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Summary.

The project entails designing and in-
stalling an emergency fire telephone system
(EFTS) for the 23 storey Cape Town Adminis-
trative Civic Centre.

The original system, with its mostly
analogue circuitry, has no documentation
available, is difficult to maintain and has
become unreliable. After considering alterna-
tive systems the most economical opticon was
to expand the original system by adding more
extension telephones and to redesign the con-
trol section.

The new EFTS briefly operates as fol-
lows:

The status of ninety six extension tele-
phones, installed at the emergency exits on
each floor, are displayed on a mimic status
display which both operators can monitor. Any
emergency call can be identified by a green
flashing LED and a distinctive bleep. The LED
indicates the exact position and number of
the telephone in the building, Each operator
has a keypad and a two digit numeric display
fitted his telephone.

The operator can immediately answer in-
coming calls by pressing the queue button.
Calls queue on a first in first out basis.
The number of the extension telephone will be
displayed on a numeric display. The operator
can also select the extension he wishes to
centact, by dialling the extension number on
the keypad. :

The EFTS consists of nine rack mounted
printed c¢ircuit boards. A Microcomputer



bocard, made up of a Motorola MC6809 micro-
processor, six 6821 PIAs, 2 kilobyte RAM, up
to 16 kilobyte ROM and a watchdog timer con-
trols the EFTS.

Two Telephone Controller boards process
voice signals and generate logic control sig-
nals for the CMOS voice switching circuitry
on the Multiplexer Monitor boards.

Six Multiplexer Monitor boards switch
the two operaztors to any of the ninety six
extension telephones and continuocusly monitor
the extension telephone lines for faults and
handset statuses. Noise and over voltage line
protection is provided.

The multiplexing of the 192 LEDs on the
Mimic Status Display is controlled by the Mi-
crocomputer board.

An unusual principle used in this design
is the combination of low frequency AM and
audio to affect communication.

Iwo uninterruptable power supplies pro-
vide user independence from mains.

Software used for the EFTS is written in
6809 Assembly Language. A Real time interrupt
controls the Mimic Status Display. Operator
ctions are interfaced with the program logic
by means of hardware interrupts.



Cpsomming.

Hierdie tesis behels die ontwerp en in-
stallasie van 'n telefoon noodkom-
munikasiestelsel in die 23 verdieping EKaap-
stad Administratiewe Burgersentrum.

Die oorspronklike stelsel, wat meestal
analocg-stroombane gebruik, beskik oor
weinige dokumentasie. As gevolg hiervan is
stelselonderhoud moelik en is die stelsel on-
betroubaar. Nadat verskeie alternatiewe stel-
sels ondersoek is met inagneming van verskeie
faktore was die mees ekonomiese uitweg die
uibreiding van bestaande stelsel deur die
byvoeging van 42 addisionele telefoonuit-
breidings en die vervanging en herontwerp van
die beheerstelsel.

Die nuwe telefoon noodkommunikasiestel-
sel behels die volgende:

Ses en negentig telefoonuitbreidings is
by die nooduitgange op elke vloer aangebring.
Die stand van elke telefoon word aangedui op
'n paneel met die uitleg van die gebou
daarop. 'n Flikkerende LED, wat die posisie
van die telefoon in die gebou aandui op die
stelseltoestandvertooneenheid, dui 'n
nocdoproep aan. Die alarm gebruik 'n ken-
merkende klank om oproepe of fouttoestande
aan te kondig. Die twee operateurs se
telefone is elk toegerus met 'nm 4 x 4
sleutelbord en tweesyfervertooneenheid.

Die operateur beantwoord inkomende
oproepe deur die Q-sleutel te gebruik. Hier-
die fasiliteit koppel inkomende oproepe out-



omaties in volgorde deur die eerste-in-
eerste-uit metode. Die operateur kan ook kies
met watter telefoonuitbreidings hy in ver-
binding wil tree deur die uitbreidingnommer
te skakel op sy sleutelbord.

Die stelsel bestazan uit nege rak-
gemconteerde stroombaankaarte en word beheer
deur 'm Motorola 6809 mikro-rekenaar. Die
mikrorekenaarkaart bestaan uit ses randeen-
heid koppelstukke (E.PIAs), 2 kilogreep
leesskryfgeheue, 2 tot 16 kilogreep
elektries-programmeerbare-leesalleengeheue en
'n waaktydreéllaar.

