

«

P

The basic fire protection sysfem chnsists of two parts,
detection and annunciation . Thg detectign is accomplished

by using different kinds of detectors .They convert the fire

-

products into an electrical signal th can be easly

-

processed . The annunciation is accmoplished by using alarm

devices 1ike flgshing beacons {_bells ,» buzzers and horns .
' SN
In this chapter we will discuss the characteristics of the

forementioned devices and their usage.

]

Fire is the process of combustion, & chemical rea{iion
t
producing heat, flame, 1ight, water vapor, gases and‘oﬂper

- \
products. An automatic detection device, such as a heat,\

smoke or flame detector, will sense'thé presence of one or "
more of the above products and generate en alarm signal.
There can be also human discovery of i fire, resulting ina
manual activation of an alarm device-. The fire alarm box ,
émthual pull stafion‘, 1§'noth1ng but a manual switch

designed'to.close or open a circuit when operated . Once



- .operated, however the switch can not be externally reset to

the normal pos1tion. This feature prevents the actuated

alarm from being-silenced by unauthoized personneI.

o

2.2.1 Smoke Detectors

There are two types of smoke detectors , the 1on1zat10n
type and the optica1 type. The fonization type contains kwo
radioactive sources (the amount of radiation is very smal)
and not hazardous to human beings). One of these radio )
active sources ionises the air in an outer chamber whien;1"
exposed to the atmosphere while the other fonises the a1r in
a2 virtually sea1ed inner chamber which acts as a reference
to the other chamber by compensating for atmospheric
changes? Particles of smoke entering the outer chamber
reduce the sma11 current which fis f1ow1ng, resu1t1ng in an
imbalance between the outer and the inner chanbers causing
an SCR to be turned on indicating an alarm condition. The
SCR stays 1atched'1n thds state until it is reset , after,
the‘smote has been cleared , by temporary interruptdon of

the power. When a typical detector enters the‘alarm state

1ts current consumption increases from a mere 15 microampere

~ to 60 miT1{ampere.

The optical smoke detector (fig. 1) consists of a light
source‘( L.E.D ) with 1ts associated Tens system . Together

b

they _produce a circular beam of light. A silicon photocell

- .1s positioned so that it s not directly receiving the 11ght

:



" LIGHT SOURCE ' PHOTO CELL



S

L ket

/and’ therefore the photocell will have no output signal

*2.2.2 Heat Detectors

y . '\
/ , ' .
soyrce signal. The light source is pulsed once every 8

seconds. Under no smoke conditions light cannot be scattared

4

/
When smoke enters the sampling area, pulsating light from

the light source is scattered by the smoke particles . The

photocell catches this scattered light end converts it to an
electrical signal which causes the 1ight pulse generator's

duty cycle to increase from one pu?se per 8 seconds to one
pulse per second. After 'a few seconds an SCR.is turned on
indicating an alarm condition and stays latched unti?l
temporary interruption of the power ( provided that the

smoke has been cleared). ) ' 4
The major difference between the optical and the fonisation
type smoke dete oi is that the 1atter_1s sensitive to very
small invisible P ticﬁes of smoke wh11e the former is ‘

sensitive to large visible part1c1es of smoke .Th1s 1s an

advantage in p1aces where smoking is permitted. .

The function of a heat detector is tO'sense either an
abnormal rate of rise 1o temperature or theireachiog of a
preset temperature. Heat detectors normeily'give a slower_
response time- than smoke detectdrs. However they are ma1n1y

§ .
used in areas where smoke detectors are unsuitable or are -

not required. Most heat detectors are based on the fact

that heat changes the physica1 ﬁroperties of materia1s .It

- o

«‘_



expands metals , 11du1ds or’gases'and it changes the | :
characteristics: of matgr1a1 1ike the melting ‘of solids , o
for example . . '

One method of manufacturing heat detectors 1§ by utilizing

two thermistors. One 1s exposed to the hot éases and a -
second one is contajned in such a way that with an
increasing ambient teﬁperature , 1ts temperaturé and

therefore its resistance change lags behind the expoéed-one,

resulting in an electrical imbalance. This in turn causes an

alarm state by increasing the typical detector's current.
consumption from 60 microampere to 60 m11iiampere4 and
latching into this alarm state until a temporary
interruption of the power, pro&ided that the cause of heat
has been cleared.. '

Another method of manufacturing heat detectors {s based on
the expansion of:af;ﬁ;ftﬁfn a senéing chamber which has a
calibrated bleeding hole. A steep temperature gradient will
cause rapid expansion)of air inside the chamber, which the
bleed holg cannot accomodate , causing the Ehamber to
e;pand. This in turn causes an electrical contact to be made

causing an alarm conditifon. Also a fixed temperature v

detector operates by‘tﬁe‘expansion of an encapsulated

bi-metallic element. The advantage of this. type of heat

detector is that it is self—resetting and does not, require a.

temporary interruption of the power.

~
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2.2.3 Flame Detectors | Lv

n

ﬁfame is the visible or invisible burning gases or
vapor produced by fire. Flame ﬁetectors are line of sight
davices that w11i generate an alarm signa1‘when exposed to
the radiint energy from a flame. Since this radiant enetgy
travels at the spéed of light, flame detectors have the .
potential f&r being fast acting. Flame detectors, because
of théir fast detection capabilities (their reaction time is

in the millisecond range) are,ﬁgn general, used where a

serious hazard exists, such as fuel storage, .industrial

process areas and situatons in which explosions or very

rapid fire may occuy. - | k““;///(

2.2.4 Ultraviolet Detectors
——

&

One type of flame detector is the ultraviolet (UV)
"'detéctor that responds t§ inv1sib1e radient energy 1in the 'iﬁl -
~ u1tr;violei region (b&10ow 4000 angstroms), Normally, UV
detecfors are designed'to be reponsive only in the range of
approximately 186% to\3500 angstroms . This narrow band
eliminates false alarms from e1ec£r1c diScharge » 1ighting
and solar'radiaiion. ‘
One disadvantage of UY detectors s that they may also

respond to radiant energy from X-ray machines , arc welders
' and 1ightning. '

FT . : L f » h
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Smoke is another problem bécause it filters UV radiant
| ’ \
A energy. Consequently , UV detectors should not be used in Q\n§
areas where large amounts of smoke are likely to occur

~ ¥
before the appearance of a flame.

2.2.5 Infrared Qetectors

The infrared (IR) detector utilizes a photovolaitic or
A photoresistive cell with‘a,f11ter and lens system and
./respbnds to invisible radiant energy, above 7700 angstroms.
]’The IR detector responds to ma?¥ heat sources and is,
therefore, susceptible to false a1arms, even when thg{’are N

equipped-with sophisticated discrimination schemes. These
>

§

detctors are also affected by high humidity. For these

reasons IR detectors have®*very limited applications.’

2.2.6 Flame Flicker and Photoelectric Flame Detectors

. =7 ‘///—-s_
These detectors respond to visible radiant 1ight g )

/

!

en§n9y7~wh1ch ?x\in the range of 4000 to 7700 angstroms.
—The photqslectricFvaiée consists of a 1ight sensetive
photoce1T/?Hat w11}}generhte an alarim signal when exposed to
the radfant energy of a flame.
- - The flame flidfer device , which also operates on the
photoe1éctr1c principle , contafns a filter that permits
detection opération only in_reponse to the radiant energy

modulated at a frequency characteristic of the flicker of a

Y
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1

flame ', making the latter device more accuratebin’respond1ﬁg
to the visible radiant energy from fire. F]ame detectors
are morg expensive than smoke or heat detectors.

Fat

) oy Fer 1’&?\‘ .‘l/‘— . .<
2.3 Alarm Devices e s

e
RS g

N

Alarm-devices signal an alarm either fire or system
trouble when activated. They can be audible or visual.
Audible-alarms include bell, horns, chiyes. buzzers and
sirens ., while visual alarms include annunciators , strobes
and flashing 11ights . A1arm'§ystems may incorporate sol1d
state sound reproduction and emergency voice communicates
using prerecorded.or 11?e voice jnsiruct1ons. Printers that
record time, date, 1ocatjon and other 1nforﬁation are

normally installed at large facilities where a2 record of M

alarms is required.

Figurefé 111ustrate§ how the previously discussed dévices
can be 1ntergrated'1nt6 a typical automatic fire detection
system. Depending on the application, systems can vary in
size fer,the Qéry.smaTI (just one smoke detector in an
apartment or a big house) to the Very big industrial complex

system containing thousands of detectors .

.
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detectors and alarm devices

3.1 Intricti on

-

v T

R
—
CHAPTER 3
" CONTROL UNITS T

\\ . P

~—

Any fire protection system contains different types of -

. One can not rely on the'lr

local indications and output\§ for fire detectdion . A contro1

unit provides a centralized y‘;oint to monitor -and. control the

system activities.

»

3.2 Importance. of the control unit

(1) 1t receives sighals from the detec‘tion devices, and
operates the a]érms and other ou‘tput devices. >

(2) It provides a trouble signal 1in case of systems

mal function. (\ | =

(3) It provideg a point of system control. .
(4) It provides 2 system test point.

{5) It supplies e{ectricﬂ power. to the system.

. o

The central control unit serves a five fold purpose. ¥

. 1f we look at the f1.re protection industry as a whole, we

would have to admit that the most significant developments

+

are being made 1in,the field of electronfcs c)ontro1 systems.

That should come as no surprise, as this is also the case in

+

.many. other industries where the large scale integration of

electronics - includf ng the microprocessor technology - has
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.:" . increased system performance, improved reliapiIitytand at
- - : :

Q

. N e »
) “  the same time reduceé¢ cost.
\ e |
‘ /7 % It is difficult to find another fire protection related

. produét where fuch dramatic developments are taking place
and so many new capabilities are being made available to the

~

fire protection system designer.

' " 3.3, The Historical Approaches

b, & .
) P \, Let us take a look at some historical approaches, the
~ :‘— CF firstlinvov11ng 2 hardwired Eentral master contro1\pane1 and
o : ‘ i the second coverihg a8 scheme of distributed ha;dwired
"'ﬁ\ . panels, while the third shows a m1croproces§or~systgm.'
i . .
. o \3.§$f ThesCentra) Master Fire Control Panel
\ ‘ e
| o~ 0 ..
s . | Figure 3 11Justrates the conf1gﬁration'of a centra1}1ed
s fire dete;tioq'gyﬁtem. There are Sevg;al items worth
Y [A "T\‘ 'mentioningah | : c - - |

vm -
°

-The control panel is usually.located in a central

2 / ) 2 .
Wi ) control room.
’ - hé circles depfct input-and output devices -
"‘ ‘a (1nc16d1ng dEteCQprs. bells, hbrns, release, pump
. ) o ) ) . . .
¢ stargers, ect.) with which the contré6l interfaces.
Ca \ M1 of these devices are hardwired to and from the central
- o panel. |
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3.3.2 The Hardwired Distributed System

- 15 - |
The major disadvantages of this approach are :
-The control system takes up a lot of valuable space
. in the control room. ¢

-The cable and cable installation costs are very
high. -/

~-The central panel 1@95 not lend itself to changes

N

without extensive addition or modifications to the
cables once the project is completed .
-The more cabies there are ina system the more
likeﬁy they will become damaged due to fire or
mechanical damage.2

%

\

?1gure 4 111u§tra£es‘a~typ{ca1 distributed system which
has more thanh one 1dent1ca3 satellijte panel'distrfbuted |
through the system, so as to minimize wiring to and from the
input and output devices. These satellite pahels are
usually self contained and .not interdependant. They are
usuilly tonnected back, via hard wiring , to a simple
annuncfator in the control rooﬁ . With this approach the
major objections to the centra[ized‘approach are e11m1na§ed.

~=Since the panels are distrihuted throughout the |

.
' system, the wiring to and from the field

¢

devices {s minimized thus reducing cabling costs

and complexity.
. ~

\
. . N

. . -
s
I .
.



3 S
.
3

- - 16 -

-Since a simple annuciation panel 1s used in the -
control room, less space is consumed.

-Also, any changes or modifications to the system
are much easier. since:they are done on a regiona1

-basis. However, two objections stil) remain.

One of them {s aggravated by ﬁhe distr1buted‘

Fl

panels approach . . . -

The first objection is that the annunciation to. the
control room using this teghniqdelis very inadequate from a
&fire protection stand point. ’Since,the primary objective of
the distfibuted system designer provides only for general
alarm and general trgﬁ%1e signals'tovbe hardwired from the'
sgte111tg panels to the central annunéiato} panel 1in the
control room .The second object}on 1s that —ff’éequires the
operator to pay a‘visit to the satellite panel to

&./f. 2
1nvestigate the cause of the a1arm or trouble. o

o

A4 “ = -
¥y

. R
- c o, PN : -
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3.3.3 The New Apbroach

Now that we have examined tqb of the historical
asproaches, we can use them as a reference when we discuss
ths new’system operation and 1ist some of its benefits to
‘the two earlier approaches. Also 1t adds several important
features that are not possible ‘with ‘the hardwired system.
wkth the proliferation of micraoprocessors , more and more

«manufacturers are replacing their discrete digital ic's
central control units with a mfcrOpfosessor based one.
This new aproach is the result pf;2 ‘ . P
-The déve1qpments in the micrOprocessor technology that
1ncoJ;orate a sophisticated control system into small:
and versatile packages.

-Developments 1n high security communicatons

systems enabliing the electronics to be p1acéd

remote1y from the central facility. \ . -
12eve1opments in hardware and software permitting the
cost effective employment of a microprocessor based . \\\

“

system in the control room. ' h T\
Figure 5§ depicts the new system a;prqach in the simplest of

forms. This new approach has an a1togetherldjffeTent

technique for communicating back to the control room.

Instead of using Hedicated cabling between each remote
‘devi;e (be it a detector or an alarm device) and the central
control pane], with a pair _of conductors for eacﬂ/s1gna1

transmitted or received , now a11 that‘?s"TiaiTigd is-a four

~
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L
. .

conductor cable going in a loop shared by all the

devices and the control panel.

The éaving in cable is obv{o?s, but the important
feature 1is the,amount of information that can be
communicated over this simple arrangement utilising digital
signaling. | )

One disadvantage of this approach is ‘the dependency on a
single cable for power and signaling . In.cases where
reliability is of extreme 1mportance§, two or even three

cables taking different routes throughout the system can be

connected in parallel.

As was stated before , ghe microprocessoy technology has
been recently used in the central control units . The .
interface between the central control unit and the field
deyices ( detectors , aIarﬁ devices , etc ) remains_
cpmm1tted to discrete componénts . This project ﬁakes
advantage of the recent advances in the single chip ‘5\.
microcomputer technology in order to use a single chip
microcomputer as an 1n§erface hevice between central control

units and field devices.




VALV ) PANEL

SATELLITE
7——| PANEL
l’
¢
/

5

’

{

/

;W—Single
Cable

4 .

A

A

%

4

¢

/1

7

]

A

A

| SATELLITE

<=4 PANEL

-20-
A\
SATELLITE | SATELLITE
L7 L _PANEL .
£
- ' 4 ’
CONTROL ROOM '
'CENTRAL MICROCOMPUTER [Pl “ln
¢
Vs
/]
¢
/
. ¢
v
4
SATELLITE SATELLITE |—0J]
~ PANEL

SATELLITE PANELS

PANEL

DISCRETE ANALOG

AND DIGITAL COMPONENTS |

Y

<%

-

>

FIGURE (5) MICROPROCESSOR APPROACH

i l " l
Y .
‘ .
<. P -
FA



: , -2l -
T o CHAPTER 4 ‘
- \ THE SINGLE CHIP MICROCOMPUTER
N . Y \//’,}
4.1 lntroduction ~
, ~ B
Now that the basic elements of a fire protection system
have been reviewed we can turn to the second part of this
report which deals with the single chip microcomputer that
« " was chosen for thfs project. A single ‘chip mfcrocomputer was

chosen‘over discrete digital and analog devices ( due to its
extreme flexibility, size, cost effectiveness and its
input/output resources ) to interface the field devices with RN

the‘centra1 microcomputer.

ey

— =

4,2 Kequirehents for‘cgigsing a Single Chip

Hhén choosing a microcomputer for this project, there
are certain reqdirements that one must adhere to. The first
of ihese requirements is the utilfzation of the CMOS R
technology throughout this project for high noise immunity
and reduced power consumption, resulting in cooler
operation, and a\spal1er, more efficieni power supply. The
second requirement Is the availability of an on board UART
7 (Universal Asyncfanoué Recejver Transmitter) to facilitate
serial communications befueen the central microprocessor and

the single chip field computers. The third requirement is
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the availability of analog to digital converters on hoard, -
. for the simple reason that the field devices muSt be

monitored not only for their normal and alarm cond1t16ns,

but also for open and short circuit conditions, which means o
we must monitor four states on one line, ;~task that can not

be done without the help of a'siégle A/D converter. Actually

‘these four states correspond to four voltage levels . Table

1 sho@s thése f9ur voltage lgve1s as exhibited by a typical

detéctor when it is connected to a 24 V péwer supply-via a1l

KJZ'short circuit protection resistor.

TABLE 1 ' : X

Typical Detector Voltage Output Levels

N
R A ‘_
voltage leviy detector condition
> .22 volt detector 15 in open circuit condition
S13v - 22 v detector is .normal -
lv =13 v detecor is 1in an alarm state -
t??lv ' . detector is in short circuit condition

- e ERA W E E S mowm- ceemToeoscescensoaaee L X W R N N - ah w g -

While it is true that this task can be accomplished by using
two comparators ﬁer detector , tbg saving in board space and ' -
‘fhe overhead associated wigh extfa,cgmponents makes having

~ttie ‘A/D converters on boardﬂa desirable feature.:

£
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Several single chip microcomputers werelqdnsidered for ;his
project. They were ; the TEXAS- INSTRUMENTS 70C40, the
NATIONAL SEMICONDUCTORS COPS (for "control oriented
processor"), the INTEL 80C51 and the MOTOROLA 68HC11A4.

‘ Table 2 summerizes their main features. It becomesivery

- )
clear from the table that the MOTOROLA 68HC11A4 stands out

as the best choice as.ﬁgr as the hardware attributes point

" of view. This processor also has an excellent software

Anstruction set.

. . L 4 g
{ v \ :
l’ ‘ W
- - ‘\': - 2 .
’# el

‘\/i
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68HC11A4 Copk *0¢ 40 80C51
TToTTTTTTETTTTTITmTTTT I
ROM oK ., 2k 4K 4K
RAM 256 Byte 128”Byte 128 Byte 128 By??\
-------------‘----------7 --------------------------------
EEPROM 512 Byte N/A N /A N/A

hd

1/0 Lines 40 20 : 32 32
Timers 1/16 Bit - - 2/13 Bit  2/16 Bit
UART Yes No No Yes
A/D- 8 ch. N/A N/A N/A
CMOS Yes Yes Yes Yes

Comparison Between 4 Single Chip M‘lcrocomputers5’6"7;a
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4.3 The Motorola 68HC11A4

The MOTOROLA 68HC11A4 , as shown in block diagram in
figure 6 , 1is S very advanced single chip microcomputer that
lends itself well to various control applications. It boasts
an impressive array of hardware and software featurés, built
with a CMOS process which offers the highest noise immunity ——
of all logic families and, because of its low power |
dissipation , It reduces the power supply rating and in turn

keeps the system cooling requirements down to a miniﬁuﬁi

4.3.1 Memory Resources

®

The 68HC1TA4 could run in the single chip mode or the

expanded mode which is capable of addressing up to 64k of

external memory. Since this project will use the single chip
r

mode , the expanded mode -will be totally ignored. W
The 68HC11A4 has on board 4k byte of -ROM, bfg enough for a
large control program. It also has 256 bxies of RAM to hold _
temporar} data, flags, status of different preﬁhira1s.

However the most impressive feature of this Processor's

memory resources {s-the 512 byte of EEPROM which permits ,the
software programmer to write sﬁalI modules or tasks. that ’
could be ROMabTe, but the fina) program could,.be designed by
programming the EEPROM to call up these small tasks. This

feature 1s also very attractive to those designers who have

more than one product or one product with different models
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that has the same progam core but differ slightly from each
other. This 1arge EEPROM cou1d also hold last minute data

- or program.changes. In fact , the EEPROM is 1arge enough to
hold an entire contro]‘prégram without having to use the on
board ROM, or répTace some ROM based software routines~fbund

- to have bugs.rl B

— @~

Lp i . oy

4.3.2 Input/Output Resources ™~

< s

The 68HC11A4 has 5, 8 bit I/O;pov¢s. Some of these
_ports are dedicated tof/pe*iunctﬁon only (port B is always

" an~OuUtput port, while port C could on1y be programmed to be’

efither an output or an input port) while the other ports can

-

| %
| serve a dual purpose which is software selectable ( port E

8 channel A/D converter). Pins PDO and PD1 of 1/0 port D

are used either as general purpose I/0 or as the receive and

<i3;:;) transmit lipnes of a full duplex UART with an internally
; programmable baud rate generator. )

Pins, PD2, PD3, PD4"and'PDS>can serve as general purpose
input/output or form the basis of a mu]ii-procegsor ¢
syncronoué”%ommunicatigns enviroment, PD2 acts as the'
master-out-slave-in 11Te; PD3 as.master-slave-out 11ﬁe. PD4
" . as sthe syncronous c1qck shift 1ine (sck), PD5 as the slave

“select 11ine iss). Refer to the. 68HC11A4 dapq‘sheets for

illustration on how to connect these 1ines in a s

multi-processor system configuration. ‘ p

could efther be programmed to be a(genera1 input port of an -

“»
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When pog; E is not used‘as a d191§a1 1n§ut port , it could
be zseg as an 8 channel successive approximation analog to
digital converter with multiplexed inputs. An 8 bit dual
mode cdunter {is part of the sf11con real estate. In the
first mode the counter works Es-a simple event counter which
musi be clotked'externa11y. In the second mode, the gated
accumulation mode, the internal clock is divided by 64 to
drive the couqter while an external input serves as a gate?
Port A ciﬁ be. configured as a general purpose I/0 port o}
can be connected to the 1nterna1~t1mer section. A
programmable prescaler sets th; timer clock, which can bé
§ét to divide the prbceésor clock by 1,4,8 or 16. Also
conngcied to the timer are 3 inplut capture registers ana
five compare regist?rs.