Iwee telefoonbeheerkaarte prosesseer die
stemkseine vir die stelsel. Beheerseine, wat
deur die skakelbordkaarte gebruik word, word
ook hierop verwerk.

Ses telefoonvertakskakelkaarte skakel
die twee operateurs deur na enige van die 96
telefoonuitbreidings. Die status van al die
telefoonlyne word gedurigdeur gemonitor vir
fouttoestande sowel as die status van
telefoongehoorstukke (d.i. of die gehoorstuk
opgelig is al dan nie).

Die telefoonstandvertoconpaneel se 192
LEDs word op 'n tyddeel beginsel aangedryf.

Die stelsel gebruik 'nm ongewone
modulasietegniek vir die klank. Beide lae
frekwensie amplitudemodulasie en suiwer oudio
word gebruik.

Twee nie-onderbreekbare kragbronne word
gebruik vir kragvoorsiening.

Motorcla 6809 saamsteltaal is gebuik om
programmatuur vir die stelsel te ontwikkel.
'n Reéltyd onderbreeksein beheer die stel-
seltoestandvertooneenheid. Alle datakop-



pelling tussen gebruikeraksies en die stel-
selprogranmatuur geskied d.m.v. appara-
tuuronderbreekseins.
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An Emergency Fire Telephone System.
Introduction.

Chapter 1I.

INTRODUCTION.

A practical solution to the problem of designing and selecting
the most suitable emergency communication system can be obtained
by the careful consideration of various factors of which only six
will be discussed in this chapter.

I.1 The importance.

Fires in high rise buildings spread rapidly and can be very
fierce especially when spreading via l1ift shafts and ducts which
make perfect ventilators. Evacuating people from the building
should be controlled to promote safety and to reduce panic situa-
tions, while fire fighting activity should be coordinated
throughout different areas in the building.

Because public buildings are prime targets for sabotage and ter-
rorism, the evacuation procedure should remain secret. Therefore
appropriate in situ communication and instructions should be
issued during evacuations or emergencies.

I.2 The Requirements.

In order to control emergency situations it stands to reason that
the communication system should be reliable and uncomplicated
with good audio guality.

The system should allow the operator to communicate clear in-
structions to different locations in the building, to give and
receive regular reports of conditions at specific locations and
the progress of specific events and to supplement information for
improved overall security.

The efficiency of an emergency telephone system depends on its
ease of use and on the proficiency of the operator. An uncompli-
cated system requires less intensive training and thereby saves
time and cost while ensuring the effective operation of the sys-
temn.
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In order to keep system downtime to a minimum, the system design
has to incorporate simple and easy maintenance. Full documenta-
tion has to be provided.

The users have tc be consulted to determine desirable user fea-
tures. Clearly defined and well understood user requirements will
improve the quality and efficiency of the end product.

Security, evacuation and life support communication systems pro-
vide private communication which will help constrain panic situa-
tions.

1.3 The Location.

The EFTS is used in the 23 storey Cape Town Administrative Civic
Centre. Fire telephone extensions are located at the emergency
escapes on every floor. The Contreol Centre, located in the base-
ment of the building, directs all communication to the various
locations throughout the building.

{
l Loc Loc Loc Loc | Loc
1 i 2 3 4 i 5
| | |
HERRE
Comms
Control
Control i
Centre

Fig.I.1. Functicnal Block Diagram.



An Emergency Fire Telephone Systemn.
Introduction.

I.4 Various commpunication systems available.

Use of video and voice provide the most elaborate communication.
The visual and verbal contact ensure that the control centre is
fully informed.

Video signals require a wide band transmission line. Suitable
video equipment and transmission lines are very expensive.

Voice communication may be provided in different forms.
Two way communicaticon can be realized in many different ways.

I.4.1. UHF radios provides full two way communication as well as
mobility. Reliability is enhanced because of independence
from use of cabling as transmission lines. Correct selec-
tion of operating frequency limits RF attenuation caused
by the steel structure of the building.

Multiple channel radios allow simultaneous conmunication.
Should secrecy be important the audio signals can be
scrambled.

I.4,2. A standard balanced telephone line system provides good
audio gquality, is reliable and not expensive considering
its performance.

In terms of transmission lines, a balanced line telephone
would be the most suitable, since cabling is simple and
relatively cheap. However cabling impose a reduced
reliability during fires.