An dnput capture p1; éssociated with each input capture
reéister can be programmed to detect signa]s on the positive
or ﬁegative edges or both, a feature that is &Sefu1‘in
agplications tin which the current state of the' input is _

either unknown or unimportant and the next ange of state

ansition causes
nto the selected
input capture register. The in pture signal can be
disabled via softﬁare and there is also a separatelinterrupt
for eachJ1nput 1ine. |
The five outputs compare registers indicate whether their

the counter. When a puccessful

values match the contents o

comparison is detected by any output compare/fFegister fts
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corresponding line can be toggled, set high or cleared . Ai/f-

-

can be disabled via software. o

»
L4

4,.3.3 Watch Dog Timer v

A,

Although new software design techniques l1ike structured

Ry

programming’anq top-down design minimize errors, routines
are bound to have errors. Therefore the 68HC11A4 has a watch
dog timer calied the cop (for "computer operating
propgr]y“). When the cop watch ‘dog timer is used, a special
software routine must be executed periodically or the timer
will initiate a reset to bring the system under control.

The cop time out period ca; range from 10 ms to 1 second and
unlike conventional watch dog timerﬁ which depend on the
system clock for their own operation, the 68HC11A4 has a
clock monitoring system, a retriggable.monostable
mu1§iv1bratoq that is triggered cont1nuous1y‘6y the internal
¢lock. ’If the ciock stops operating, the clock monitoring
system will detect the event within 100 microseconds. If B
dueito power consumgtion constra1nt§ R thé 68HCllA4'had to
run on very low speed to. save power, the clock monioring
system could be disabled by'‘'setting a bit'in the cop controf
register. If a failure is detected in either the watch dogv

timer or the clock monitor system, the reset terminal

beépmes an output with a logic 0 Tevel, forcing the rest of

mn »
the system to reset.

.
.“'

\
\
)

4

.
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These protechve hardware and software features are very
&%

essential to ensure system integrity and fuqct{onaIity.

4

4.3.4 Software Considerations

o

The 68HC1144 s part of the Motorola 6800 family but

L N
unlike the orjginal microprocessor it has more on board

?eg1sters. Besid® the 16 bit program counter and stack

pointer, it has two 8 bit accumulators that can be
concatanated to form a 16 bit accudeator} and two 16 bit
index registers (X and Y registers). .
Sin§1e chip microcomputers usually have a subset of the
1nstrbét10n repretoire of tHe family fhey represent. Not Qo
in phewcase of the 68HC11A4;*I} has signed and unsigned

multiply and divide 1nsfructfons, bit manipulation

instructions and new instructions to take advantage of the

index-registers and the enhanced accumulators.

.
« N

4,3.5 Interrupt Structure

‘ . N 7
Table 3 illustrates the 68HC11A4 interrupt priority

stheme.‘ Generally the;; are three 1nterrupt»§ropp§, the
nonmaskable 1nterrupt group which has the highest "
priority,the XIRQ whiEh is masked by the X bit and the third
groﬁp which is masked by the I b1t31owest priority 1eve1.“
Even wiihin each group there are priority 1eve1s?‘ The |

functKQﬁ of the X bit must be clarified-further. Coming out

e
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‘unp1anned interrupts on the<XIRQ lin
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of power on .reset , the X bit is set\ thus preventing

from occuring during \

-~

the initialization phase. This X bit ca&n cleared by

sof?are. However once cleared, enabling 1 terrruﬁts ‘on the -

“XIRQ line, it can not be set again, which i§ why the XIRQ is

called pseudo-nonmaskable interrupt.

»~

By providing a Vector for each 1nterrupt_sou;ce , the

68HC11A4 eliminates the need for polling to determine the

source of interrupt. A1l the software designer has to do is
simply place the address of the 1ntefrupt service routine in
tﬂg‘Vector associated with a particaular interrupt . When 4
the interrupt occurs, program control 1mmed1ate1y.tran§fers

to fhe address specified in that Vecfor witﬁout software
po?]ingﬂw\:hus greatly enhancing executibn speed. Notice

that the timer section has ten different interrupts .

associated with it.

—
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L | Table 3 “ )
‘ 68HC11A4 Interrupt Vector Tabje 5
Vector address interrupt source Masked By
FFFG,F7 Lowest , Software interrupt none
FFD6,D7 UART 1 bit
. FFD8,D9 Syncronous serial transfer I bit
i - \ FFDA.ﬂB*; Pulse Accumulator input edge 1 bit
\ FFDC,DD(‘ Pulse Accumu1at9r ove(f1ow I bit
’ FFDE , DF Timer overflow . 1 bit
i; ' FFEO,El =« - " Timer output compare 5 I bit
FFE2,E3 Timer output compare 4 I bit
FFE4,ES Timér output compare 3 I bit
./;;pFFEG,E7..; tymer output compare 2 I bit
FFES,ES Timer o utput compare 1 1 Bit
. ? FFEA,EB Timer out uf“236%ure 3 I bit
FFEc;EQ Timer output capture 2 I. bit
FFEE,EF d' Timer outputj;apture 1>' I bit
FFFO,F1  Real time interrupt 1 bit
oy FFF2,F3 Ext. interrupt or parallel I/0 I bit
o ,FFF4;fS Pseudo non-maskabl@ interrupt X bit
- .FFFB,FQ I11egal op-code trap None
F%FA,FB Cop failure (reset) None
k FFFC,FD Cop clock monito} (reset) None
- FFFE, FF Highest Power on reset _ None
N o :
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CHAPTER 5§

\ | .

SYSTEM IMPLEMENTATION

5.1 Introduction

Now that the remote microcontroller has been chosen ,
let us see how to useé such an advanced single chip

microcomputer as a fire detection remote sensing device. -

A

5.2 Remote Station Circuit Diagram

4

-
Figure (7A) 111ustrates the’circuit used to utilize the

BHC11A4 as a remote fire detecting circuit while figure
(7) 11lustrates the ﬁ/::' cjréuif in block diagram form .
Notice that a single microcontroller can be used to monitor
more than one detector{ thys reducing system cost.

The 1oop power supply which is usually betwegn 28v and 26v ’
D.C is furthgr regulated by a 5V 109 mA monolitpyc Tow power
vo1tag§ reéufator to supply power to the microcontroller,

The on board oscillator s codp]éd with an external crystal
'y

of 2.4576 MHZ , supply the microcontroller with its timing

'EigngT which is diviagd internally by four to yfeld a

processor frequency of 614.4 KHZ which is an even multiple

of the RS232 baud rate generator .
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During the following paragraphs the term * supé;v1sed input —
or output " will be used to mean that the function in
'question is monitored for open and short circuit conditions | A
in addition fo its other normal functions.
5.2.1 Supervised Detector Connections

Power is applied to five detectors via a seéies pass ‘
transistor , the.functiop of which 1s to interrupt the flow
of power to the detectors upon command from the
microcontroller in order to unlatch the output SCR from its
alarm condition. The maximum detector current consumption is
65 mA , so the transistor shoiuld be chosen to handle
approximately 650 mA without an; degradation of its
performance (5 Detectors * GSKﬁA each * 2 (factor of .
safetyS) . Rl‘gerves as a short circuit current Timjting
device 1in case of a short circuited detect;r . The 10K end
of line resistor ( E.O.L) helps the supervising circuit
detect the presence.of the detector since its normal state
input impedance is very high , mak1n§ it ver;\ﬁifficult to Y

dist1n9u1sh'betweeh an open circuit condition and a normal

_condition without the E.0.L resistor.

The positive detector terminal (A) is connected to the

microcontroller A/D converter circuit: via an R / 5R divider

circuit , the function of which is to reduce the detector

. output va*tage from very close to the JJoop power supply

(26V) to a safe value compatib]e.wfth the maximum allowable
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input voltage of the A/D converter which is 5V. Notice that
the detector can exhibit four states » short circuit , oben

circuit , normal and alarm condition on a single line .

5.2.2 Supervised High Current Output Devices

There 1is a provision for three high current output
devices . Each output is driven by a Darlington power
éransistor which 1is contrelled by a bit from output port B .
The output devices are terminated again like their detector t>

counterparts by the end of line-resistors . The output-'

.Darligton transistors are used in an emitter follower

configuration to allow the grounding of one side of the

output devices . Terminal (A) of the output device is Rt .
connected to the microcontroller A/D converter via an R / SR ' fﬁ@
d1§1der resistor network . When the A/D channel is read, Jit )

relays to the processor the state of the output device, a

~ feature useful in protecting the Darlington transistor

beside detecting output faults .

, .
5.2.3 Unsupervised Inputs ‘ . ' -

—

\J
' There 1s provision for five, unsupervised 1nputs » which

could be the detectors 1oca1 reset inputs. These inputs are

connected to an input’ port via pull-up resistors .
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"5.2.4 Unsupervised Outputs

Kol
'
4

L4

These outphts are low currentloutput.devices ( b&iiérs
and LED's ) . These are of the open collector type which
requires a low power driver transistor'like the popular *

2N2222 . Also , like the unsupervised inputs there {s

provision for five unsupervised odfputs'which can serve as

:/\j’iqcaI alarm indfcators at the base of each detector.

|
o«

-

Now that the hardware part of the circuit ha¥-been reviewed,

it is time to discuss the software part , mainly the ‘

a

"communicat1on protocol between the central station and the

remote statfons
: | Wi

e

5.3 Communications Channels

]

The MC68HC11A4 has on board a Brogrammab1e ser1g1"
communications channel (SCI) with its own programmable baud
rate generator that can support transmission speeds as low
as 75 bauds and as high as 3840b‘bauds . A1s& thé word
Klength can be set via software to 5,6,7 or 8 bits with
parity and one or two stop bits . Tﬁis f1exib1e'scheﬁe '
simplifies the‘ser1a1 data transmission since 4t covers a
large number of variations. The%epi; another serfal.
communication channel within the MCGS8HC11A4 but ft {s of the
.synCronous'type ( it 1; useful in mu1t1p}ocessor environment

where more than one microcontroller exist on the same -

pFinted circuit Board'). This syncronous channel can be used

\
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in this project but it was not adafted in favour of the

«

isyncronous communication channel.

In casesgWnere two ser'la‘1’ communications 'channe1s. are
l re§u1red , another serial communication channel could be

synthesized by software using the on board timer an@-the

interrupt request line to detect the s;art bit 1n‘ caselof X
receiving .0f course the%rocesgg:‘_has full control of the .
tim"lng in case of transmitting.
This.arrangement dictates that the central station has al SO,
at least two serial communications channels ( UART ) , a
very easy task in light pf todays LSI sophjsticat‘low .a

. N

5.4 Communications Protocol

| R

The communications link between th'e central station

and the remote field microcomputers has to be very reliable
and fast on the one han‘d and a1$o.simp‘le on 'the other hénd .
;It has to be noise tolerant which can be achieved. by"’
employing error detection techniqlies 1ike the cyclic
redundancy check or the check-sum method plus the usual
hardware parity checking . This two way error detection
scheme reduces to a2 bare minimum the p't;s'sibQ'lty of
erroneous messa-ge transmission between computers. -
Bas*lca‘Hy to establish a r'eHabTe communicgtions 1_1nk
between each of the field microcomputers and the central
lﬁicr_ocomp'uter\?here are ;woa ways of connegting the field

mi‘crocomputers; with t'h*e ‘cen’i#a'l microcomputer. Figure (8).

i
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111ustrates the fhrst way , called the. open 1ine method.and

-

\
figure (9) 11lustrates thexsecond method , ca11ed the closed

Adop method . These two approachesuw111 be discussed in o

detail. ' r
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FROM T0O .
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5.4.1 The Closed Loop Method -

-

In this approach ‘the transmitting output of one
device is connected to the receiving input of the next
device until the last device transmitting output is-
connected to the first device recei?igg'1ﬁbhf‘( which
= : happens to be the central station). Figure (9) 1i1ustrafes

. such an approach . Figure (10) shows a more reliable
| “ada:;afion of this approach. Instead of having one
tran§m1tting and one réceiving channel per station , each
deyiée has two communications channels so data transmiss1on\~,
can flow clockwise and Eounter clockwise to fac111tate loop
communieations evén with a cable break between two adjacent .
stations. |
" In this apﬁroach , every‘remote station has an 8 bits 1D’
code (yféTding 256 remote deévices per loop) » However,
practically speaking the maximum number of remote computers ‘
will be less than 256 to give way to special one byté~§135q1

-

commands from.the central station.

5.4&.1 Communications Protocol - .

-

-
Status Requ;:ii J ,

The central station sends a one byte command requesting
field devices status to the first remote staii%n which

responds by sending the requested 1nformatid%*and aﬁ.the -

a*
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i
same time , relays the command to the next remﬁée station
which relays the .command to tnf next ﬁicrqggmputer while
.sending its status to the first remote station which again
relays the Tnformafion to the centre1 station and so on
until the last remote station receives its command. The
central statien.reEeives and stores . the status information
from all remote stations in a RAM block then repeats the
whole procedure again from the oppesite direction this time
saving the status information in another RAM block . Then

from the twq'reaq1n9s~1t can process the received data .

* Now that the received data has been processed , it is time

for the central microcomputer to act upon it and starts
sending,eqnmnnds toAa specific remote station . For exampJen
4f 2 fire was detected , then the central station could
seund a horn or shut ventillation or retease g‘scby sending
a command to the:remote stations to turn certain ou;put on
(or off if it is normally on like a door holder). The
central microcomputer starts the command'mesgage by ;ending
the Iq”code , followed by the message itself ;'the length of
which 1s contained in the first three bits nf the byte
?o11ow1ng the 1D code . The last byte in tne message is the
check -sum byte.

Upon receiving the first message byte the first remote .
station checks if it is an ID code ( %etween 1 and 240) or a

global one byte command ( between 241 and 255 )7TIF it is a N\
¥ 4

; global conmem@lit saves in its memory far later procesking'

end%then‘neIays ;he,;e%nand unchanged to the next remete

. .

L
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!

station which repeats the éame operation until the last
remote station recéives the comman& and relays it to'tﬁe
central station as a way of acknowledging thaf the entire
loop has received the c;;mand . If this - acknowledgement was
not received within a pre-calculated time delay that is
.dependant on the number of remote édhputers in the loop ,

the central station will assume that not all 'the loop

devices have recefved its command either due to a cable

L.

break or due to a’fiulty device in the middle of the lo0p
and thenlproteéds to send the same command from the other
directibn and repeats the same.operatioﬁ agafn in hope$ of
reaching those remote stations that could not be reabhedq
from the other direction. |

‘Now if the first byte was actually~an ID code ( between 1
and 240 ) then the remoté station decrements the ID code
value . If the r%§u1t was zero then the message was meant
f%r this particular remote §tation and the message {is saved
for later prpcessing . However ,.¥f-the decremented ID coﬁf
1; not zero it is sent to the next remote along with thé
rest of the message which 1n§urn repeats gﬁg\ent1r;

%
procedune agfin.

T
Having 's€nt a Méssage to the remote station from one side
the central stationrsends the same message again from the
opposite side . Only then, when the remote station receives

the second ﬁessage and 1s compared with the first message

and found equal that the remote excutes or Biocesﬁes the S

message. A
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From the previous discussion therg are always two bytes of
overhead assqciated with each message, the first ID byte and
the 1ast check-sum byte . The ID code byte can’€3¢e11minated
by utilizing a different communications protocol that
dependsson the time delay between messages to determine the’
recefving remote station. This method is called store and
forward . Here 1s an examp1e.onohow it works .

Assume that the central station wants to send a message to
remote station # 5 . It starts by ;ending messages 5,4,3,2
and 1 to remote #1 ./Remote #1 stores the last message
received ( message 1 ) and forwards messages 5,43 and 2 to
remote #2 . Remo;e\#z stores the last messige received
(message 2 ) and forwards messages 5,4 and 3 to remote #3.
Remote #3 stores the last message received ( message 3 ) and
forwards messages 5 and 4 to ;emote ;4 . Remote #4 stores

3 the last message received ( message 4 ) and forwards messdge

5°to remote #5 which stores that message and does not

-
o —"

forward anything . B )
~One disadvantage of this appraoch is that in order to send a
message to remote # N , the central station has to send
messages to all remote microcomputers before 1t,: which may
- ooor mayﬂnot be a bad idea . Another disadvantage is that a
~ corrupt remote device in thf middle of the loop will corrupt
/ ~ :
, the data received and tramnsmitted through this corrupt

remote . Its advantage is beside reducing the message length
by one byte , that we have saved an input port that was

going to be used—t5 set the ID code . Another important



- 48 - L

advantage fis the uniformity of all remote microcomputer and
hence , it will be easier to reg1ace a remote station in

case of a fault . Another advantage is tﬁe less likelihood
o¥‘errors due to mistakes in fetting the ID code for each:

remote station. ‘ o aht

r
preTe

5.4.2 The Open Line Method (The Party Line )

K\ ] a
In this method all field devices share the same twisted

pair coming out of the central station serial communications
channel . Naturally there has to be an orderTy way of
'communication so that each remote station is only allowed to
send data on'ghe T;ne during a specific time . The software
commﬁnications is based on the very popular RS-232C running
half duplex ; Each remote devicé is assigned an ID code or
address between 0 to 127 ( for a total of 128 remote

devices) .13 ' ‘ °

The central station sends a message to 2 remate station
(whether it is a command or a status request ) which

consists of a few bytes ( usu511y 3 ord4) . The first
transmitted bit is always a zero indicating that the flow of
data is from the central station to the Eemote station whose
ID code is contﬁined in the next seven bits of the firét

byte . The first three bits of the second byte indicate the

number of bytes in the meésage excluding the first byte
which has the transmission indicator bit and the seven bit

_Ib code , 1hc1ud1ng the last check-sum byte .

rd
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If,however , the first transmitted bit in a message was 1 ,
th?t means qpat the remote station whose ID code is
contained in the following seven b1t§ {s responding to a
central station message which has -an u1timaie control of the
system phrtyfline . A remote micrpcomputér can not infitiate
a meséage .-I1t can only respoﬁd to 'a query from the central
station. As is the case with the message originating from
the central microcomputer , the first three bits of the
second byte originating from the remote statfon indicates

‘ the length of the'message in bytes excluding the first byte

but including the last check-sum byte.

" )
5.4.3 Error Detection '

. In a poryal communications cycle , the central si;tioﬁ
starts by sending a message to the first remote ;}ation (
requesting the statui of its deteétors and otﬁg; devices
connected to it . The addressed remote field computer
responds immedifately by sending a message containing the
requested 1nform$t10n yhich is received and vgy1f1ed by the
central st;tion . Then a message is sent tolthe next remote
station via the central station UART . In the mean time the

."central microcomputer {is processfﬁg the information received

from the previous remote station. )

’

If the central station does not recefve the response
expected - to its message within 1 m111isgcond it re-transmits

the‘message’. If no response is received again then the
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central ‘station assumes a faulty remote'sf;tion and ghows a
fault on a mimic display board or via a printer and then
continues sending messages .to the f§110w1n9 remote
statibns,;epeat;;g the same procedure again.

g ‘ e

5.4.4 Advantages and Disadvantages of The Open Line

“The main advantage of this method is that remote

-gtations can be added or removed from the circuit without

interfering with the other remote stations .'In fact,all
that is required in this case is to change the value of a
software countér . The other adVaqfage is that the remote
station could be far away from the central station without
compromising the.communicat1ohs 1ink integrity . Another
advantage is tﬁe simplicity and the ease of maintenance:
A major draw back of fhjs approach s that a short circuit
on the party line will paralyze the entire system until such’
a time when the short circuit 1s removed: .. Another
disadvantige of this approach is thdqiziéab1e.cu£ can
isolate part of system rendering it useless as long as ‘the

cable cut exiéts.

The advantages and disadvagtages of the open 1ine and the
closed loop approaches have "been ‘discussed . fhe open line

approach has been chosen for this brojeét and the

transmission Jine analysis will be based on that approach.
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CHAPTER 6

’ . . . TRANSMISSION LINE

i lad
.

'

6.1 Introduction

£

-~

Because of the long distances involved in industrial
’ and marine fire detection system ( several hundred ya;ds ) a
. well designed transmission line is a Qery important link in
o 2 fire Aetg;;}aﬁ system , otherwise , the system will be .
plagued wf{; an.unbearable rate of transmission errors
rendering the system useless. |
Although the RS-232-C is used for communications in this
prodect‘, the line transmitters and the line receivers do
not.adhere to the standard for the following reasons :
l- Standard RS-232-C line transmitters and receivers are
guaranteeqvover a distance of only 50 feet .

”'”“’2- They require additional voltage regulators and circuitry
to generate the negative supply ?rom the +26 v supply ,thus
adding to cost and complexity of the circuit.

3- These st;ndard devices are power hungry , consuming on
the average about 40 mA'péf remote .That f§s not bad if we

————haveonly one—remote—But—at-100—Temote devices that

translates to 4000 mA . This is obviously a very high

' current consumption . //

I)n
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6.2 Tran%miss1on:L1ne gonnections for The Open Line Approach

e

Figure ( 11 ) shows the typical connections of the
- ceﬁira1 station and lhe remote stations traﬁsm1ssiqn line
. drivers and receivers . The transmission occurs Sy turping
the transmitter line driver transistor on and off accofding
to ,the bit pattern of the message which in turn modifies the
- current flowing through the transmission 1ine which 1s ‘
monitored by the line receig;r trdnsiétors of the freceiving
0 channels to form the b?t pattern -of the message being

transmittedwla o

W

., 6.3 Calculations of The Transmission Line Parameters

The 1ine current IL is 11m1ted by the twisted pair
“fesistince and the transmitter driver saturation voltage
‘ (Vsat). Figure ( 12 ) shows the equivalent circuit used to

calculate the maximum -value of 1ine current of the current

o

3 V——

source.
Before calculating IL , Tet us calculate the minimum voltage
required to cause a zero reading at the central
micr&computer serial channel .receiver input (figure 13).
lez = minimum 1ine voltage for a zero reading . .

= ( Yz + Ybe ) - Vnm where
vz = zener diode voltage = 6.3V

Ybe =  receiving transistor saturation vo1£age = 0,7%Y

e T
* Thmm
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' - ~
Vom = maximum noise voltag margin = 2 V . ~

In a noisy énvironment,the noise margin can be
increased by increasing the zédﬁ} diode voltage for the

same value of Y¥mlz . . L ' ¥

B3

Yymlz = ( 6.3+ 0.7 ) -2 =51Y

IL is set at the receive / transmit current source to ensure -

&

| awmipimum‘lez (figure” 13 ) at a wire resistance of 257 OHM

which éorrespondes to the resistance of one mile of twisted

-

pair. =~ *

} | 1L = ( Vmiz - Vsat ) / RW

- - (’5 g 1.8 ) / 257 = 12.5 milliampere

IL s setﬁat 12.5 mA with ihe current source 11m3ting )
resistor RI . - .

RI = VRI / IL (figure 14) .where B
VRI = vo1t§ge accross Rfvj

= ( VX + Vbe -vy ) = 1.2 +~0.7 ""0.7 = 1.2 V
o . . /1"

ARs

‘RI = current source current setfing resistance . o
: % IL = line current

. , .
R1 1.2 vV / 12.5 MA =  96. OHM

' N PETIN
. .
- (5 .
. .
.
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9.4 Maximum Number of Remote Stations

There, are two factors which determine the maximum

pumber of remote station , Nmax, the rtotal line current , IL

> [

and the receive transistor basq.current which {is usually

very small . As stated before in the open loop approach';

the maximum number of remote stations is limited to 128

"which yields a base transistor current of about 80
" microampere ,.enough to switch 2 medium gain transistor of

the type 2N2222.

- N
— R 2

6.5 Closed Loob Line Drivers

e

In the czse of the closed loop, the.prob1em of the long
distance between stations is less severe because the Tobp,
length is divided amongest several remote stations which

means that the individual traﬁsmission lines between

stations are very short , thus reducing their capacitance,

. . &
hence allowing a high rate of trad%%ission. Due to thds

, N
relaxation of environment demand , the 1ine driver will be_a

CMOS 1ine driver which w111 utilize a CM0S operational

-amplifier acting as 2 comparator switching from power supply

rail to rail ( between 25"V and grohnd ) which should give a
high noise immunity . The line receiver will be a CMOS
.comparator biased to one ha1f tﬁe‘poqer supply ( 26 vV / 2
= 12,5 V) with a small amount of hystrises for better ndise

* ey
L ' .
[ A
P
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L

.immunity . Figure ( 15 ) showes a typical circuit for the

o | line driver and the line reQaiver .
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CHAPTER 7

MESSAGE DEFINITION

- ) ) 7.1 Introduction

VA
- In this chapter w¢ will define the messages exchanged
betugen?the central crocomputer andﬂthe remote . ‘
microcontroller . Tﬁe ﬁessages defined below will be based

.on the open line approach and can be easily adapted to the

\ .
closed loop approach. Figure ( 16 ) illustrates the message

—

structure in the time domain.

7.2 Centra) station to remote station : 2

Table 4 illustrates the message structure . Bit 1 of

byte 1 is zero indicating that the flow of data is from the

central sé?tion to a.:emote station whose 1.D code is
contained in the following 7 bfts ( bit 2 to bit 8 ). The
o first 3 bits of the second byte conta{n the.messagé length
> which in this case will be 2 except for turn output on )
command which will be 3 . The.next 5 bits of the keéond»byféy
(q{ are the command code , yielding 32 available commands .

However only 6 commands are utiljzed for the time being .

- Except for turn output on command ,the third byte will be %

Y
~

** .- the check sum byte .The fourth byte will bé the check
- P_ipng in case of turn output on cgnnandr

W’wg‘srwrm ULt -

e, e . ‘, Ya
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'3-_Wake up

7.2.1 Commahd Code

— . ' y— _
The Central station sends to the remote

st&tions Gix different commands summerized as follows

1- Reset and reinitialize

a

This command is issued after power up or if the central

i

station detected bus errors and syncronizatign is required .

-

—— - -

2- Go tc sleep mode

;l/":" .

pd .
This- command is issued if the A.C supply failed and the
whole system is running on batteries . The effect of this
command is to reduce the power consumption of the remote ,

station in order to increase battery life.

»

This cgmmand fs issued either when the A.C supply fis \
restofed or“ﬂi?ing glgsp mode when the central statign . L
requires the occasional detection of loop activity . After
the centr?I station recéives the information it needs, 1t
commands the remote staiion to go baék'to §Ieep mode agQin

1f the system is still runnind on batterigs. ‘ ‘ .
e - ! i

-

————ae e - . - B
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4- Send status v ‘ ' . L

<> ' This command is issued to get the staus of the
detectors and also the alarm devices , so the central
station can process the loop informatjon .

)

5- Cut detector power

‘. - This command.is used to cut power to the detectq;’to
N LnIatch its SCR and return to normal condition. +he detector
SCR latches 1n;b alarm condition when it detects a fire and
stays in this alarm condition even after the fire conditions
'have been c1earéd until its power is 1nterruptéd for a short

periéd of time . | -

6- Turn output on

| ' This command. is {ssued SF‘!¥ detecting a fire or after
- clearing a fire and the centra1 station processed the 1oop
data and decided that one or more of the outputs associated
with this remote statioﬁ must be turned on or off . These
outputs can be buzzer§ s, horns fI;;hing beacons or
mhénetic door release . This’comﬁand is followed by another
byte . Each bit-in this byte controls one output ( a 1 means
output should be turned on while a 0 means output should be _
turned off 7). S : ‘ 3

-—

Bit # 1 : Controls supervised output # 1 .

Xk \x R - T v
o S

5

yoe
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supervised output #
supervised output #

)

unsupervised output

unsupervised -output

unsupervised output
unsupervised output

unsupervised output

\

-
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7.3 Remote station to central station

- The remote station transmits to ceptral station on1y.
when it is 1nstrdcted to send status . Otherwise it just
execuées the command.seﬁf by the central station . Table 5
f1lustrates the message structure . , -
Bit 1 byte 1 is one indiéating that the direction of
transﬁission is from the remote station'; whose I.D number
is contained in the following 7 bits , to the central

station .

The first 3 bits of the second byte has the méss&ge length
which is 6. The next 5 bits indicate the st#tus of the S
unsupervised inputs ( bit 3 has input 1 status , bit 4 has '
Tnput 2 stg%ué »etc ) . Al reading indicates that theginput

switch is not active ( an open switch ) while a 0 reading

tndicates an actifve switch ( a closed switch ).

Bits one and two of byte 3 indicate detector # 1 status,
R » N

bits 3.and 4 indicate deteQEof 2 st&tqs » bits 5 and 6
51nq1cate detector 3 status , bits 7 armd 8 indicate d{;ectof

4*status , while bits one and two of byte 4 indicate .

detector # 5 status . The status code is shown below .

00D BIT . EVEN BIT . - _ STATUS
.0 - 0 detector is in short circuit S
1 0 _detector i< in alarm condition ”
o 1 detector is normal condition
T 1 “detector s in open circuft
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Bits 3 and 4/ f byte 4 indicate supervised output ¥ 1

status

,biﬁg 5. and 6 indicate supervised outpdt # 2 status ,

bits 7 and 8 indicate supervised output # 3 status . The

status code is shown below .

oDD BIT

0
1
0

%

EVEN BIT

0

0
1
1

STATUS >
output 1is 1in short circuit R

Q&Eput is on . ”
output is off

output is open circuit
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--Message Length-- -=-deccw-- Command Code =------ ———

-- Second .Command Byte Regyired only for output turn gn --
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-

¢ - TABLE B I

REMOTE STATION MESSAGE STRUCTURE ~ =

v
------- S GH R Am Gn Gs W ES NS S EE R A R S R W S ER S T D G SR WD ) TR GO D SR WD SR T SN TP ND 6 W G UL OD G R WL NE TR OR SR A W e

Bit 1 Bit 2 bit 3 bit 4 bit 5 bit ( bit 7 bit 8

n

-- Message Length -- -- U.S.1 # 1 ~ U.S.1 #5 status --

e en G R D W En S N S N R R AP R S G D G R GE TR R G e W i --—. ------------------ é - o e

&

Det. 1 stafus Det. 2 status Det. 3 status Det. 4 st.

- not used -- --.U.S.I # 1 - U.S.1 #5 status --
\
o "/”\f’fﬁéck Sum Byte
y MSSSessssscsccsmemccccoo-- i it bem-
//\~ . ‘ - o
> .
S.0 = Supervised output *
- R
U.S5.0 = Unsupervised output A
- U.S.I = Unsupervised input

For a definition of supervised dnd unsupervised 1nbuts and

outputs refer to 5.2

e /
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CHAPTER 8

SOFTWARE CONSIDERATIONS

8.1 In%roduct1gn

4
i

Almost every project involving programming a computer ~

starts with a flow chart to define "steps that have to be

.taken to solve the problem at hand and this project is no

| - .
exception . In this chapter we will look at the flow charts

eseéd with this project.

8.21The main loopﬂi

Figure ( 17 ) illustrates the softwaré uged with the
remote microcontroller .After power up t&e 1n1t1a112ation
phase starts by disabling all 1nterrupts , loading the stack
pointer , 1n1tfa1121ng,the 1/0 ports , c1earfng the RAM thus
clearing all software counters and setting all flags to the
nera1 condition . For exampIe the wake / s1eep mode flag
sh9u1d be set to the wake up mode Pnd the detector power

flag should be set to " on * in order to supply power to the

™ “a

'. After the inftialization phase the-prbcessor executes a

continlos loop . F1rst it reads the status of the detectors.

- and stores it in a gpecial RAM area that 1s reserved for

§‘device staﬁﬂs . It then reads the output devices status and

“

L 4

<

N i , 5
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saves in RAM then it reads the status of the unsupervised

L

inputs and saves the reading again in RAM .
After reading the status of all the devices connected to the
microcontro1]er ,» It reads the supervised qgtput command

flags from RAM and turns the supervised outputs gn’or of f

.

¢ i

and then repeats the same procedure for the unsupervised

¢

outputs .

The processor theh checks the“wake / sleep mode flag and if
it wasdset to the wake up mode it executes thé same loop
again . If , however , the sleep mode flag was set , the
processor executes a WAIT 1ns;ruction which in effect places
the processor.in a low power ﬁode until it 1s interrupted

by the UART .

¥

8.3.1 The UART Interrubt
The UART is the main source of interrupt . The flow
chart ( fig. 18 ) 11lustrates how the processor reacts upon

being interrupted by the UART . If it was interfupted by the

. transmitter , the processor 1oads the transmitter holding'

-

register of the UART with -2 byte,{rom the transmit buffer

(provided that the buffer is not empty ) and decrements the

¥

buffer counter. p v

If the processor was interrupted by the recefver , then the

processor reads the recefver shift register byte and stores

~
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it in ‘the receiver buffer and 1ncrements'the message
) ) 1

counter. If the received byte was thé‘second'byte in the
N\ " ( : 4 \
message , the message length will be extracteﬁ\fromlthe

. ~ : .
first 3'bits . If the received-byte was the last byte , then

v

the message counter is cleared to get ready for the next.
mess&be and the message checked for errors . If the message.

. x / -
was error free , then the command will be executed ., or else

the message is ignored .

B e,

\,

>

o

<
P

2y

-
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4 READ SUPERVISED. OUTPUTS STATUS >
- STORE IN STATUS RAM
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STORE IN STATUS RAM

OUTPUT SUPERVISED OUTPUTS
TOMMAND <
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SAVE BYTE IN RECEIVE
BUFFER, INCREMENT
- COUNTER

5

. ¢ ) Y
P EXTRACT MESSAGE .
d ® | LENGTH ' ~

.. last byte in
message

message
for this remote

N

e | CLEAR RECEIVE o R
- | COUNTER .

,EXIT /)

L:‘ 1 R d
e : : .
" ' W4 ,

Ld

-

4

-~

TIMNSMIT BUY
EMPTY?

N

SEND NEXT BYTE
DECREMENT COUNTER

—

/

-

. FIGURE (18) UART INTERRUPT PROCESSING
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go to sleep

—

1

SET. SLEEP FLAG

N 1 ,
( EXIT )

reset &

relnltlallze

send statu® Y

|

CLEAR SLEEP FLAG
PULL REGISTERS

command?
N

cut det. -
ower comman

-

4% Y

TURN OFF PASS TRANSISTOR
LOAD TIMER WITH ONE
SECOND DELAY VALUE
ENABLE TIMER OVER FLOW
INTERRUPT

TRANSFER COMMANDS
TO OUTPUT COMMAND
RAM AREA

Sv———

- -
y #
)

'< EXIT ) |

-

FORMAT MESSAGE :

CALCULATE CHECK SUM

TRANSFER MESSAGE TO

TRANSMIT BUFFER

SEND FIRST BYTE TO UARI

~DECREMENT MESSAGE
. COUNTER

FIGURE (18) cont'd
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8.3.2 Command Execution

[
1~ Go to Sleep Mode

~— The wake / sleep flag bit is set +ndicating that the

processor s in sleep mode .
2~ Wake up

- ‘ " The wake / sleep flag bit is-cleared indicating that

-

O m— .
the processor {s awake. "

-

3- Reset and Re1n1tiaTizef

The pr@gram jumps to the initialization phase .

4- Send Status o

. 7
-

.The program takes the status 1nformatfon from the

L4

status area and formats the messagg,f ca?cuiates the check "
sum byte then transfers the message to the transmitter ]
;b \;\ffer area . It then loads the transmitter holding register

—bf the UART with ‘the first byte of the nessage and-.

. . T decrements the buffer counter. , E
. - ./,.a " . o7
., ' - 7 ” - ‘ ‘. . ’ '
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5- Transfer Qutput Command

——r—r

The program transfers the command§ from the receiver

buffer to the RAﬁ area reserved for output f1ags'. .

6- Cut Detector Power 3

The program turns off the pass transistor thus cutting

. off power to. the detectors and loads the timer with a one

second delay value , then enables the timer overflow

- interrupt. See timer overflow interrupt for more details.

~8.3.3 Timer Overflow Inmerrqgi Handler

. The t1mer ovemflow interrupt flow chart is shown in
figure 19. The timer over flow' 1nterrupt hand1er turns on
the pass transistor thus supplying power to the d?tectors
and ending the one second Jnterruption of detectors power .

It also disables the timer 67%5)10w interrupt .

L

I

4

N\
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kY .
. A_PRACTICAL EXAMPLE

9.1 Iotroduction

;
! .
’ .
™ " . 5 _,,/)
-~ . N e "

<

Now that we have discdssed the- hardware and software
aspecti of using a sipgle chip microcontrof1er‘os an r
1nte;face device between detectors and other field devices
and the centrai station , let us see how to apply this idea

S \
to a real life situation. o s

9.2 An Example for 'a Fire Detection System

\

L]

Let os assume. thaé/fhjs system is going to be installed
Nin a 400 room bui1d1og 1ike the Concordia campus . Let us -

also assume for ghe sake of simplicity that there are 10

ks

floors of 40 rooms each and that the 10 floor plans are
identical . Figure'k 20 ) ‘shows the floor plan | which may
not be architecturally attractive or even feasible ) and the
detectors distribution . Not1ce that bes1de the detectors
‘there also are manua) pull down stotions,. These are’
acfivated;throogh & human discovery of a fire or imminent
.danger . The bells serve as the alarm devices in tﬁts case .
There can be also other a1arm devices 1ike flashing beacons

or hoz:i but they ‘are not used here.

» - - - TN«

(j_ RN P : : . ‘ \

M . ‘ ' . .t i ' ‘ N

! - . . : “
“ .
. . / . .
. ! L . , . a N -
" . s B . , ‘ . e T o, .
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”

Figure ( 21 .) -shows the electronic system which consists of
the central microcomputer station , several mimic boards

distributed aldng key locations in the building - 1like thé

" superintendants office - , a CRT terminal for system fault

diagnostics if required and finally the remote stations
connected to each other and the central station via a single

cable .

9.2.1 The Central Microcomputer

The central microcomputer has the ever popular Z80

microprocessor running at 4 MHZ with sockets for 16 Kbyte of

EPROMS to hold the program ,loop and system data and tables.
It also has sockets for 8 Kbyte of static RAM to hold flags,

-{ntermediate-calculations , data received from loop and data

to be transmitted to the loop . The mémory requirement
varies from pne s&stem to another depending on the system

specifications and compIex?ty . The circuit also has 3

© S10's ( Serial Input / Output ) for a total of 6 serial
‘communicat{ons channels . The YTirst 4 serial commupications -

; channe1§ are dedicate¢ to the four mimic boards while the

fifth serial channel comhunicates with the diagnostich
terminal and the .sixth serifal channel is reser?%d tgﬁ
communication with the remote stations-.

| «
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s 4

9.2.2 The Mim%c Board ' . ‘ >’

£e)
o

The mimic board is a simple yet very effect1ve way of
pin pointing the location of a fire of a %au#t.Figune (22 )
is such a mimic board - Each floor plan is silk screened dm"

o

a black panel . LED 's indicate the location of the

. detectors and the pull down stations . If a detector goesx

into an alarm conditjon which is detected by the .central

station , the central station sends a command to the m1m1c

boards to flash a common fire LED , turn the buzzer ‘on and

flash the LED corresponding to.that detector. This actian =

persists unt11 ‘the fire is acknow1edeged via the accept oo

switch of the mimic board 1nd1cat1ng that the fire has been f

detected by the peop1e in charge . When the accept switch is

(Q“

activated , a1l flashing 11ghts turn steady and the buzzer

is turned off. SO u
‘" ’ . /

From figure ( 21' ) notice that the mimic board has its own 0

280 microprocessor sincé it cap be located far away from the

f »
* L
[\ ) °
. , - , -

~

By counting -the detcctors.and pull Qown'staﬁgﬁhs in

’“ figure. (120 ) We find 58 of these devices. requir1ng 12
' -remote stations ( § detectors per renote station ) yietdlng
2 total of 120 renote stations well withén, the 128 -axiuun ‘.?

. remote station per loop . If , nowevé? " -ore thun 128

Ed
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remotes are required 1n any system an addit¢0n51

added prov*ded that the central station softﬁare
to accomodate morg than Tone Toop .

loop ‘can be

was written

-



L)
—
- i .
-

ELEVATORS

A

et tiahi

R PLA

_©
-8

b

e

z
@ | @

il
4%
&

i

v
Q-]

%

%
R
%

4o | @
R
4D

4|

o amrm—

2
. . b I
/'\
~®  DETECTOR |
- 'O BELL ;o ‘ 7
2 MANUAL PULL DOWN STATION.
) REMOTE STATION
- , f
FIGURE (20)° FLOOR PLAN AND DETECTORS
DISTRIBUTION | "
£
N ="



-85-

-

FIGURE (21) SYSTEM ARCHITECTURE
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CHAPTER 10

CONCL'USION |
o o~
In this report' the idea of using a single chip mi;rodomputer
to-interface remote fire detectors with a centralized
fmicrocomputer ha; been 1nvestigated and a circuit based on 
this idea was designed . There was ‘no attempt to build the
actual §ystem due to the proh1b1t1ve‘cgsp involved . The
idea is very sound and not only cost effective but it
'con?{jbut?s to thg ;ystem intelligence , a requirement that
is &emaﬂded mofe‘and more from customers ‘in this field .
For the sake of_simp11c1ty , this report touched only on the
vefy basic idea . What the system desig;ep can do with this
. approach is only limited by his or her im;g1nation . The
'\qyery same idea can a156 be applied to a multitudet of remote
data acquisition systems that involve aﬁalog signal

[y

processing .

/
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AL MOTOROLA

SEMICONDUCTORS MCEBHC11A4

R LN

. Product Preview 11
4 ‘ {MIGH-DENSITY NlGH—PEIFOIMANC!.
. MCBBHC11A4 B-BIT MICROCOMPUTER e
)

The HCMOS-MCEBHC11A4 13 an advenced mecrocomputer {MCU)
containing highly soptusucated on-chip penphers! funcuons. An im-
proved instruchon set provides addihona! capsbiity white Mamiainng ‘ .MICROCOMPUTER
compeatibility with the other members of the MGBO1 Family. The fully
static design sllows operation at frequencies down 1o dc, further reduc-

its already low power consumption. Features availsbie in sddition to
normsl MOBO1 features include \-.Aé

® 4K Bymws of ROM
©® 512 Bytas of EEPROM
@ 258 Bytes of RAM (Al Saved During Standby
® Enhenced 16-Bit Timer System
Four Stage Programmabie Prescaler
Three ihput Capture Functions
Five Output Compers- Functions
@ An B-Bit Puise Accumuiator Circuit
® An Enhanced Non-Return-To-Zero Serial Commurucations
intertace {SCI} g
® A New Serial Peripheral intertace ’
@ Eight Channel 8-B1t A/D Converter
® A Real Time Interrupt Crrcunt

® A Computer Operating Properly ICOPI Watchdog System

PIN ASSIGNMENT

W

«5v
[t X T AL Yoo . /‘
| = i
. il EXTAL jg———a> MODA/ (R
. TG > L o STRB/A/W ‘
i m i s STRA/AS
mn om——
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GENERAL DESCRIPTION

The MCBBHC11A4 s a single-chup mucrocomputer that
utilizes HCMOS techruques to prowvide Hie low-power char-
acterisuics and high norse immunity of CMOS pius the high-
speed operstion of HMOS. On chip memory systems include
8 4K byte ROM, 512 bytes of electncally erasable program-
mable ROM (EEPROM!, and 256 bytes of sistic RAM. The
MCBBHC11A4 rcrocomputer also provides highly sophuste-
cated, on-chup penpheral functions including an 8-channe!
snalogto-chital converter, 8 serial commUMCANONS Nter-
face {SCl) subsystiem, and a senal penipheral interface (SPUY
subsystem. S

New design techniques are used 1o provide 8 2 MHz
nomnal bus rate. The tmer system is sexpanded to provide
thres 1NpUt capiurd hines, five outpul compare hnes, and a
real tme nterrupt circut This gives the MCBBHC11A4 one
of the most comprehensive timar systems {ound on 8 single-
chip microcomputer Ot&r features of the MC6BHC11A4 1n-
ciude. 8 puise accumulator whach can e used 10 count ex-
ternal events (event counting model of measure an exiernal
penod (input gates accumulation of internal clock — E/644, a
computer operatng properly {COP) watchdog system which
heips protect against software falures, a programmabie
clock momtor system which causes generstion of a system
. reset in case the clock 1s lost or running too slow; and an -
legal opcode detection circuit which provides an unmaskable
inerrupt if an illegal opcode fetch s detected.

]

OPERATING MODES

The MCBBHC11A4 MCU uses two dedicated pins IMODA
‘and MODB) 10 select one of two basic operating modes or
one of two special operating modes The basic operating
modes are single-chip (mode O} and expanded mulugiexed
{(mode 1), and tha special operating modes are bootstrap and
special test The levels required on the MODA and MODB
pins for mode selection are discussed in FUNCTIONAL PIN
DESCRIPTION. The charactenstics of the operating modes
are discussed below.

SINGLE-CHIP MODE (MODE 0)

in the single-chip mode the MCU funcuons as a self-
contained mutrocomputer ahd has no externs! address or
data bus. In this mode the MCU provides maximum use of 1ts
pins for on-ctwp penpheral funcuons, and all address and
dats activity occurs wathin the MCU. As discussed in FUNC-
TIONAL PIN DESCRIPTION, when MODA=0 and

MODB = VDD the single chip mode 13 selecied dunng reset.

EXPANDED MULTIPLEXED MODE (MODE 1)

in this mode, two i/0 ports pius two addstional I/0 knes
become address, data, and control (AS and R/W) to show
the MCU to address up to 84K bytes of sddress space. High
orcler address bits are output on the port B pins. Low order
sGdress bits and the dats bus are time muitipiexed on the
eight port C pins, port D bit 8 becomes the address strobe
{AS) control output which is used in demuttplexing the low
order address from the dets at port C. The R/W control pin
(port D, pin 7) is used to control the ceecton of data
transters on the port C bus. Refer 10 FUNCTIONAL *PIN

DESCRIPTION and INPUT/OUTPUT PORTS for additions!
informatron regartng address strobe, read/wnte, port B,

- and port C.

BOOTSTRAP MODE )

The bootstrap mode 13 conmders 8 3pecisl mode 83
dstinguished from the normal operating ungie-chup Mmode
In the'bootstrap mode, all vectors are fetehed from the 128
byte on-ctup boot loader ROM. This 13 » very vensatile mode
s/inCe there sre essentially nO lirmations on the special pur
pose program that 13 boot loaded mto the internal RAM The
boo! icader 13 comained 1n 128 Dytes of -ROM whuch 15
enabied as internsl memory space 8t $8FB0-$BFFF The boot
loader contans s smali program wiuch réads a 256 byte pro-
gram into on-chup RAM ($0000-$ODFF), After the character
for sddress S00FF 13 recerved, control is sutomatically passed
10 that program 8t memory stcdress $0000 and the MCU
operates in the sinple-chip mode '

In the bootstrap mode, the sena! recerve logic 13 iniLialized
by software 1n the boot loader ROM. Tiws allows the pro-
gram control of the sensl communications mtertace (SCH
baud and worg § > . .

Dunng inishization of the special bootsirap mode, »
special control brt 13 configured 10 permil sccess 10 8 number
of special test control bits which aliows for sel! testuing of the
MCU in the bootstrap mode Also, since the mode control
bits can be wntten 10, the opsratng of the MCU may
be changed from the specisl bootstraly’ mode (which 15
single chup mode by detaultl 10 expanded multipiexed mode
undet program control

TEST MODE

The lest mode 1s considered 3 specisl mode as distinguish-
ed from the normal operating expanded mutuplexed mode,
however, it 13 considered as operating in the expanded mult-
piexed mode since externsl memory Tnay be addressed The
resel vector rs feiched from externaljmemory space $BFFE-

" $BFFF; therefors, program conirol may be vectored 10 an ex-

ternal test program.

The test mode s pnmarily intended s the man producuon
test mode 81 the Ume of manutaCture, however, It may a0
be used to program cakbration or personality dala into the in-
ternal EEPROM (elecincally erasable programmaebie read
only mamory) of the MCBBHC11A4. Dunng mutwiization of
the test Mmode, 8 special control bit s configured 10 permut
access 10 8 number of special test control bits  Also, since
the mode control bits can be wnitten 10 in the tes! mode, the
operaing mode of the MCU may be changed from the
specisl 168t mode (wiuch 13 an expanded muitiplexed mode
by delault! 10 the single Ctwp MOde under program control

MEMORY

Composite memory maps for sech MCBBHC11A4 mode of
operation are shown i Figure 2. These modes mciude
sngie-chip, expanded muitiplexed, Specisl boo!.-and specisl
test. -

in the single-ctwp mode (mode 0 of Figure 2. the
MC&HCHMdoamwnmm.&w
wal iternal MemOry I0CAtIoNs sre Shown in the shaded sieas
of Figure 2 and the coments of these sheded sress sre

-
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\ ot . FIGURE 2 — MCIBHC11A4 MEMORY MAPS )
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EXT . ’
$C000 —
. e
- ) ey \ BFCO | (1 SMOD = 1)
n's////: // m ,
- [
b BIFF
$o0 = paco | 512 Bvie EEPROM
#9000 — {May Be Duabied From imemnal Map)
43000 — .
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47000 ~— )
ExT EXT
- L]
- 64 Byte Regmter Block
© 00 - 757 (May Be Remepped To Any 4K Boundary)
$3000 = . .
$2000 — 1000 | For Expended Modes
. PORTC PORTCL DDRC PORTS
- i And PIOC Are EXT
wou = 8 ) 7
£XT EXT 0OFF | ocg B&\‘ AAM
. : {May Be Remapped To Any 4K Boundary!)
o ////1/00 171/ ////1 3R ////1], 0000 :

\ Single  Expanced Specst Specis!
Chp Mux Boot Test
iMode 0} (Mode ')

shown on the right side of th? diagram For example:
memory locations $0000 through $SOOFF contsin the 266
bytes siocated to RAM, memory locations $1000 through
$103F are allocated for » 64-byis regiswer block; memory
locations $BO00 through $B7FF are slocated for 8 512-byte
EEPROM (electrically erasasble programmable read only
memory); and memory locations $FO00 through SFEFF are
slocsted for 4K bytes of ROM (memory locations $FFCO
MtFFFFmMOoermptm reset
vectors).
T WWWM(Mﬂmm
Mthn2|nbuwvthomqfortm
mods; however, the memory locations between
the shaded areas (demignated EXTI are for externally ad-
dressad memory and 1/0.
The specisl bootstrap mode memory locations are simitar
0 the singie-chip memory locations except thet 8 specs!

fo

bo?up propram 13 addressed at memory locatrons $BFEG—
through $BFFF. The special bootstrap program controls the
process of boot loading 8 256 byte program through a serial
port into internal RAM,

The special tast mode memory locations are similar 1o the
expanded muitipliex mode except the interrupt vectors are at
oxwmumybunom

CENTRAL PROCESSING UNIT \

The central processing unit (CPU) of the MCBBHC11A4 i
basically an extension of the MOBB01 . In addition 10 be
ing able 10 exscute sl MCEB00 and M 1 instructions, the
MCOBHC11A4 uses » 4-pege Opcode Map to sliow execution
o! 91 new opcodes. As in the MOBBO1, the CPU of the
MCBBHC11A4 is implementad independently from the 1/0,
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,W or on-chup perphers! configurations. Consequent- penpherals in sddition to mmﬁuung with the on-chw
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communicating (wnh these i I ssubsysterns when The MCBBHC11A4 CPU hu seven regisiers svellable A
operating in me,unole-dup ﬁm when the the programmers as shown m Figurs 3. The interrupt swoh
MCEBHC11A4 13/ operating in « extended multplexed ing order 'is shown in Figure 4. The sevan registers a1 -
mode, it 15 cépable of addressing~ekternal memory and * discussed below.
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~ ROGURE 4 — INTERRUPT STACKING ORDER

Stack
. 3
sP PCL -~ SP Before integrupt
SP-1 PCH
§P.2 48 s
SP.) . 1YW
5P IXL &
sPp IXH .
- L
sps | Acca v
v v ,
SP2 acce .
— 5P CCR
SP.9 ) -=~GP Atter Interrupt

ACCUMULATOR A ARD B .

Accumulator A add sccumulator B are general purpose
8-bit regesters used to hold operands’and results of anth
melic calculaons or dats manipulations. As in the MCB801,
these two scCumuiators can be concatenated Inlo a single
doubile-byte accumulator talled the D accumulator.

2

INDEX REGISTER X (IX) '

" The 18-bit IX regrster 1s used dunng indexed modes of ad-

' dressing It provdesas 16-bit indexing value which may be
added 1O an 8-bit offset provided In an Instruttion 1o create
an efiective ‘sddress The (X register can also be used 3s 8
countar or a3 8 tomoorgv storage area,

\\moat arsTen v v ‘

Ttte 16-tet 1Y reQrstgr 13 also used during indexed modes of
addressing smular 1o the l)fngmcr. however, most instruc.
fions using the 1Y registif, require an extra byte of machine
coda and a cycle of execution ime since they sre two byte
opcodes The |Y register can also be used as 8 counter of as
8 temporary storsge in the same manner as the IX register.

STACK POINTER (SP) ©

The stack'pointer (SP) is 8 18-bit register that Contains the
address of the next free locstion on the stack. The stack is
configured as » ssquence of last-in-first-out reed/write
registers wiuch aliow ifmportant data 10 be stored during in-
wrrupts and subroutine calis. Each time 8 new byte s added
%0 the stack (s push), the SP 13 decremented; wheress,.ssch

. tme 2 by is removed from the stack (» pull) the SP 18 in-
cremented The address conlained in the SP aiso ndicates
the location at wiuch the accumulstors (A and B, IX, and IY
Gen be stored dunng Cenan INStruCLons

<

PROGRAM COUNTER (PC)
The program counter is a 16-bit register that contans the
address of the next instruction 10 be executed.

L

CONDITION CODE REGISTER (CCR)

The concktion code register is an B-txt regester in whnch o,

each bit signifies the results of the instruction just exdcuted
These bits can be indwidually tested by & program and, 8
specihic action can be tsken as a result of the test. Each m-
dividual contililon code register bit 15 explamed beiow

Corry/Borrow (C)
The C bit 15 set if there was a carry o borrow out of the

anthmenc logic unit (ALUI dunng the st anthmetic opera- .

tion The C Ditis aiso stiecied during shilt and rotate mstruc-
tions.
. . «
Owrftow {v)

The overfiow bit is set il there was an anthmetic overflow
8s 3 result of the operation; otherwse, thg V bit 1s cleared

- - b

Zero (2) . .

The zero i is 98t if the result of the last anthmeuc, logic,
ot data mampulation was zero; otherwrse, the 2 bit 15
cleared

Negative {(N) .

The negative bil 1s set if the resuit of the last sfithmetic,
logic, or dsta mampulauion was negative (b7 of result equal
10 8 logic one); otherwrse, the N bit 15 cleared \

t interrupt Mask (1) .

The | interrupt mask bit 1s set either by haroware or pro-
gram instruction 0 disable (mask) all maskabie interrupt
sources (both external and internall '

Half Carry (H)

v The half carry bit 15 set to a logic one when a carry occurs
between bets 3 and 4 of the anthmeuc logiC unit dunng an
AOD, ABA, or ADC instruction, otherwise, the H bit 15
cleared.

X inmerrupt Mask (X)

The X nterrupt mask bit is set only by hardware (Reset or
XIRQ), and 1t is cieared only by program mstruction (TAP or
RTI).

Stop Disable (

The stop bit is set to disable the STOP instruction,
and cleared 10 enable the STOP instruction. The S bit 18 pro-
gram controlled. The STOP instruction is trested as no
operation INOP) if the S bit is set.

FUNCTIONAL PIN DESCRIPTION

[N

The below pin descriptions do not include the 1/0 ports.

- They are discussed separatsly under INPUT/OUTPUT

PORTS.
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Vvpp AND Vgs 4
Power is supphed 1o the MCSBHC11A4 using these two

pins. VDD s power mput (+5 V] and VgS s the power
retum path. N

RESET

This active low br-directional conteo! pin 1s uséd as an in-
put to ivtiahze the MCEBHC11A4 to a known start-up state,
and as an open-drain output to incicate an nternal failure

has been detected in erther the ciock monitgr or computer
operating properly (COP} circunt.

XTAL, EXTAL .
These two inputs prowvide for an interface with aither a

crystal input or 8 CMOS compaubie clock to, control the:

'MCBBHC11A4 internal clock generator circuntry  The fre-
quency apphed 10 these pins should be four imes the desired
interngl clock rate since an internal Givide-by-four circunt
determines the aclual E-clock rate When 8 crystal is used, a

+ 25 picotarad capacitor should be connecled between Vgg

and each of these two pins (XTAL and EXTAL), however, if
8 CMOS compatible external clock 1s used, the signal should
be connected 10 the EXTAL pin and the XTAL pin should be
ieft disconnected.

E’ /‘j

The E pin provides an output for the nternally generaied
E-clock which can be used as a8 timing reference The fre-
quency of the E output is attuslly one fourth that of the input
trequency at the XTAL and EXTAL pins. in general when the
E pin is low. an internal process s taking place and, when
hugh, data ts being accessed. This cutput becomes nactive
dunng the power-saving wail mode if the MCBBHC11A4 15
operati in the sngle~-chip or boQtstrap modes (see
MODA’/‘&E MODB/Vpp description below).

Lo}

The RO pin provides a3 means for requestng ssyn-
chronous mierrupts to the MCBBHC11A4. The TRT interrupt
iNput is program selectable with 8 choice of either negative
edge-sensitive or level-sensitive tnggening. The TRQ interrupt
inpul 15 siways configured 10 level-sensitive tnggering dunng
reset. The IRG pin requires an external resistor to Vpp. The
MCU completes the current ihstruction before responding to
an mterrupt request on the TRQ pin,

11 TRO 13 low and the mterrupt mask bit {1 bit) 1n the condi-
uon code register s clear, the MCL! begins an interrupt se-
quence at the and of the current instruction.

XiRa
The XIRQ pin provdes a mesns for requesting asyn-
maskable intesrrupts to the MCBBHC11AA,
ather a power-on reset. During reset (inciuding power-on
reset], the X bit in the conditon code regisier is set and the
XTRQ interrupt is masked 10 preciude interrupts on this fine
until MCU operation is stabilized. The X bit may then be
Clesred by program contro! (using the transier accumuistor
A instruction, TAP), however, the X bit can be set sgain
by reset or by recognition of 8 hardware interrupt.
Once the X bit in the condition code regsier is Cleared, an in-
terrupt on the XTRQ pin will be serviced as soon as the MCU

the current instruchion When an XIRD interrupt s

. on-Chip hardware automgtcslly sets the X bit
The X bit can be clesred either as part of interrupt routine by
the TAP instruction (nested Interruptl_or by the retumn trom
interrupt instruction. The pin requires an externa!
resistor to Vpp.

The XTRT input may aiso be used 10 return the MCU to
normal operation {rom the low-power $10p mode by applying
8 low leve! 10 the XTAT pin. If the X it in the condition code
regisier 1 cieared and the MCU 1 1n the siop . Slowin
put on the XTRQ brings the MCU out of the stop mode and
Operalon resmes with the stacking operation leading tc
service of the XTRU request It the X bit is set and the MCU
n the siop mode, a low nput on the XTRY brings the MCU
out of the stop mode and operation resumes with the pro

gram mnstruction tollowing the STOP insiruction

MODA/LIR, MODB/Vpp

These pins have shernate functiiohs, MODA and MODB
controliing one funcion, Vpp controling an ahernaie tunc
uon, snd LIR used for an alternate tunction

MODA, MODS

..Dunng reset these two pins are used to contro! the two
basic operating modes of the MCBBHC11A4 plus two specws!
opersting modes The modes versus MODA snd MODB i
puts are shown in the table beiow

¢

P
A

MODS MODA Mode Selecwd
VoD 0 Singie-Chup (Mods 01
vpb 1 Expanced Muluplesed (Moae 1
] 0 Specisl Bootstrap ¥
] 1 Specis! Test
Tm i Hm
.O= Logkc Low

#=14/Times'Vpp (01 Higher!,

Vep

In addition to the MODA tunction: the MODA/Vpp pin 18
also used 10 supply the programming voltage 101 programm:
ng the internal EEPROM. Changing the voitage . apphed 10
thus pen after reset has no affect on mode selection

m [

in addivon to the MODA function, the MODA/[TR pin
provides an output 23 an & i GebugoINg ONOe reset s Com-
pieted. The LIR, ot goes 1o an active-low during the first

E-clock cycls of mstructon and remans low for the
duration of that lopcode fetch). Some MCBBHC11AA
0pCOCes 818 two cutrve bytes long including 8 page 2

(PG2), page 3 (PG3), or page 4 (PG4} prebyte. For these -
structions LIR goes low 1or only the first (prebyte) opcode
byte tetch. -

NOTE
_ The TTR output will not go low for a1 least two E-clock
cycies stier seset because of the resel vector fetch

’ |
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VREFL VREFH . ,
These two pins prowvide the reference voltage ior the

#nslog-10-chital converter,

R/W/STRS -,

Tius pen provides two different functions depending on the
opersting mode In singie-chip mode the pin provides the
STRB (output strobe) function snd in the expended mulu-
plexed mode it provides the R/W (read-writel funcuon.

in the smgle-chip mode the STRB pin acts as a program-
fhable strobe. This strobe can 8isO be used 10 provide 8 data
scknowiedge (handshake! to a paraliel {/Q device.

In the expanded multiplexed mode the R/W (resd/wnite) is
used 10 control the direction of transters on the external data
bus A low lewl (wnita) on the R/W pin snables the data bus
output drivers 10 the external data bus A high level (read) on
thus pin forces the output dnivers to a high-impedance state
and dats s read from the external bus.

X

AS/STRA

This pin provides two ditterent tunclions depending on the
opersung mode Ip single-chip mode, the pin provides the
STRA (input strobe) funclion and in the expandad mult-
plexed mode it provides the AS (address strobe) functon.

in the single-ctip mode, the STRA pin acts as a ‘Progiam-
mabie input strobe This input is alsc usec with STRB and
port C tor {ull handshake modes of paraliel I/0

in the expanded multipiexed mode the AS (address

strobs) output may be used (o demultiplex the address and
data signats st port C. .

INPUT/OUTPUT PORTS

- f‘ )
Thers sre five 8-bit ports on the MCBBHC11A4 MCU. All of
these ports serve morl than one purpose depending on the
mode configuration of the MCU. A summary of the pins ver-
" sus lunction snd mode rs providec in Table | and discussed
in the foliowing paragraphs. Becsuse the port funcuons sre
controlied by the psrticulsr mode salected, each port s

discussed tor its functionis) dunng the mode of operation.

SINGLE-CHIP MODE

in the smngle-chip mode the MCBBHC11A4 funclons as &
monolithic microcomputer without external address or data
buses. In this mode, four of these ports (A, B, C, D) sre con-
figured as peratiel 1/0 dats ports. Port E can be used for
penersl purpose Static inputs and/ or anslog-10-digitsl con-
verter channel inputs. .

Port A

" in ol opersting modes {inCiuding thtsmqbctwmodd
port A may be ccrifigured for: three mput capture functons
M1, 12, 1C3), four output compere tunctions (OC2, OC3,
OCA4, OCS), and » putse accumuistor input (PAI or & fitth
output compars funchon (OC1).

«

¢

Each of the input capiure pins provide for 8 transitions! in-

-put which is used 1o latch 8 timer velus into a 16-bit resd-

onlvqpnw(mnamunm) The veiue latched by an
npul Capture corresponds 10 the value of the free running
counter which is.part ot the timer system. Extems! devices
provide the transitional inputs and internal decoders deter-
rrene winch mput transition edge (rising, falling, or either) 1s
sensed. .

Each of the output! compers pins provde for an outpul
whenever 8 match is made between the velue in the free-
runming counter (in the tirmer systemn) and a value loaded into
the perticuiar 16-bit output compare register. The outputs
can be used externaily to indhcate ttuneormnpenodof
e has elapsed.

WhenponAm7(PA7)hconhgunduapuhuccumu
lator input {PAI), the extermal input pulses are apphed 10 &' ~
puise accumuiator regesier within the MOBBHC11A4.

Each port A pin that is not used for its siternas timer func-
won, as described above, mvbamodunmmlpurpoae
1nput or output kine.

Port B
lnthesmpbdupmode all of the port B pins are general
purpose cutput pins. Dunng MCU resd cycles the levels
sensed 8 the input side of the port B output drvers 1s read.
Port B may aiso be used in a simpile strobed output mode
where the STRAB {port D bit 7} pulses sach ume port B 13
written.

Ponn C
In tha single-ctup mode, all port C pins sre general purpose
input/output pins. Port C inputs can be latched by the STRA
wut (st port D bt 6). Port C may aiso be used ip full hand-
e modes of paraliel 1/0 where the STRA input and
STRB output act as handshekes control lines.

Port O

in ﬂnﬁnﬁ;dinn\odepon D bxs 05 m-ybe’usod for
general I/0 or with the serial communrucations intertace {SCl)
and serisl periphers! intertace (SPI) subsystems. Bits 6 and 7
are used as handshake contiol signals tor ports B and C.

Bit 0 is the receive dats nput (RxD) fofmemwlcom
maunication interface (SCI).

Bit 1 is the transmit dats output (TxD! for the SCI.

Bits 2 through 5 sre dechcated to the seridl peripheral inter-
tace (SPH. Bit 2 is the masier-in-siave-out IMISO) line; this
Pin is an input,when the SPi is configured a3 8 mastet device
and an output when configured as a siave device. Bit 3 is the
master-out-siave-in (MOSI) line; this pin is an output when
the SPi is configured as & master devics and an input when

. configured a8 a siave device. Bit 4 is the serisl clock (SCK)

and is an output when the SP is configured as & master snd
an input when configured as 8 siave devics. Bit 5 is the slave
select (55) input which receives sn active low signal to
enable a siave device 10 acoept SPI data.

Bit6 {STRA) and 7 {STRB) are discussed m FUNCTIONAL
PIN DESCRIPTION.
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TABLE 1 — PORT SIGNAL SUMMARY -
Single-Chip Expanted Multiplesed ,
-’ Pon-Bit Modes 0 ind Bootstrap Mode Mode 1 and Special Test Mode
A0 2 PAD/ICI PADICI ' i
A PAV/IC2 PAV/IC2
A2 PA2/1CY PA2/1CY
A3 PA3/0CS/and-or OCY PA3/0CS/end-or OC1
A4 PA4/QCA/ anvd-or O PA4/0OCA/ang-or OCY
AD PAS/OC/eng-or OC1 PAS/0CI/and-or OCY
A6 PAS/0C2/snd-or OC1 PAB/OC2/end-or OCY * ®
A? PA2/PAI/ end-ar OC1 PA?/PAI/and-or OCY
” 8-0 P80 AB .
81 PBY - A9 oo
B.2 -~ ' PB2 A1D
8-3 P83 AlY
) B4 PB4 A12
§> B5 . PBS A13
/ ° B-6 PB6 Al
8.7 PB? AYS R , .
c-0 PCO AD/DO . -
c PCt AV DY :
(o PC2 _A2D2 . . .
B o] PC3, A3/D3 . .
C4 ., PCA aa/D4
c5 P PCS A5/ D5
L cs PCB ABNDE .
(o] PC? A2/07
D0 PDO/RxD PDO/RxD 4
. D41 - PDV/TxD PD1/1xD
02 - 2/MISO . .PD2/WMISO
D-3 MOS! PD3/MOS!
D4 PD4/SCK , PDA/SCK ’
05 PD5/SS PD5/SS ’ ‘
D6 STRA AS
- D-7 " STRB. R/W
€0 PEO/ AND PEOC/ ANO
LB PE1/ANY PEV/ANI
E-2 PER/AN2 PE2/AN2 R
€3 . PEI/AND PE3/ANI
E4 PE4/ANA #4 PEa/ANA 11
E5 - PES/ANS #4 PES/ANG £/
] PES/ANS #f PES/ ANS #1
€7 PE7/AN? 84 PE?/AN? 2t i
I’y nollbonow in 48-pin venauons ,
/
& X - e
N 4 L
Port E 10l8) address space includes the on-chep - 90

in sl opersting Mmodes (including the single-chip mode),
port £ is used for general purpose static inputs and/or
analog-to-digital (A7D) channel inputs. Port E should not be
reed 33 Satic iNputs while sn A/D conversion is actusily tak-
ing pisce. .

. ' NOTE
.On 48-pin packaged versions of the MCBBHC11A4, the
four mast significant bits of port E are not connecied
10 pins. ‘ "
EXPANDED MULTIPLEXED MODE

”

in the expended multipiexed mode, the MCOBHC11A4 has .

the capebility of scoessing 8 84K byte sddress space. The

Port A

gress as for single-Chup mode pius exiemal \periphersl
devices. In thus mode ports B, C/and bits 6 and 7)of port D
sre configured as 8 MemOry expansion bus. /

in all operating modes (including the expsnded muit-
plexed mode), port A may be configured for thwes input
capture tunctions (IC1, IC2, ICII, four output compare func-
tions (0C2; OC3. OC4, 0CS5), and » puise sccumulstor input
{PA) or 8 tifth output compsre functon (OCI).

Each of the iInput capture pina provide for » transitionsl In-
put wiuch is used 10 istch 8 timer value into & 16-bit resd-
mwtmupamw:.frmmwg-i
input caplure cofresponds 10 the value of 3 free running
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a
counter wivch is part of the timer system. Extemnal devices
provide the transitonsl nputs end miermal decoders deter-
mine which input Uransibon edge (rismg, falng, or either) 5
sensed. '

Each of the outpul compasre pins provide for an output
whenever 8 is made between the vaiue in the free run-
ning counter (in the umer sysiem! and a value loaded Mo
the particular 16-bit output compsre register. The outpuls
can be used externslly to mdncale that 2 certain penod of
ume has sispsed.

When port A pin 7 (PA7) is configured as a pulse accumu-
lator input [PAI}, the external iInput pulses are apphed 10 &
pulse accumulator register within the MCEBHC11A4

Each port A pin that 1s not used for its alternate timer tunc-
tion ss described sbove, mybemedasagenofalpurpose
nput or output hne

Port 8

In the expanded multiplexed mode, all of the port B pins
act as high order address pulput pins. Dunng each MCU
cycie, bits 8 through 15 of the address are output on the
PBO-PB7 lines respectively.

Port C

In the expanded mulupiexed mode, all port C pins are con-
figured as multipiexed address/ dsta pins. Dunng the address
poruon of ssch MCU cycie. bits 0 through 7 of the address
sre output on the PCO-PC7 ines Duning the data portion of
ssch MCU cycle (E highl, bits-0 through 7 (DO-D7) are
bidirectional data pins controlied by the R/W signal. '

Port D

In the expanded mulliplexed mode port D bits 0-5 may be
used f 1 170 or with the senal communications inter-
tace (SCI) and senal peripheral interface (SPI) subsystems.
Bits 6 7 act as expansion bus control lines AS and R/W
respectively.

Bit 0 is the recerve data input (RxD) for the senal com-
munications mnterface (SCI).

8it 1 is the transmit data output {TxD} tor the SCI.

Bits 2 through 5 are dedicated to the serial peripheral inter-
face {SPI). Bit 2 13 the master-in-siave-out (MISO) hne; thris
pin is an mput when the SP1 1s configured master device
and an output when configured as a siave device Bit 318 the
master-out-siave-1n (MOS1) hne, this pin is an output when
the SP! 1 configured a3 3 master device and an input when
configured 83 8 siave device Bit 4 15 the sensl clock (SCK)
and 13 an output when the SPI 1s configured as 8 master and
an input when configured as a slave dewice. Bit 5 is the slave
seiect (53} input which receves an actve low signal 10
ensbile » siave device to accept SPI data.

Bit 6 (AS) and 7 (R/W) are discussed in FUNCTIONAL
PIN DESCRIPTION.

Pont E

in sl operating modes lLincluding the upandod multi-
piexed mode), port £ 15 used for general purpose static in-
puts and/or analog-to-digital (A/D) channel inputs. Pon E
should not be read a3 sLIC INpuls while an A/D conversion
is actually taking place.

NOTE
On 48 pin packaged versions of the MCBBHC11A4, the
four most significant brts of port E are not connected
to pns.

BOOTSTRAP MODE .
in the bootstrap mode all I/0 port pins function the ssme

" as in the single-chup mode. Operationa! ditlerences sre

discussed in OPERATING MODES.

TEST MODE - Y

in the 1est mode all 1/O pont pms function the same as Ir
the expanded mulupiexed mode. Operationsl differences sre
discussed in OPERATING MODES.

INTERRUPTS

The MCBBHC11A4 MCU mterrupts can be generated by
any of four different basic methods: (1) by pressnung the ap-
propriste external signal; (2) by enabling mterrupts trom the
programmable umer OUtput COMPae Of INDUt captlure, serial
communcetion interface. senal penpheral interface tmer
overfiow, pulse accumulstor, or parallel 170; (3) by executing
a software mterrupt (SWII mstruction; or (4) by detection of
an iflegal opcode.

The program may also be interrupted by: (1} detection of 8
tmeout in the computer operating properly (COPI circunt, (2)
clock monitor detects toss of the E-clock or a iow frequency

© E-clock, of (3) by » reset. The sbove three mathods of inter-

upting the program result in fetching 8 reset vector rather
thon an interrupt vector; howevet, they do interrupt the .
program.

When an external of internal {harGware) interrup! occurs,
the interrupt s not serviced until the current instruction be-
ing executed is compieted. Until the curren) instruction s
compisie, the imterrupt is considered pendmg. After compie-
ton of current mnstruction execution, unmasked mterrupts
may be serviced in accordance with an estabkshed fixed
hardware pnority circuit; however, one | bit related interrupt
source may be elevated to the tughest | bit priotity position n
the circunt j

Seventeen hbrdware interrupts and one software interrudt
(excluding reset type mnterruptsi can be genérated from all of
the possible sources. The interrupts can be divided Into two
basic categones, maskable and non-maskable. In the
MCBBHC11A4 fitteen of the interrupts can be masked using
the condition code regwter | bit. In addition 10 bBeing
maskabie by the | bit in the conditon code register, all of the
on-chip interrupt sources are individually maskable by con-
trol bits. The software interrupt (SWI instruction] s a non-
maskable nstruction rather than a. masksble interrupt
source. The last interrupt (externs! input 10 the XIRQ pin} 18
considered 83 a non-maskable interrupt becsuse: once
ensbled, it cannot be masked by software; however it 18
mskoddumgmothonmuptonninhrruptanho
me pn. Table 2 provides & kst of each interrupt, nts vector
iocation m ROM, and the actual condition code register bit
that masks it. A discussion of the vanous interrupts is pro-
vided below.
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TABLE 2 — INTERRUPT VECTOR ASSIGNMENTS

I

Vector Mashed
Address Srmrrupt Source | 47
FF'CO, Ci Rurv.d -
[ (
FFD4, D5 Reserved -
FFDE, D7 SCI Senal System 1 8un
FFD8, D9 SPiI Sena! Transter C. 1B
. FFOA, DB Puise Accumulator input E 1 8
FFOC, DD "Pulse Accumutator Overtiow 1 81t
FFDE, DF Timer Overfiow t B
* FFEQ, Bt Twmer Output Compare § 1 Bnt
-~ FFE2, B3 Twrer Output Compere 4 | Bn
FFE4, ES Tiner Output Compere 3 © 1B
o FFES, E7 Twner Output Compate 2 | Bny
FFEB, E9 Tirer Output Compare 1 1 8ot
FFEA, EB Timer Input Capture 3 — L Bn
FFEC. ED ~ | Twmer input Capture 2 | Bn
, FFEE, EF Twner input Capture ! -1 .
’ FFFO, F1 Real Time Interrupt 1 8n
FFF2, F3 TRG (External Pin or Pataket 1/0) 1 81t
FFR4, F5 XIKO Pm (Pseudo Non-maskabie Interrupt) X Bnt
FFF8, F7 Swi Nohe
" FFFB, F§ Inegal Op-Code Trap * None
FFFA, FB COP Failure (Reset! None R
FFFC, FD COP Clock Monitor Fadt {Reset) None
FFFE, FF AESETY - None.

TIMER INTERRUPTS

The tmer system provides nine of the fhiftesn interrupt
possibilives: frve outpul compare interrupts, three 1nput cap-
ture mterrupts, and 3 trmer overflow interrupt.

The timer contans five 16-bit Qutput compare registers
which are program controlied and may be loaded with a
number between $0000-$FFFF, The vaiue in each output
compare register is then compared 10 a 16-bit comparator,
which is loaded trom the timer free running ‘counter, during
esch clock cycle. |f 8 match is found betwesn 16-bit
COMPSIator vaiue snd the output Compare register value, the
cofresponding output compare flag is set. When the output
compere fiagQ is set, 8 corresponding output compare inter-
rupt may be generated and/or an eaternal outputl may be
generated a1 the corresponding port A pinis). Port A outputs
PA3 through PA7 sre used 8s output pins for output com-
pare functons OC! through OCS.

in sddition to the five output interrupts, the timer
siso provides for thres input m@n The tmer

containg 16-bit lstch registers which sre used o latch
the velus Ot the free running counter (in the timer) when an.
input dge is applied 10 the corresponding PAD-PA2
pin. The of the tree running counter is latched into the

corresponding input cspturs register and an imernal inter-
rup! mey be generated. The interrupt routine can then read
the storege register and determing the tims 8t which the in- -
put cepture wes detecied.

The timer mey 8iso provids sn interrupt when the free run-
mmwwmhnim\nOFFFF 10 90000 Tovertiow).

The 16-bit free runming counter repssts this change once (o
every 65,536 inputs from & prescaler circuit. The prescaler |
programmable for either dnvide-by-1, dvide-by-4, dmide
by-8. or divide-by-16 of the MCU E-clock. Thus,' th
prescaler extends the acufal range of the free runnmy
counter and the tme betwesn Umer overfiow interrupts fron
216 10 2256 E-clock iriputs 10 the prescaler

REAL TIME INTERRUPTS

The resl time interrup! is 8 maskable interTupt that occur
periodicatly 8t a rawe of E/213, £/2'4, £/215, or £/216.

EXTERNAL INTERRUPTS )

Twocxumnlhm?gtosuowwnomm-m
the XIRU pins. The TRO mterrupt-is & maskable misrrup
while the XTRT interrupt is considered a non-maskable inter
rupt; however, the XTRU intertupt & mesked dunng rese
ond immedistely following receipt of an imerup
signal. These interrupts are controlied by the | and X bits i
the condition code register a3 diacusesd in CENTRAL PRO
CEESING UNIT. -

SOFTWARE INTERRUPT (8W1)

The software interrupt is exscuted the sems as any othe
instruction snd will take precedence Over interrupts only
the Other inwrrupts. are masked (| and X bits in the conditior
code register set). The SW1 instruction is sxsouted similer 10
other masiable imerrupts in that it sets the | bit, CPU
regisiers are stacked, etc.
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NOTE
Thoswnmwcﬁonmtbemavodnwu
snother interrupt is pending’ execution. However,

once it is fetched no other mterrupt can be honored
umiltmhm mstruction 1n the SWI mrouui;\e is

SERIAL PERIPHERAL INTERFAQE (SP1) INTERRUPT

A serisl peniphersl interface (SPI) interrupt 1s generated
when s senisl daw transfer between the MCEBHC11A4 and
an exiernasl dewvice has been compieted This interrupt s
masked if the condition code register | bit is set

SERIAL COMMUNICATIONS INTERFACE (SCI) .
INTERRUPT ‘

A serist communcations interfece (SCH interrupt 15
penecated if any one of the following occurs in the SCt:

1. Tranamit dats register 18 empty

2. Transemigsion of data 1s complete

3. Receive data nﬁmer 1s full or an overflow occurred in

the receive dats ver » 2
-4, (Ole kne detecied by receiver

The SCl interrupt 15 masked if the condmon code register |

bit is set.
. e

PULSE ACCUMULATOR INTERRUPT

The pulse accumuiator contams an B-bit counter which is
program controlled to either count nput puises (event
counting) at PA7 or 10 count internal E/64 clocks subgsct to
an ensabie signal st PA7 igated ume accumuistion). When
the counter has an overflow from $FF 10 $00 a pulse ac-
cumulator overtiow interrupt 1s generated provided the | bit
in the condition code register 1s clear

When the input to the pulse accumulator s 8 gate input at
PA7 for counting intemal E/64 clocks, the trailing edge of
the gate signal (end of counting Cycie) Can generate an inter-
rupl. This pulse acCumulator 1NPutl edge intersupt s
penerated provided the | bit in the condiion code register 1S

ciear. Refer 10 PULSE ACCUMULATOR for more
information.
PARALLEL 1/0 INTERRUPT

The peraliel 1/D subsystem can te an nterrupt

wiuch uses the seme vector as the interrupt. The pur-
pose of sharing the TRT vector is 10 aliow external emulation
ol the parstiel /0 subsystem in expanded mulupiexed
modes. .

'

RESETS

The MCEBHC11A4 MCU has four types of reset:
an active low externsl reset pin ( ). & power-on reset
function, a comouter operating property (COP) wat
timer reset, and 8 clock monitor reset.

NESET Py

The RESET pin is used 10 reset the MCU toprov-dun
orderly sottware startup procedure. TO requaest an externs!
reoet, the pin must be heid low for eight Ecyc (two
Emnnmnumumnotmod) -

’

-

POWER-ON RESET

Tmpmmmmmmcpmmmm
detectad on VDD. The power-or reset is used strictly fo
power tum-on conditions and should not be used 1o detec
sny crops in power supply voitage. There is no provision fo
power-Gown reset. If the external pin is low at th. /
end Of the power-on Gelay time, the PrOCERSOr remans in th/
rese1 conchion until RESET goes tegh. /

/
COMPUTER OPERATING PROPERLY (COP) RES;T

The MCBBHC11A4 MCU contans a watchdog timef whic!
will time itset! out if not resst within a specific tme by a pre
gram reset sequence. It for sny resson the COP waichdo
umer 3 aiowed to trisout. it generates an MC ‘tesut whict
18 functionally similsr to puling the RESET pirl low.

A control bit, which is implementad in an EEPROM cell 0
the system configuration register, is L6d 10 enable (o
disable) the COP reset function. When tfus bit is clear, m
COP reset function is drsabled; if set, the COP reset’ r
enabled. /7

CLOCK MONITOR RESET ! -

The MCEBHCY1A4 MCU com‘ms 8 clock monitor circut
which measures the E-clock mput frequency. tf the E cloch
input rate s tegh enough, then the ciock monitor does no
tume oul. However, il the £ clock sighgl is lost, or its fre
quency tatls betow 200 k’&, than an MC { 15 generatec
which 18 functionally similar 10 pulling t pin low.

A read-wnile comrél bit, whuch is mplememed in the

© system eonhguranon opuons Tegister, is used 10 #nable {0

disable) thedod:momlormot When this bit is clear, the
clock monitor reset luncuomsdsabbd when set, the clock

_ momtor rese! y enabled.

c

STOP AND WAIT

The MCOBHC11A4 MCU contams two programmable low
power opersting modes; 310p and wail. In the wait mode
the on-chip oscillator remams active topether with othe
tunctions discussed below. in the stop mode, all clocks n
cludipg the crysial oscillator are stopped.

WA! (WAIT) INSTRUCTION

It 8
The WAI mu'ucnonplloatthCGBHCHM MCU in ¢
low power consumption (wait) moda. In the wait made, the
internal clock remains active, and the MCU enters one ot
four ditierent variations of the wait mode. Thess vanstions,
which depend upon the | bit in the condition register anc
whaether or not the COP circuit is required in the system, in
clude: (1) only the CPU 1umed off; (2} CPU and the E cloc!
output bufler turned off; (3) CPU and timer system turne:
oft; or (4) CPU, E output, and timer system sl off. . * .
During the weit mode, the CPU regisiers are stacked arx
procassing s suspended until a quakified interrupt &
detected. The actusl quekfied interrupt type is dependen
upon which of the weit mode varistions is selected. Th
qualinied interTuptis) required to bring'the MCU out of the
wait mode for gech 0Of the wait mode varistions is shown
below. in oft cases, resst brings the MCU out of the wait
mode; however, as in all resets, the sysiem is resst and the
mnofMCUomnuonodmm-mdbynnmotvactor

1




«

- 103 -
, )
Walt Mode Veriation . Quislified imerrupt
Only CPU Tumea Off | TRG, XIRG. Any tnternal
Interrupt ¢
CPU and £ Clock Output 1RQ. XIRQ, Any interna!
Butfers Turmed Off inmerrupt
CPU and Twmer Syswem . XI
Turned OH
CPU. E Clock Output G, KRG
Butiers, and Timer’
Svstern Tumed Oftt

STOP INSTRUCTION ’

The STOP instruction places the MCOBHC11A4 MCU in its
lowsst power consumption mode provided the S bit in the
condiuon code register is clear. In the stop mode all tiocks
incluting the internal oscillator are stopped, causing all nter-
na! processing 10 be haited. To exit the stop mode and
resume normal processing, 8 low level must be apphed to
one of the externat intetrupt pins (IRT or XIRQI or to the
RESET pin 1 an external interrupt s used at the TR input, 1t
15 only effective if the | bit in the condihon code register 1s
Clear. It sn external nterrupt is apphed at the XTRG nput, the
MCU exits from the 816p mode regsrdiess of the state of the
X bit in condition code register; however, the actual recovery
sequence differs depending on the X bit. it the X hit is clear,
the MCU starts up with the stacking sequénce eading to
normal service of the XIRQ request. I the X bit is set, then

ocessing will continue with the Insrucuon wnmediately

ing the STOP instruction and no XTRT mterrupt ser-

viCe Touune is requested. As m the wait mode, a low input to,

the RESET pin will aiways result in an exit from the stop

mode and the siart pf MCU operation 1s deterrmened by the

reset vactor. v

Since the oscillator s stopped in the stop mode, a restart
delay may be required 1o allow for oscillator stabihization

when exiting from the stop mode: If the mternal oscillator s

bexng used, this delay is required; however, if a stable exter-
nat oscillator 1s being used, a control bit within the MCU may
be used (cieared) to bypass the delay. If the ‘deiay bypass
control bit is clesr then the pin would not normaity be
used for_exitng the S10p mode I this case, the reset se-

Quence sets the delay control brt and the restart delay will be |

PROGRAMMABLE TIMER SYSTEM

The umer systern. in the MCBBHC11A4 uses » “ume-of-
day” approach in'that sil-timing functions sre related to »
single 16-bit free running counter. The free running counter
is clocked by the output of.s programmabie prescaler (divide-
by-1, 4, 8, or 18) which is in tum clocked by the MCU. E
clock. Functions available within the MCGBHC1 1A4 timer in-
clude: thres input capture functions and five output compare
functions. ; )

The capgbilities of the progremmable umer sre oblained
using the following registers: .

1. Preaceier (Givide-by-1, 4, 8, or 16)

2. Free Running Counter (16-bit)

+

" disconi

v

3. input Capture (three 16-bit‘registers) )
4 Output Compare (fve 16-Dit repisters)
5. Main Timer Control &r'gd Status Registers

PRESCALER AND FREE RUNNING COUNTER

The key slement in the Lmer system is 3 16-txt tree running
counter with its associeted programmabie prescaler (dwnde
by-1, 4, B, or 16). The free running counter is clooked by thw
output of the prescaler winch 18 in turn clocked by the
ciock. The fres runreng counter cen be resd by software 8t
sny me ythout attecung its velue since it 13 clocked anc
res0 on opposits hall cycles of the MPU E clock. The fres
running counter s clesred to $0000 dunng reset and s ¢
resd-only regster {except n the test or bootstrap Mook
where thus festure 1 used In factory tesung) .

The 16-bit free runming counter repeats every 05,53
counts (prescaler output) snd whén the count changes trom
$FFFF to $0000 a timer overflow flag bit 15 set Setung the
tmer overflow tlag bit aiso generstél an interna! interrup!t |
the overfiow interrupt enabie bit 1s set.

Input CJnm Functions *
There sre thres separate 16-bit read-only input captun

registers which ate not sifscied by reset Each of ¢
registers 15 used 10 latch the vaive of the free yn “\
i

i

\

countar when 8 selected transtiion 8t an extemnal pin

detected. External Gevices prowvide ths inputs on the PACK

PA2 pins, and an interrupl can be generated when sn inpu
capiure edge 1s detacted The tirne of detection can bs res
from the approprate regisier as part of the interrup! routing

Output Compers Functions

There are five separate 18-bit read/write output compar:
registers which are iniuahized to $FFFF st reset The valu
wrnitien In1o the outputl compare register B compared 10 the
free runring counter value duning sach MCU E clock cycle |
a match s found between the two vaiues, the particular out
pul compare tiag bit 13 setl snd sn nterrupt i ganerated pro
vided thist perticuler mierrupt 15 ensbled

In adchtion 10 the interrupt, 8 specifed action may b
miuisied at & urner output pinis)  For OC1, the outpul actior
10 be weken, when a match i found, s controlied by 8 5-br!
mask regrister and 8 5-bit data register. The 5-bit mas
register specifies which timer port outputs are 10 be stecter
and the 5-bit data register specihies the dats 10 be placed o
the affected output pins  For OC2 theough OCS, one specific
umer output 15 éffected as controlied by four 2-bet helds i &
umer trol register Specihic actions inciude (1} ume

trom output ph RiC. (2) toggle Output compare

line, (31 clear output compare ine 10 re0, of (4] 38t outpu
e line 10 One :

«

. PULSE ACCUMULATOR

The pulse sccumuistor is an B-bit counier that can opersu
in either of two modes dependng on the state of » contrc
bit. These inciude the event counting mode or the gaed hm

*The pules sccumulstor contrgl regster containg four bit:
which snsbie snd configure the puise accumuistor system.

‘One bit ansbies the countar. One bit determmes whether the

v
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PA7/PAI pin wi¥ bs an input or an Outpul. A third bit
specifies the event counting mode ©or the gated tme
scoumulstion mode, and the fourth bit deterrmsnes wiech
sdge of the PAl input is the active one. The B-bit counter
counts from $00 to $FF and when it overfiows from $FF to
$00 & flag bit is set. This results in 8 hardware mterrupt pro-
vided the pulse sccumuistor overflow interrupt enabie bit is
sot.

in the event counting mode, the B-bit counter i clocked to
incressing veiues by an external (PAI) pin input (PA7). In the
gewd time sccumuiation mGte, the B-bit counter is clocked
10 increasing velues by the MCU E clock (drvided-by-84) pro-
vided the proper gating signal is applied to an external (PAI)
pin input (PAY).

SERIAL COMMUNICATIONS INTERFACE (SCI)

The sensl communications interface (SCI} sliows , the
MCBBHC11A4 10 be efficiently interfaced with peripheral
devices that require an asynchronous senial data format. The
SCI in the MCBBHC11A4 is prowided with a standard NRZ

format with a variety of bsud rates. The baud rate is derved

from the crystsl clock circuit and nterface with peripheral
devices is accomplished using port D pins  PDO for receive
data {RxD) and PD1 for transrut data (TxD).

BAUD RATE GENERATION

The actusl baud rste generation circuit contains 8 pro-
grammabie prescaler and divider which 1s clocked by the
MCU E glock. A programmable baud rate regster 15 used to
provide the various Giwde ratios used sn the baud rate
generator presceler and divider. This scheme of baud rate
generation allows for selection ol many different standard

bsud rawes, 8!l of which sre controlled by the crystal-
* oscillator.

DATA FORMAT
Receive dats (RxD) in or transmit data (TxD) out i3 the
serisl data which i presented batwsen the input pin (PDO!
and the internsl dats bus, snd between the internal data bus
and the output pin (PD1). The data format requires:
1. An idie line which 13 in the high state (logic one)pnor 10
transmission/ receplion of » message.
2. A start bit (logic zero) which 15 transmitied/ received
mdicating the start of a message.
3 Datws is transmitted and receved least-significant b
turst, -

4. A stop bit (logic one m the tenth or eleventh it pos:-

tion! indicates the byte 18 complete.

5. A bresk is defined as the’ transmission or recapuon of a

logic zero for some muitiple of the data format.

The deta format word length may consist of either ten or
sloven bits. Selection of tha word length is controlied by a
single bit in » control regster within the SCLI. If thes control
bit is clesr, the data contains 8 start bit, mght data bits, snd a
stop bit. If this control bit 13 set, there is 8 start bit, rene data
bits. and a stop bit.

hY

R

o ) «
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TRANSMIT OPERATION

The SCi transmitier includes 8 peraliel dats register and s
senal shift repister. This is referred t0 a3 8 double buffered
system in that besides the charactsr being shifved out serieh-
ly, snother characCler is siready waiting to be loaded into the
serial shift regester. The output of the transmit serial shift.
regesier is apphed 10 the TxD output pin (PD1) as long s &
transmit ensbie bit is set. .

RECEIVE OPERATION

Receive dats in (RxD) is seris] dats which is presented to
the input pin (PDO). An advenced data recovery scheme is
used 1o dstinguish valid data from notse in the serial data
stream. in thes manner the daws input can be selectively
ssmpied 10 detect receive data and then verify that the data
15 vahd. Dola is received in a serisl shift register snd s
transterred to 8 parafiel regisier a3 a compiete byts. This is
referred 10 23 8 double buiferad system in that besides the
character alreedy in the parsiiel register, another is being
shifted m senally.

Y

WAKE-UP FEATURE

The wake-up feature sliows a recerver(s) 10 “'slesp”” until d
specific action takes place. in a typical multiprocessor con-
figurauon, the software protocot will usually identity the ad-
dresseeis) at the beginnng of a message. This wake-up
festure stiows uninterssied MPUS 10 ignore sncoming
messages. The MCBBHC11A4 S5CI permuts this wake-up
festure by either of two methods: Khie kine wake-up or ad-
dress mark wake-up.

in 1die kne wake-up, 8l recervers wake up whenever an idie
hne is detected, however, if 8 receiver does not recognize its
address in the first frame of » message it may ignore the rest
of the message by mvoking the weke-up festure. In this
wake-up method, transmitter software must provide for the
required wie stnng between Consacutive Messages and pre-
vent 1t from occurnng withen Mmessages.

in the sddress mark weke-up, all serial frames consis! of
seven (or eight) information bits pius a most-significant bit
{MS B) which is used 10 indicate an address frame if the MSB
15 8 logic one. The first frame of sach message is an address
frame which wakes up all recervers in the system, All
recervers evaluate thus marked address trame 10 determing
which recewiris) the message 18 miended for. If a recever
deterrmuines that 8 message 1s not intended for it, it invokes
the recesver wake-up function so that no addiuonal program
overhead i1s required for the rest of the message.

INTERRUPT FLAGS

The serial communications interface (SCl) generates a
haroware interrupt (SCl interruptl whenever any one of
several 1iags i3 set and its corresponding interrupt erdpbie bit
is aiso.set. Thess fiags which are discussed below include:

1. Transmit Data register empty

2. Transmission compilete

3. idie kne detected

4. Receve data reguster full or overrun error detected.
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The transmit data register ampty (TDRE) bit 15 set to in-
dicate that the transmit paralist dats register contents have
been transferred 10 the transmit senal shutt register. 11 the
corresponding interrupt enable bit (transmut interrupt enable!
1s set then an SCI interrupt s generated.

The transmission compiete (TC) bit 15 set when the
transmutter no longer has any meaningiul information to
ransmut; i.e., o data in the senal shifter, no queued pre-
ambie, and no queued break. if the transmutter is enabled
when TC i1s set, the serial line will go 10ie {continuous mark).

The idie line detected NQLE) bit is set whenever a recewver
cetects a receiver idie ine | This could mdicate the end of a
message, the preambie 0f 2 new message, or resynchroniza-
tion with the transmitter [f the corresponding interrupt
enable bit {Kdie line interrupt enable) 15 set then an SCI inter-
rupt is genarated.

The receiver data register full lRDRF) bit is set whenever
the recerver sarial shift reg:ster contents are transterred to
the serial commumications data regrsier !f the corresponding
interrupt enabie bit {recerve interrupt enablel is set then an
SCI interrupt 13 generated.

The overrun error bit s set 10 indicate that the next byless

dy for transter from the recerve shitt register 10 the recewve
data regrster but that register is already full (RDRF bt setl.
Data transter is then intubited until the OR (overrun) bit s
cleared. As with the RDRF bit, an SCI interrupt is generated
if the corresponding interrupt enable bit 18 set.

_SERIAL PERIPHERAL INTERFACE

The sensl penpheral interface (SP1) aliows severs!
MCBBHCI1AA MCUs, or MCBBHC11A4 MCUs plus
periphersl devices, to be interconnected within a single
“’bisck box", on the same printed circuit board. In a sensl
periphers! intertace, the MOCBSHC11A4 provides such

tures as: )

® Full Duplex, Two, Three, or Four Wire Synchronous

‘“Transters -

® Master or Slave Operation

® interface Wrth Low Cost ““Dumb” Periphersis

@ interface With intelligent Peripherals on Master/ -

““Siave Basis '

® Four Programmabie Master Bit Rates

©® Programmabie Clock Polanty and Phase

® End of Transmession Interrupt Flag

® Wnite Collision Error Detection

® Master-Master Mode Fault Error Detection

. Four basic signal lines sre associsted with the SPI system.
These include 3 mester-out-sisve-in (MOSI) ine; & maser-in-
siave-out (MISO) kne; a serisl clock (SCK) line; and a sisve
select (53 kne. Two master-siave sysism configurations sre
shown in Figure 5 and the basic signais (MOSI, MISO SCK.
and 535) are described below.

MASTER OUT- SLAVE IN (MOSNH

The MOS! pin is configured as & dats output in & mester

(mode) devics and as » dats mput in 3 sisve (mode) device.

In this manner data s ransterred serilly from a master to 8
siave on this ine, Most igruficant Dit first, least sigmitican’
last

MASTER IN SLAVE OUT (MISO)

The MISO pin 13 conligured as an input in a master imode!
device and 83 an output in 8 sisve Imode! Jevice In thrr
manner Gata 1s transferred serally irom a slave 10  master or
this ing; most significant bt firs1, least significant last

»

SLAVE SELECT (53) \
The siave seiect (531 1s a fixed input which receves an s

+ tive low signal that is generated by » mulor device 10 enabic

siave dewvices to accep! data

SERIAL CLOCK (SCX) -

The sersl clock 15 used 10 synchronize the movement of
data both in and out of the dewvice through 1ts MOSI or MISC
pins The master and slave devices can exchangs s byte o.
nformation dunng » sequence of eight clock putses Thu
SCK s generated by the controling master device 8rx
becomes an input on all slave dewvices 10 synchronize siawvy
dsta transter

2

ANALQGTODIGWAL (A/D) CONVERTER

The MCG6BHC 1 1A4 contans sn B-channet, multiplexed m
pul, successive BPPOXIMBUON anslog-to-digital converte!
with sampis anid hoid. Two dedicaled pins (VREFL. VREFH-
sre provided io¢ the reference supply voltage inpul. Thest
cedicated pins are used instesd of the device power pins i€
increase accuracy of the A/D conversion.

The B-bit A/D conversions o the MCBBHC11A4 an
accurate to n + one LSB (£ % LSB quanuzing erro
and £ % knesnty error). Each conversion i &c
complshed in 50 MCU E clock cycies or less. An intarns

. control b sllows selection of an internal converson cloc!

oscilistor winch stiows the A/D to be used with very lov
MCU clock rates. A typical conversion cycle requires 25 1o &
mcrouoondsloeomo‘ﬂo

NOTE
in the 48-pin dual n-hne package, four conversion
channels arg not implemented. These mciude channels
four through seven

ADDRESSING MODES

Six addressing modes can be used 10 reference memory
they include: smmediats, cirect, extended, ndexed (wit
sither of two 16-bit index registers and sn 8-bit offset!’
inherent, and relstive. Some mstructions require an 8dd
vonel by before the opcode 10 sccommodats 8 Mulli-peg
opcode mag; this byte is calied 8 prebyte.

The following peragraphs provide 8 OesCripton of eac
addressing mode plus 8 discussion of the prebyie. in thes
descrplions the lerm eoffective address is used 10 INKICEW the
address in memory from which the srgument is feiched o
stored, or Irom winch execuion i to proosed.
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IMMEDIATE ADDRESSING

in the )immediate addressing mode, tha actual argumom 8
contained in, the byteis) immediately follomng the mnstruc-
tion where,.the number of bytes matches the size of the
register. These are two, three, or four (if prebyte is required)
byte ms!mctlons

¢ e =

s\

N,

DIRECT ADDRESSING )

In the direct addressing mode, the least significant byte of
the operand address 15 contained (n 8 single byte following
the opcode and the most significant byte 15 assumed 10 be
$00 Direct addressing sliows the user to access addresses
$0000 through SOOFF using two byle instructions and execu-
tion time 1s reduced by ehminatng the addiional memory ac-
cess In most applications, this 256-byte area is reserved for
frequently reterenced data These are ususlly two or three {if
prebyte 15 required) ‘byte instructions

EXTENDED ADDRESSING

In the extended addressing mode, the second and third
bytes tollowing the opcode contain the absolute address of
the operand These are three or four (if prebyte is required)
byte instructions one or two for the opcode and two lor the
effective address

INDEXED ADDRESSING

in the indexed addressing mode, one of the index registers

(X or Y) 15 used in calculaung thé eliective address In thus
case the afiective address s vanable and depends on two
factors: (1) the current contents o! the index register (X or Y}
being used, and (2 the B-bit unsigned oftsel contained in the

instrucuon. Thus ‘addressing mode aliows referencing any .

memory location in the 64K byte address space. These are
usually two oOr three (if prebyte is required) byte msuucuons
the opcode plus the B-bit offset

INHERENT ADDRESSING

In the inherent addressing mode, all of the information to '

execute the mnstruction s contained in the opcode. The

~

B

operands (it any) are registers and no memory reference 18
noumd These are usublly one Of two byte instructions.

neu'nv: ADDRESSING "

The relative addressing mode i3 used for branch instruc-
tons. Hf the.branch condition is true end contents ol the 8-bit
sugned byte tollowng the opcode (the offsetl 8 added 10 the
contents of the program counter to form the efiective
branch sddress. otherwise. control procesds 10 the next in-
strucuon. These are usually two byte instructions.

PREBYTE

in otoer 1o expand the number ol Nstrucuons used in the
MCBBHC11A4, a prebyte instruction has been added 1o cer-
wun instructions.  The instructions  atfected are ususlly
3330CcAle0 with index regrster Y. The opcode instructions
which do not require 8 prebyte could be considred as page |
of the oversll opcode map. The remarrung opcodes could be

_ considered as pages 2, 3. and 4 of the opcode map and

would require a prebyte, $18 for page 2. $1A for page 3, and
$CD for page 4 Refer 1o INSTRUCTION SUMMARY for
more detail.

INSTRUCTION SET ‘

The central processing unit (CPU) 1n the MCOBHC11A4 18

basically 8 proper exiens:on of the MCOB01 CPU in addition
to its abiity to execute all MGBOO and MBBO1 instructions, the
MCE8HC11A4 CPU has a paged operstion code (opcode!
map with 8 total of 81 new opcodes. Major functionsl adds-
uons nclude » second 16-bit mdex reguster (Y register), two
types of 16-by-16 diwvide nstrucuons, 8 STOP mstruction,
and bit maniputation instructions.

Tabie 3 shows all MCGBHC 11A4 mnstructions 1n ail possible ‘

addressing modes. For each instruction the operand con
struction s Shown as well a3 the towl number of machene
code bylss and execution time in CPU E-clock cycles Notes
are provided at the end of Tabile 3 whuch expiain the letters in
the Operand and Execution Time columns of some instruc:
tions,
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TABLE 3 — MCBSHC1IAM INSTRUCTIONS, ADORESSING MOOES, AND EXECUTION TIMES

Source Formis)

Addressing

Machine Coding
{Menadecirnel)

i

———

Operandis)

beovtion

i

ABA

L ABX

ABY

18

ADCA (opr)

"

f

18 i

ADCB (opr)

H

18 L

ADDA topt

L8

18 1

ADDB topr!

o> > PP PPlooco|> > > > >

ad

H
"

c3982228|nnagozesaleels

18

ADDD toprt *

ft
1"

ANDA iopn *

L]

hh
1

18 1t

ANDB (opr)

DO D®DI> > P> D> D>

hh
it

18 "

ASL 1opn!
N

hh
fH
f

L}

ASLA .

B

ASLB

ASLD

ASR tagg!

AJRIBIEIRBI|TTIRQREEERCOIED
2

9
:='=§~

B¢

ASRA

INH

ASAB

INH

B8CC tral)

REL

BCLR (opr!imek)

DIR
IND, X
IND, ¥

% 1D

333

8CS (reti

REL

BEQ (e

REL

a

BGE (reh)

REL

BGT trel)

REL

2jzlzlzf=z =8]=
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-
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TABLE 3 — MCEBHC11A4 INSTRUCTIONS, ADDRESSING MODES, AND EXECUTION TWMES (CONTINUED)
Addressing Maechine Coding Machine
Moce {Hexsdecimal) Code | Exeovsion
for Bywm Tierw
Source Formis! Operand Opcode Operendls) (Tomt) (Cyoies)
BH! (rel) REL 2 w 2 3
BHS (rel) REL 24 | n 2 -3
BITA (opr) A MM 8 | a, ) 2
A DR 8 | od 2 k]
A EXT B5 hh L] k] 4
A IND, X AS | 't 2 4
A IND.Y | 18 A5 ]| 3 b -~
BITB topr) 8 IMM c5 " 2 2
B OR ~ D5 | oo 2 3
B Ex F5 | hn [} 3 4
8 dND, E5 1 2 4
B IND. Y 8 £5 fl kY 5
BLE (rell REL 2F 1" 2 k]
BLO trel REL 2 " 2 3
BLS (rel) REL 23 " 2 K]
BLT ired) REL 20 [0 2 3
BMI trel) REL 28 | « 2 B
BNE trel) REL 26 " 2 3.
8PL lrel REL 24 " 2. K]
BRA (rel) | _REL 20 " 2 3
BRAN {reh REL il ] .2 3
BRCLR lopr) DIR 13 4 dd mm 4 - 6
1msk) IND, X 1F f mm 4 7
tred) - iND, Y 18 F " men nu 5 B
BRSET (opr! DIR 12 dd  mm o« 4 [}
‘ {rmsk]) IND, X 1€ ft mm n 4 7
' (rel) IND, Y 18 1€ . mm ] 8
BSET {opr) (msk! DIR 14 od  wn 3 6
iND, X 1C ff mm T 7
IND, Y 18 1C L mm 4 8
BSR {rel) REL 8D | n A 2 ]
BVC (red REL 28| n ] RE
8VS lrel) REL 2 " 2 k]
CBA INH n 1 2
cLe " INH oC 1 2
Cul INH ot 1 1
CLR topr) EXT 7F hh n 3 6
. IND. X 6F 1 2 6
IND. Y 8 OF # k] ?
CLRA A INH 4F 1 2
CLRB B INM 5F 1 2
CLv INH OA \ @
CMPA lopr) A MM a ] 2 2
A DR 91 od 2 3
A BXT 81 hh [ ] 3 4
A IND, X Al H 2 4
A IND.Y w AL 3 3
CMPB (opr} 8 IMM ct ‘u 2 2
B DI D1 | oo 2 Y
8 &xXT Fi hh " 3 4
B IND, X . El H, 2 . 4
8 IND, Y B B H 3 . 6

~
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TABLE 3 — MOBBHC11A4 INSTRUCTIONS, ADDAESSING MODES, AND EXECUTION TIMES (CONTINUED)

Addressing Machine Coting Mechine
Mode (Hexadecimel) Code Exscution
Source Formls) Operand Opcode Operandis) {Toral) (Oyeies)
~COM fopn) EXT 73| hh 3 "6
IND, X . 63 L} 2 ]
. IND, Y % & f 3 7
COMA A INH 43 s ) 2
COMB B INM 53| . 1 2
CPD topr) TIMM A 83 N kK 4 8
DIR 4 83| do 3 6
ExT 1A B3] mh 0 4 3
IND, X 1A A3| o k] 7
IND, ¥ cO A3} 3 ?
CPX loon IMM acl kk 3 4
DIR aC ad 2 5
EXT BCl m 3 6
IND. X AC| . 2 6
IND, ¥ O AC| #f 3 .7
CPY \opr! MM 18 8C % kk 4 5
] DIR 8 8C dd 3 6
EXT 18 BC| hh n 4 ?
IND, X A acl 3 7
- IND., Y B8 AC| o 3 2
DAA INH 19 1 2
DEC lopr) EXTY 7a] mn W 3 [
IND, X 6a| 2 8
“IND. Y 18 6A 1 3 7
DECA A INH 4A - 2
DECB B INH 5A 1 2
DES INH 7 i \ 3
DEX INH 08 1 k)
DEY . iINH 1t 09 2 4
EORA lopr) A IMM 88 " 2 2
A DR ; 88 | od 2 3
A EXT C B8] mh 1 3 4
A IND, X AB L. 1 2 4
A IND, Y 18 AB| A 5
EORB igpr) 8 MM 8| » 2 2
8 DIR D8 od 2 3
B EXT F8 bh " 3 .4
B8 IND, X e 2 4
B IND, Y 18 €8} 3 5
FOIV INH o 1 4)
101V INH 02 1 T
INC oor) EXT 7L 3 i)
IND, X ec] 2 [
WD, Y 18 6C H 3 7
INCA A INH 4C 1 2
INCB B INM 8C . 1 .2
INS INM 3 1 3
NX INM 08 1 3 .
INY NH 18 08 2 4
JMP {opr) /o EXY 7ZEl mn 0 3 3
IND, X .73 H 2 3
WD, ¥ 18 6€F t 3 4
JSR (opr} DIR 80 | od 2 5
EXT 8D| ®h [ ] 3 (]
IND, X AD] # 2 ]
IND, Y 18 AD t 3 il

<
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_ TABLE3 ~ MCBBHC11A4 INSTRUCTIONS, ADDRESSING MODES, AND W {CONTINUED)

Adtressing Machine Ceding Machine
Modey {Hexadecimall Cote | Emscvtien
for Sywms Time
Source Formia) Operand Opcode Operendis) (Toml) {Cyoles! ,
LDAA (oo A IMM 86 | » 2 2 )
A DIR: 96 ad 2 3
A EXT, BE | mh 3 4
A IND, X Ab L] i 4
. Fl_ A IND.Y | 18" A8 | 3 5
LDAB topr) 8 IMM cs] & 2 .2
B DIR - D8 | oo 2 k]
' 8 EXT F6 | hh n 3 4
: B IND.X |, B | ~ 2 "4
B IND. Y 18 €6 ] 3 %
LOD topr! IMM . CC ] kk 3 3
DIR DC | do 2 4
EXT FCinh .8 1 3 )
IND, X EC H . 2 5
IND, Y 1 EC]| W 3 (]
LDS (opr} IMM BE | p . mk k) 3
DIR 9t | do ) 2 4 . ~
EXT BE | b 3, 5
IND. X AE ] ? 5
‘ - --IND. Y 18 AE | '3 - 6
LDX {opri IMM CE] » kk 3 3
DIR "DE ] od 2 4
EXT FE hh ] 3 5 .
IND, X EE | 2 5
. IND, ¥ CD ' EE H 3 8
LDY (ope) tMM 8 CE| kk 4 4
, DIR 18 Df| o k) 5
EXT 18 FE { bn ] 4 [}
’ IND, x A B | 3 6
IND, ¥ 18 EE 1 3 [
LSL topn EXT 7| m ] 3 6
IND, X 08 ¢ # 2 6
IND, Y* 18 [ ] 14 3 7
LSLA A INH 48 1 2
Lsie B INMW S8 1 2
LSLD INH 05 1 {3
L5R (opr) EXT 74 { 3 "8
IND., X 64 t 2 é
IND, Y. 18 o4 1] 3 7
LSRA j A INH R B 1 2
LSRB B8 INH 54 1 2 .
LSRD, INH [+ ) 1 3
MUL INH 30 1 10
NEG (opr) 33 70 [ th N 3 | s
IND, X 60 t 2 ¢ ]
INDLY B8 @ | # 3 7
NEGA A INH . ) 1 2
NEGB B8 INH 50 1 2
NOP INH i [ 1 2
ORAA topr! A IMM . BA [ 2 2
A DR 9A | od 2 3
A TEXT BA | bh [ ] 3 4
A IND, X AA | # .2 4
-A IND, Y 8 AA | 3 %
ORAB (opr} B IMM CA " b} 2
. B DR DA | a0 2 3
8 EXT FA 't | 3 4
B IND, X EA ] 2 4
B IND, Y 18 EA H 3 ]
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TABLE 3 — MOBBHCIT1A4 INSTRUCTIONS, ADDRESSING MODES,"AND BXRCUTION TIMES (CONTINUED)
Addresing Machine Coding - Machine '
Mode {Henpdecimel Cads Essoation
for . - By Time .
L__m Formis! |- Opersnd Opoode Operandial Toml {Cycies)
PSHA A INH » 1 3
PSHB 8 INH 37 1 3
PSHX INH 3c 1 4
PSHY INH 8 3 2 [
PULA A INH 2 1 4 !
PULB B INH k] ' 1 4
PULX INH 3 R v 5
PULY INK 8 » 2 (]
ROL (opr! EXT IR 3 8,
IND. X ® |4 2 6
IND, ¥ B ® {#H 3 .7
ROLA A INH 49 1 2
ROLB 8 INM %0 i 1 2 "\
ROR topr) EXT 7 [ ph 3 6
IND, X ves | ff 2 6
. IND. Y " e | H 3 ?
RORA A INH 46 1 2
RORB B INH 56 ' 2 .
RTI INH 3B 1 12
RTS INH ) 1 5
SBA INH 10 .1 2
SBCA (opr) A MM 82 1 - 2 2 "
A DIR 92 | od 2 3
A EXT B2 [ ph w 3 4
A IND, X A2 | 1 2 4
A IND, Y B a2 ). 3 5
SBC8 (opr! 8 IMM <2 L. 2 2
. 8 DIR D2 | od 2 3
B EXY F2 Imm 3 4
B IND, X B2 | 2 4
B IND. Y B8 E2|H 3. 5
SEC INH 0D 1 2
SE! INH OF 1 2
-|SEV. INH 08 1 2 \
prom—
STAA {opr! A DiR 9 lad 2 3
. A EXTY B [nh 1 a 4
A IND. X FYR 2 4
A IND, Y 8 A7 | # . 3 5
STAB topr 8 DR D? | oo 2 3
8 EXT - F72 {ph 1 3 4
8 IND, X e | # 2 4
B IND,Y | 1B E? | # 3 8
STD lopr) DIR DD | oa 2 4
EXT FD | th [ | 3 3
IND, X - ED | # o 2 ]
IND, ¥ n EDN 3 [
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TABLE3 — MCEBHCY 1AL INSTRUCTIONS, ADDRESSING uoo:s AND EXECUTION TWAES (CONTINUED)

Addresgrg | Machine Coding

Machirie
Mode {Hexadecimall Cote Exscution
for - - Bnes Time
’_im Formis) Operand Opcode » Opsrendis) (Towml) {Cvoien)
STOP INH CF - 1 2
STS (opr) DIR BF do 2 u 4
, EXT BF | nW W 3 5
IND, X ¢ AF | 1 2 5
: IND.Y | 18  AF | 1~ 3 6
STX topr} DIR DF | g . 2, 4
. . EXT FF | nn 1 3 5 .
. IND, X . eF | u 2 5 -
. «  -IND. Y €O EF | M. 3 6
STY topr) DIR 18 DF | ag 3 5
EXY 18 FF |{m 0 4 6
& IND, X 1A EF | o 3 6
IND, ¥ 18 EF (1] 3 6
SUBA topr A IMM 80 [ o - 2 2
A DIR 0 a0 2 3
A EXT BO | mh L} 3 4
A IND, X AD | 2 4
A IND, Y 18 A0 | 3 5
SUBB iopr) B8 IMM CoO| v 2 2
. 8 DR DO | od 2 3
B EXT FO | mh [} 3 4
B IND. X B | 1 2 4
B IND, Y 18 EO i 3 5
SUBD topr! MM & |y Kk 3 4
. DIR 0 | o 2 6
° EXT 83 | n 3 6
IND, X A) t 2 ]
IND, Y B A3l # 3 7.
SWI o~ INH * [ 1 W
TAB INH 18 1 2 -
TAP INM 08 1 2 .
TBA INM 7 3K 2
TEST INH [+ 1 « |
TPA INH 07 1 . 2
. [ TST topr! TEXT . R 3 ]
. " IND, X [.1o] t 2 6
IND, Y 8 8D 1t 3 ?
“1TSTA A INM 4D ) 2
ISTB B INH . 1o] 1 2
[TSX INH 0 1 3
TSY INH ) , 2 4
XS INH ¥ 1° 3
TYS INH B X 2 4
WAI ” INH 3£ 2 4+nce
XGOX, INH 8F 1 3
XGDY . INM 18 8F b 4

S.infinrty Of Unt reset ocours.
® .12 cycies 518 L30T begenrung with the 00CO0e fetch. A wart 5L 8 enteved wiuch romans in of-
fect for an nieger number of MPU E-clock cycles (n) untl an nlerrupt 8 recogruzed Fnelly
WO 3ddilonal cycles are USed 10 feich the pPOPNE INEMUD! vegior
dd = 8-bit chrect acdress ($0000-900FF) (hegh Dyte assumed 10 be $00)
ff = 8-brt positrve ofteet 800 D) to SFF (256} (s acded 10 index) -
' bh = hagh order byte of 16-bt exended scdress . .
# = one byt of immediste dewy : o
i = high order byte ol 16-brt mmediste dets
&k = low order byte of 16-bst immaediate Geta
§ = low ortier byte of 16-bit extended scdress

mm = 1-byte bit mask (set bits 10 be sttected)
1t = pgneo reldtve offsst 880 (-~ 128) 10 $7F (+ 127) iotset reistwve 10 the address loloweng
the mechine code offset bytel .



. .,
N
. .
-
»
'
13
’
a
-
L]

Ll

-~ ’
’ .
-. !
-
.
f
N .
. .
o
o
LN
. !
e
» . -~
:
’

_APPENDIX 2

-

.
3
. .
“
o
. . .
N .
.
¢
.
- >
.
1 B
o
f . t
- AN -
»
- . .
' B

f o .

4

’

>
3

* THE 'OPTICAL 'SMOKE DETECTOR DATA SHEETS

¥




o -"115-

Figure 1. Apolio Optical Smoke Detector 33531101

introduction

The Apolio smoke detector Mode!
33551-101, figure 1, Is sensitive
to visible @ perticles
produced st the eerly steges of
o fire end is particulerly useful
In dotecting smoke from slow
burning or smouldering fires.
The detector is suiteble for use
es on esarly werning fire detector
in @ wide range of industrial,

commerciel end residentie!

describes 'hoopommh ln' prlnd o
e,

construction specificet

methods of lmlbﬂon ond use

of the detector.
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Operating Principle

The detector comoins on emitter, 0
solid stote light emitting diode (LED)
which, with its ossocioted lens system,
produces o hollow circulor beam of
light. A silicon photocell is positioned in
the centrol dark crea of the hollow
beom so that in the obsence of smoke
no light is received. see ligure 2.

When smoke enters the chomber

o combination ot refiection ond
diffroction trom smoke porticles couses

* light from the beam 1o impinge on the

oll. Maximum relicbility is
obtoined by driving the emitter LED 10
provide short, intense pulses of light
ond occepting doto from the silicon
photocsll only during these pulses.
When smoke is detected during one
puise, o further pulse is imﬁ'mdy

. and only when smoke is oiso
detected during the second pulse is on
olorm initioted. The detector sensitivi
is foctory pre-set to meet internationc
stondords. The opticol system is
contoined within o chomber which
restricts the access of light from
externol sources ond minimises
internal retiections.

Electrical Description
The detector is designed 1o be

¥ connected 1o 6 central control unit

providing o two wire monitored supp!
of between 17 volts ond 28 volts d.c.
Terminols 1 ond 6 are provided for the
connection of the incoming positive
ond negative supplies respectively,
see figure 3. Terminais 2 ond 5 ore
connected 10 terminals | and 6
respectively by trocks on the detector’
printed circuit boord. They provide
supply outputs for the connection of
odditional detectors or on end of line
monitoring device. This method of
gonnection permits continuity
monitoring of both positive and
negative supplies through the detector

- including detector 1o mounting base
supply connections.

Photocel!

Figure 2. Optical Arrangement.

. When power is led t0 the
detector .:‘Ifctriu:l ht:zz::\co is
suppres: M . A constont
current is to o power supply
circult that atter 30 seconds drives the
detection electronics. A toctory phe-set

.oscillator is used to control the

tréquency with which pulses ore

by the emitter drive circuit.
The emitter drive output couses the
emitter LED to flosh o1 8 second
intervals. in the obsence of smoke the
photocell receives no light. When
smoke enters the detector, light from
the emitter LED is scottered on to the

photocell. Only signals from the

. photocel! thot ore received during ©

pulse of the emitter ore recognised.

A
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i smoke is detected during a
puise the oscillotor is occelerated and
the emitter LED floshes ot one second
intervals. it requires smoke to be
detecied during two consecutive pulses
for the alorm circuit 1 be energised.

The alorm circuit is shown in
figure 4. A positive going pulse turns on
the silicon controlled rectifier (SCR).
The red indicator LED‘is then turned on
continuously ond the detector chonges
stote from its stand-by condition of
50 uA constant current to typically
60 mA, see table 1.

An externol remote olarm

sindicotor may be connected ocross
:;rminals 2 ond miml 4 being

iven negative respect 10

terminal 2 when the detector registers
o smoke olarm. The output current
terminal 4 should be externally limited
to less thon 80 mA either by the choice
of remote indicator or by o series
resistor in the case of on LED. Diode D3
permiis the connection of more than
one detector 10 o single remote

4

Figure 3. Optical Detector Schematic Circult Diagrem.

Vo
in the olorm state the control unit
zone supply circuit voltoge should not
exceed 28V ond shouid hove o
minimum current capacity of 10mA.
The tormer level is set by power
dissipotion foctors, ond lotter by the

. minimum holding current of the SCR.

The supply to the detector in the olorm
stote should normaolly be held in excess
of 12 volts (27 mA) 10 ensure effective
illumination of the indicotor LED. .

To restore the detector to o stond-
by condition it is necessory to expel
the smoke ond momentoarily interrupt
the supply to the detector. This resets
the SCR ond the detector electronics.
The sensitivity of the detector is foctory
pre-sel. The emitter LED, see figure d, is
continuously monitored for open ond
short circuits. Similorly follure of the
emitter LED drive circuit, the intemal
osciliator and the presence of power
is monktored. Successtul monitoring
results in o short puise ot nominally
32-second intervols being generated to
flash the indicotor LED, and provide o
signol used for test purposes ot pin J.

L}
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_ \,
Posiive Supply
|@ ®
I |
o / Alorm .
’ N lood - To Remote
vy ¥ Circunt Resistor - Indicotor
Alarm
Y tndvcator 81310¢
' Corcunt 1
1 ‘t
Monior
@ Coreunt _’ L Dwde 03 b

’ . - . [} Silcon
Controlled .o
' ’ . Smoke L Rectifior
. Sensor I +
- , : —P *
Vol '
. . @0 olts , @

Figure 4. Optical Detector Alarm Circult Schemetic. '

. A press to 1es! plunger is fitted which,

~ when depressed using the longer probe
of calibration tes! tool Part No. 38531- B
743 should result in on alorm, ond when ' S
the shorter probe is inserted should not | -
produce on olarm, see tigure 6. i

Control Unit Interface
Before o fire alerm system s
engineered it is sssentiol that
competibility between detector
and control unit be fully
investigated and proven under
both normal and ebnormel
opereting conditions. System
design psrameters embodying TR T
sofety tactors should be established Dot Vol

X in establishing compatibility, full A Smoke Alorm Current
consideration should be given to supply - 8. Smoke Alarm Current
and bottery volioge variations, control with LED Open Circurt
;nn impodoncc.’ lin:l ro'siswnco ond € Stondby Current

isconnection ot end ol line devices.

It is recommended that the detector be Figure 3. m:‘:’:::::‘gz end

considered 1o be 0 40 10 60 uA constont hts.

current drain in stondby conditions ond Detector Status

in olarm be considered as 510ohms in Smoke

series with 0 1.5 volt drop due 1o the , Alorm

SCR. This condition assumes that the Smohe | Current
) :::’odor's indicator L'ED is open circuit’ m i’:‘m*: c“m' {:‘:‘::'”:3

‘represents o reolistic minimum !

" detector-olarm lood. Maximum alorm Vois | wA 1 mA —mA—
lood conditions should assume thot the 2
detector is in tull working order and e
connected 10 & remote indicating
device. Typicol current ogainst voltoge 8
chorocteristics for stond-by ond alarm 19
stotes are shown in figure S ond table 1.

" with industry standords, of six per cent 6
grey smoke obscuration per metre.
- ' independent test results 1o CEA ~Table 1. \

stondords ond BS5446: Port | will be
ovailoble in due course. o ) ¢

=1,

3

]
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v 01w 1uesIn) Aqpunig

3 8 & ¥ 8

S

Smoko Alerm Current mills A

o
9

.

o

57
49

—
o |

EREIE 4k

12 n

f4ld
tftisss

e



h ]
- 119 -

50 micro amps nominal constant

over full voltoge ronge.
Switch-on surge:

Zero

Alarm current:
68mA ot 28 volts d.c.
7mAct 12voltsd.c. ™~
Remote slorm output:
Roted 80 mA moximum, diode
goted with 47 ohms series’
resistor,
Alarm voltage raquired:
1028 voitr.d.c.

Design alerm load:

5)0 ohms in series with 1.5 volt
drop acvoss SCR (indicotor LED
open circuit).
SCR Holding voltage:
S wolts.
SCR Holding current:
- 10mA.
Alzem indicator:
Light emitting diode (red LED).
Indlu;lon:
a) Normal opecgtion
Red LED ﬂoshcs once every 30
seconds typicol
b) Foult
The absence of a fiosh ot
30 second typical intervals
indicates either:
i) Supply disconnected.
ii) Internc! oscillotor follure.

Spoclﬂeuﬂon ~. v) Failure of intra red emitter
Operating principle: , LED drive circuit.
Photaelectric detection of light ¢} Smoke olarm
scotteted in o forword direction LED on continuously.
by smoke parficies. Sensitivity:
Emitter:’ 6% grey smoke obscmunon per
Ga/As lnfro Red LED metre.
- Sensor: ’ Yemperature mngo :
Silicon photovoltaic cell. Moximum continuous operating
Sampling frequency: S0<C.
Once svery B seconds — nominal. Minimum continuous operating
Confirmation trequency: 0°C.
Once per second —nominal: Short term minimum (24 hours)
Number of confirmations: -20°C.
| P Storoge —30°C to +70°C
Configufation: Humldl'y:g.
Axially disposed,ligh!f source lens —95% RH.
' system ond light sensor. Vllnd% -
Supply voh-? Iinsensitive to wind interierence.
17-28 volts d.c. Vibration:
: Ripple voltage: To BS5446:Port 1,1977 ond
2 volt peak to psok maximum, ENS4:Por1 5:1677.
Supply current: impact:

To BS5446:Port 11977 ond )
ENS4:Port 5:1977.

Shock:

- To EN54;Port 5-1977.

Electrical Trensionts:

To UL268.

Atmospheric Pressure:
insensitive to voriotions in -
aimospheric pronuu/

Supply Wiring:

Two wire monuorod supply.

Yorminal size:

2 cores, maximum 1.5 mm?
per terminal. )

Weight:

Detector —135 groms.
Bose—~65groms,
Dimensions:
Detector—~
Height =72 mm
Diomaeter — 75 mm
Bose— '
Height ~ 23 mm
Diometer — 86 mm
Detector in Bose assembly —
Height —81 mm
Diameter — 86 mm .

Materials: -
Case ond light trop — self
extinguishing ABS 1o UL94
V-0 ':iqondord Bt

Lens —acrylic.
Printed circuit boord~—1 ounce

circuit of infro red copper on glass fibre board with
itter LED. epoxy solder resist on non _
iv) Short circuit of infro red soldered oreas.
emitier LED.
&
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Types of Smoke

Thé Apollo optical detector is suitoble
for dﬁodm:': lorge voriety of

firdh. 1t is porticulorly useful in
detecting smoke from stow bumning or
smovidering fires ond is sensitive 1o the
lorge porticles of smoke produced ot

less thon 250°C by some overheating
plostics such s PVC. The detector may
be slow 10 respond to free burning tires
producing little or no smoke. This is no!
vsuolly o serious problem becouse such
fires normolly irvolve other materials
ot on early stoge. Howevaer, if this

is unlikely, the detector should be
supplemented by on ionisation smoke.
a heat or flome detector.

Application .
The epplication of the Apollo
optical smoke detector must only
be undertoken by engineers
sxperiencted In this field ot fire
detection.

Design Guides .
Detectors should be sited, spaced
and zoned In accordance with the
recommendations of o generaily
recopnized locol standard or code
of practice, such as 8$3839:Part 1;
the Fire Otfficas: Commitiee
Ruies, the Comite Europeen

Des Assurances Guldelines for
Aviomatic Alerm instelletions,
or the Netional Fire Protection
Association Stendard (NFPA) 72E,
stendard for Autometic Fire
Detectors.

)

Spacing

Uniess the following circumstonces ore
specificolly covered by the cbove
design guides, spacings substontiolly
less thon the moximum permissible
recommendad should be used where
detectors protect main escope routes:
where the escape of occuponts may be
deloyed through iliness, oge. hondicap
or unfamiliority with the building: in ~
dormitories ond computer suites where
the lostest possible detection of
smouldering lires is required; ond in
rooms whaere air changes exceed four
per hour. Apollo Monufacturing Lid.
recommend thot the orec covered by

o single smoke detector should not
normaily exceed 100 m?, even if

Q greater area coveroge is permitied
by locol reguletion.

Siting - ~ v
The detector’s mounting bose should.
normolly be mounted directly onto the
surioce of the room, ceiling or roof.
This ploces the sensing element of the
detector approximately 50 mm below
the surfoce. This distonce moy be
increased by the presence of o wiring
box. However, the distonce between
the smoke sensing chomber ond the
roof or ceiling shauld not normally
exceed 150 mm in rooms up 10 6 metres
high, 300 mm in rooms up 10 12 metres
high. end 600mm on steeply pitched
rools, except os moy be indicoted by
fire tests.

The recessing of the detector. or
its base, into o ceiling, or the mounting
of the detector on o woll or verticol
surfoce is not recommended. Detectors
should never be mounted in an
inverted position.

. Detectors should not be mounted |
less than S00mm away from any wall
or portition, or in any position where
there is on obstruction 10 the tiow
of smoke towards the detector within
o distonce of 600 mm.

liioight

A ?lqh' ot 12 metres should not be
ox eeded except as moy be indicoted
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Figure &. Simplified Construction Schematic.

Mechanical Construction

A sectionol drowing of the detector is
shown in figure 6. The white plastic
housing of the detector is moulded in
UL-94 V-0 grode of self extinguishing
ABS and plugs into the Apollo Mounting
Base Model! 45681-007. Correct
olignment of the leof spring electricol
contocts in the base with the six domed
terminal pins in the detector is ensured
by the detector’s three volt free
polorising boyonet studs. These studs
key with three slots in the bose through
0 20 degree clockwise twist action.
The wiping action between the nickel
plated beryllium copper springs ond the
nickel pioted bross pins ensures
electiricol contoct, see tigure 7.
Aperiures in the detector's

* housing allow smoke to ingress freely

through the stoinless steel gauze ond

into the smoke sensing chamber vio the .

biock ABS light trap. The emitter LED
with its lens cssembly are mounted
directly on to the printed circuit board
within the smoke serfing chomber.
The photocsl! is potted into the
end cop ot the light trap in alignment
with the emitter LED, lens ondw‘ ght
trap. The leads from this cell are 1oken
vio on integral clip on the light trap to
~ the printed circuit boord. The light trap
ond the printed circuit boord form
on enclosure cround the principol
electronic components. The trock side
of the printed circuit boord is gnclosed
by the potting cover. These enclosures
ore filled with o resilient pom:g \
medium, ond a label is fitted which
covers the potting occess holesThe
stainless steel gouzes ond the npinhu\
stee! skirt, which ore connected to zero
volts through a spring on the printed
circuit boord, screen the detector from

Figurs 7. Apolioc Moviiting Bese 43681.007. J
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electrostatic interference. The gduz{,

olso octs os o barrier 1o insects. The
indicotor LED is mounted directly on
the printed circuit boord ond protrud:
through the do"octor housing.

Mounting Base = .

The intertoce between the smo
detector ond the fire alarm system
wiring is mode with an Apolio
Mounting Base Model 45681-007, see

* figure 7. The detector plugs into the

base with o 'twist lock’ action thot

- couses the detector's terminol spring:

to engoge with the spring contacts in
the base with o wiping oction. The
springs are connecied 10 terminols
titted with o non-rototing ciomp for
positively securing one or two cable
conductors with cross-sectiona! orea:
up to o moximum of 1.5 mm?, Each
terminal is identitied by o raised

- number in the plastic moulding. Acce
1o the terminals is ovoilable from the .
tront of the base upon:removol of the

detecior, cobles from the terrinols
being routed to the reor of the bose
through o central hole. To tacilitote th
entry of the surfoce wired cables one
more of three thin plastic sections cot
be cut owoy trom the bose skirt.

Two countersunk 5.0 mm
diometer holes on 50.8 mm tixing
centres ore provided for directly

, attoching the mouning base 10 0

wiring box to 854568: Part 2:1970.
Two M4 X 25 mm countersunk codmiu
pioted steel screws ore suitoble for th
purpose. Additionally, 1évo countersur
3.2mm diometer holes on 60 mm fixir
centres ore provided for attoching the
base 10 certain Europeon wiring boxe
Either pair of tixing holes moy be
vsed 10 secure the bose divectly 10 o
structural member of o building.

Every mounting base is suppliec
with o plastic cover which should be
clipped on the back of the base befor«
securing it t0 0 wiring box or structurc
member. The use of this cover
improves the dust, water ond intect
resistonce of the detector,

When it is necessary 1o orientot
o detector 30 thot the indicator LED
is visible from o porticulor viewpoint
the mounting bose shouid be instoliec
with terminal number S closest to
thot viewpoint. if o detector is 1o be
instalied in o conlined space. such as «
ventilation duct, @ minimum cleoronce
of 100 mm is required benecth the bos
tixing surfoce 10 encble the detector
to be easily inserted ond removed.

Smoke Performance
The response time of detectors is

1 on mony toctors including
the type of tuel, the rate of burning,
the size ond shape of room, ventilotio
rotes, ond the distonce of the detector
trom the tire. Unless these ond other
toctors ore cgretully controlled
reproducible results conno! be
expecied. Controlled tests hove been
conducted in-recirculoting smoke
tunnels to demaastrote that the
detettor has o sensitivity, consistent

v

-by.satistoctory fire tests on site. Where

o

ceiling heights in excess of 15 metres
ore encountered considerction should
be given to the use of supplementory
vltro-violet or infro-red flome
detectors, or 1o the suspending of
smoke detectors from the roof or
ceilihg to o level below 12 metres,

in odgnion 1o mounting detectors on
or close 10 the ceiling.

In rooms with ceilings less thon 3
metres high, careful siting of detectors
is necessary to avoid nuisance \
operations by tobocco smoke.

Air Flow
The detector is not sensitive to air flow
ond thus may be used in ducts provided
thot sot ory tests hove shown
thot the smoke in the duct is evenly
distributed throughout the oir flow.

If the detector is instolled within o
ventilotion duct it should be sited in the
centre of o stroight section of duction

hoving o of ot leost six times its
width. All coble dutlets ond air boths
between the base of the detector -

ond the outside of the duct should be
secled. As the efiectiveness of extroct
duct mounted detectors may be
redyced by the extroction of cleon

air fogether with smoke, it may be

' necessory to instoll o detector neor

each extroct point.

Humidity

The detector may be operated ot
humidity levels up to 95% RH.
Prolonged operation ot humidity levels
in excess of 95% or in circumsionces

detector shouid not be subject to roin,
fog, steom or water spray.
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Figure 8. Schematic Wiring Diegrom of Monltored 2 wire Zone Circuit.

Vibration '
The pertormonce of the detector  °
is unatiected by expasure to levels
of vibration and shock normally
encountered on structural parts of

buildings, but core should be taken not-.

10 mount the detector where it would
be subject to continuous or trequent
perceptible shocks or vibration.

Temperature
The detector moy be used ot normal

ombient temperctures in the ronge 0°C

10 50°C. It moy olso be used between
0°C and —20°C in circumstonces where
there is no possibility of detectors
ireezing up. Continvous operation in
refrigeroted rooms at less thon 0°C

is not permissible.

Zone Circult

Figure B is o typical schematic wiri‘q%od .

diogrom showing the preferred meth
of connecting Apolio detectors to o
control unit fecturing o monitored two
wire detector circuit. The end of line
device is usually o diode or resistor of o
type ond value 10 suit the control unit.

i the control unit monitors only
for open circuit foults in wiring
befween it ond the end of line device,

o BINUT T LI A WY N W L ) N e
unmonitored wiring 10 o remote
indicotor will not 1 0 detector
signalling a fire alorm, although the
detector’s LED may not illuminate in the
event of o short circuit.

i the control unit olso monitors

for short-circults it may be necessary

to connect o current limiting device
directly 1o terminol 4, in series with
remote indicator, in order 10 prevent
on olorrp from o detector with o short

-

tircuit remote indicotor being mistaken
for o short circuit in the wiring to the
end of line devjce. The detector's
internol remote indicator circult does
include o 47 ohm resistor in series

% with the remote output. This may be

sufficien! to provide the required
impedonce to the control unit,
depending on the circuit design of

the control unit.

Whers detectors ore installed in

a normolly locked room it moy be -
necessary 1o link all the defectors -
1o 0 common remote indicotor lamp
sited outside the room. In such
circumstances the method of wiring
shown in'tigure 9 is recommended. i it
is more procticol to rovte caobles from
each detector directly to the remote
indicator,oll wires from terminols
morked 4 should be connected 1o the
return side of the indicotor. if all wires
originating from terminals morked 2
were connected t ot the remote
indicotor, the wiring between detectors

would be bypassed and consequentl)
not foult monitored. ,

Figure 10 is o typical schemagic
wiring diogrom showing o method of
connecting detectors 1o a control unit
which does not monitor the wiring for
toults, ond where local regulotions
require thot the removal of o detectc.
sholl not result in the disconnection o
othe? detectors. w this cmu:' ,
orrongement is used it is essential to .
terminate the wiring with o monutii
collpoint or similor so thot the
d,rcu.i:’ con be regulorly ond trequentl,
tested.

/
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Figure 9, Schematic Wiring Diegrem of Monitored -

Detector Circult with @ Common Remote indicator.
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installatiop Wiring :
in the United Kingdom the cables ond
wiring used 10 interconnect detectors
‘ond other components ol a lire

alorm systemn should normoliy be in
accordance with the code of proctice
set out in BS5839:Port 1:1980. Apolio
recommend the use of either minerol
Jnsuiated copper sheothed cable
complying with BS6207 ;: Port 1, or

. P¥C insuloted ond sheothed cable

complying with BS6004, The latter
coble shouid be protected by
condult or trunking except in the

. speciol circumstances specified

in BS5839. .

Although the Apolic smoke
detector is fitted with tronsien?
protection devices, electricol

. imerterence from odjacent cables onc

conductors supplying other services

should be minimised by physical
seporation of the cables.

]

F

Typical methods of installing the

detector are shown in figures 11, 12,
ond 13. -

In other countries detectors
should be instolied ond wired in
accordonce with oppropriate nationol
reguiations ond codes of proctice.
except where these contlict in principle
with recommendaticns mode in this
document. Apollo Monulacturing Lid.
should be consulted i such o contlict
orises.

When o zone of mounting boses
hos instolied the wiring id be
testd tor continuity and insulotion
resistonce before installing the
detectors. The time token to
byoceomplwhh '::-,] mlo"‘l‘ can b minimised

using on ristate Pol Test
neces number of Apol Heads
port nmw 53541-001. The following

_ tesling sequence is recommended.

' 1) Copm&ﬂnmwi;mmocomnf

Jimhed supply of between 15 ond
30 volts or 10 o detector input of the
control unit o3 oppropriat

.. .
2) Plug o polority test heod into the first

bose ond note the colour of
the LED; green indicates continuity
ond correct polority; red indicates
continuity and reversed polority; ond

no illumination indicates on cbsence

of continuity. When the correct
polarity is indicoted reploce the
polority tester with a link heod.

3) Repect the saquence in 2) cbove
at each successive mounting bose
uniil o link head is instolled in every

bose
4) Disconnect the wiring from the

. supply and use o high voltoge

insulation meter (250 volts to 1,000
volts) to meosure the insulotion
resistonce between eoch conductor
ond eorth, The volue should not
normally be less thon } Megohm,

5) Seporotely check the insulation
resistance of ony wiring fo remote
indicators.

6) Remove the link heod trom the last
bouimho.ndmohm“ llcr;y ,
necessory monitor
‘dwicomdrtploamollnkho:g.
Use on appropricte instrument at -
the control unit end of the wiring to
check that the device is correctly
instolied.

7) Connect the zone circuit to the

) control unit. M\ with

8) Reploce every heod o
smoke detector which hos been
chacked 10 be within colibration
usingmnooipu'mmbor

3853)-743. Provide the detector

¥
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devices ond ony communication link
to the fire brigode.

Where detectors ore instolled in .
o clean non-corrosive environment
an onnuol service of the detectors in
accordonce with the schedble set out
below is recommended. Detectors
instalied in less favourable conditions

. should be checked more trequently.

The annual service should be in
oddition to the more frequently *
required routine visua! ingpection ond
selective smoke testing of detectors
necessary to prove the continuing stote
of readiness of the lire protection
system.

Service Schedule

1) Chack that the detector is still the
most suitobie typa for the oreo
protected. -

2) Check that the ingress of smoke
into the detector has noybeen

- obstructed by surrbundin? objects.

3) Check thot cables to and trom the
detector are undomoged ond
secure. .

4) Remove the detector from its
mounting base using Apolio extroct
tool, part number 41186-06!, and
sxtension pole, part number
4118).154, ond immediotely reploce
with o fully servicacble detector.

5) Check the age of the detector by
reference to its seriol number.
Avytomotic replocement of
detectors more than 10 yeors old
with o new detector is
recommended.

6) Cleon detector in occordonce with
the instructions se! ovt in the
following section.

7) Test detector os described in
instoliotion Wiring 8) above.

8) Ater sotistoctory cleaning ond
tesling either return detector 1o its
originol site in the'system or use it
o3 o serviceable replocement for
the next detector in the system
to be serviced. |

9) Yest the detector in situ by using .
either o hot wire/oil smoke
generotor or other smohke source.
Corrosive chemical smoke should

not be used. In some circumstonces,

ond where oppropriofe sofety
precoutions con be token, test
fires may be used. Underno -
circumstonces should ony ottempt
‘' be mode 1o operote the detector
using o noked flome from o maich
or lighter. Check thot appropriote
alorm signals ore produced ond
that the detecior’s indicotor LED |
illuminctes. .

10} Cleor smoke ond rese! detecior ond
control ond indicating equipment,

11) Note the results in log book.

12) Ensure thot the fire protection
system is refurned to o fully
operationol stotus cher servicing.

Storage

Détecrgrs should be stored in aclean,

dry environment ond used in monu-
focturing dote order.

Although the Apollo lonisation
Smoke Detector Portable Test Set
Mode! 53832-013 does not test the
Opticol Smoke Detector it is o
convenient portcble power |
that con be used to locilim:"m Y
test. Conduct on in situ smoke tes!
on every detector and check that the
detector, the control unit, ond ony
remote indicotors respond correctly.

N

'Maintenance

Apolio Manulocturing Lid.. recommend

thqt users of Apolic smoke detectors
enter info on ogreement with the
original supplier of the detectors for
regular servicing. Ideally thae control
ond indicating equipment should be
serviced af the some time as the
detectors as it may be necessory to
temporaorily ini\lbit one or more olorm

N

e
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Figure 10. Schematic Wiring Diegram of Unmonitored
2 wire Zone Circult. '(

Apolio Detector Bose
Mode! 4568 007
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b Detector )
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Figure 11. Surtace Instaliation [PVC). ) !
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- |
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Figure 12. SUHace or Finish Installetion
{M.1.C.C. &r Condult).
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h

,k Folve Floor
‘ Steucrural Support

[ [ [
i ' S0mm
| R .
! r 854568 ’ \ A;'ollo \\
| WImm Wiring Bos Detector Bane .
i l | Modelaser.007 |+
i
Detector
129mm _ Mode! 53381.10!
minimum
:I::J Finished Floor Siob \ . A
Figure 13. False Floor iInstallation n
{M.1.C.C. or Condult).
Transport plunger is located opposite its

Detectors ore pocked individuolly
in cardboord cortons ond then into

. asleeve containing 10 units. The

pockoging is svitable for most inlond
tronsport ond hondling conditions.
Pockoging for offshore ond export
shipments should reflect the

appropriate hondlmg and storoge
conditions.

Cleoning Procedure

A detector which has been
instolied fore yearine
reasonably cilean and non-
corrosive atmosphere can
normally be cleaned without
dismentling it. Use a veacuum
cleaner with a brush sttechment

. 10 remove sny dust that has

accumulated on exposed arees of
pauze. A significant deposit In this

ares will indicate that dust needs #

to be removed from the internel ~
structure of the detector, in

which cuse remove the two screws
visible on the circumterence of
the potting cover, see figure 6.
Remove the detector essembly
from the case. Carefully lift on
the end cover from the light trap
and’brush out the light trep, end
cover and lens essembly erees
using a soft brush.

Recssemble the end cover on
to the light trap. The essembly is
polerised and will fit in only one
position. Refit the essembly Into
the case 5o thet the calibration

FIRE DETECTION PRODUCTS

accoss point in the case. Attech
the assembiy to the case re-usir.
the two strews eerlier removed
Do not use sxcessive force to |
tighten these self-tepping screv
The white plastic case of'the
detector mey be cloaned with e
tloth mede demp with dilvted
washing up liquid. H the case Is .
severely stuined s cloth made
domp with industriel methylate
nplm {ethyl alcohol) mel prove
more efficient. Do not use eny
other clesning fiuld or solvent.

Check that the termins! pin:
on the printed circult boerd srq
cloan.Jarnished pins mey be
cloaned with e quelity metel!
polish. if the pins ere badly .
tarnished or corroded the spring
contects end cuble connections I
the mounting base should be
closely lmpocud.ﬂnu should b
cleaned or the base repleced as
necessary.

Test that the detector Is
working end within calibretion
described In instellation Wiring
Section 8) above, prior 1o Its beir
returned to use.

Detectors which cannot be
sdequately cleaned by the sbove
procedure end detectors which é«
not perform satistectorily when
chocked as doscribed, should be

- fectory ¢l ond recelibreted

either by Apolio or en Apolic
spproved company,

- 4
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