Depending on the communication control required (see
block diagram, figure I.1), a suitable exchange can be
implemented, whether digital, relay or standard switching
techniques are used.

I.4.3. A high quality intercom system is another option. Either
telephone handsets or loudspeakers can be used. A low
cost system will use small 50 mm high impedance loud-
speakers at all locations. Impedance matching trans-
formers may be used as necessary. Relatively good voice
guality is possible.
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Low signal levels are associated with low impedance
transducers. Amplification of both received and trans-
mitted voice signals will therefore be required. Methods
of powering these amplifiers via the two signal lines
complicate the design. Additional cabling for power make
the design more expensive than a balanced line telephone
system.

Handsets provide for more private communication than
loudspeakers.

I.4.4. One way communication will certainly be the cheapest op-
tion. This can be accomplished using voice communication
or other means.

In fact the most common building evacuation systems are
one way conmmunication systems. A 100V PA amplifier would
drive loudspeakers mounted at suitable locations through-
out the building.

Since the earliest times visual (nonverbal) signals have
been used for communication. A very basic form is to use
strategically placed labelled indicator lamps. More elab-
orate communication using alpha numeric displays can be
used to display text messages.

I.5. The operation of variocus systems.
I.5.1. UHF radio communication.

Handheld UHF two way radios provide a very effective communi-
cations network. See figure 1.2 for a proposed system.

A base station will be installed at the Control Centre to pro-
vide not only communication control, but also a more powerful
transmitter to effect communication to any point within the
building and the near proximity. The base station can have an
antenna nounted in a suitable area to provide full coverage of
the building. A suitable emergency repeater station can pro-
vide the same features,

IThe Handheld radios are kept in suitable positions were
security staff or those responsible for evacuation can obtain
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them. These radios will remain on a trickle charge to keep
them fully operational.

Spare battery packs can be used on a rotational basis. While
security staff use the handheld radios daily, some batteries
will be on charge while other are used in the radios. This
ensures that radios are tested and operational and spare fully
charged batteries are available at all times.

A suitably located repeater staticn will ensure good communi-
cation throughout the building between all radios. The addi-
tional cost of this will outweigh the improved performance of
the radios. Also, lower powered radios may then be used.

\ |/ \)/ \}/ \]/ \ |/
! |

Radio Radio Radio Radio Radio
1 2 3 4 5

Mobile Handheld radios used throughout building.

1 \1/
! s
Repeater Conmms
Station Control
Repeater Station Base Station
suitably located Control located at
in building. Centre Control Centre.

Fig.I.2. UHF radio communication.

I.5.2. A balanced line telephone system.

This system requires separate or its own cable paths but can
serve as a backup to an existing PABX telephone system. If
special care is taken in routing the cabling, the risk of fire
damage to the cabling can be reduced substantially.
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A telephone exchange which meets the system requirements will
be installed in the Control Centre. The exchange operator con-
trols the flow of communication manually.

I.5.53. An intercom system.

A two way intercom system will provide a similar service than
that of a balanced line telephone system. Instead of using
standard telephone units, a simple box with a small 50 mm
loudspeaker and a line transformer is provided. A button on
the box will provide a call facility.

The hardware cost of the intercom system is substantially less
when using loudspeaker units instead of telephones. Cabling
costs will be more or less the same for both systems.

Should an amplifier be required at each loudspeaker, this can
be powered by providing DC on the lines. A hybrid netwerk in
the amplifier separates the DC from the audio signals.

Intercon
Amplifier {(——-— Loudspeaker
-—=>
Hybrid
B Network Amplifier

I
l
|  Input to Intercom: Audio and power.

Fig.I1.3. Intercom systemn.

Switching of intercoms at the Control Centre exchange may be
done using switches, relays or electronic switching (i.e. CMOS
analogue switches). Indication of selected intercoms is indi-
cated by the switch position, i.e. switches remain in a centre
position until activated. Incoming calls are indicated by a
LED.
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Should handsets instead of loudspeakers be regquired, the de-
sign remain basically the same.

I.6. Circumstantial and budget limitations.
I.6.1. The original system.

This system has been in use since the commissioning of the
building. It requires only one operator to communicate with
fifty four extension telephones.

Unique to the design of the original system is the special
PYRO cabling used to provide telephone cabling which will
withstand the high duct temperatures in cases of fire. This
cabling has a solid copper outer core. The individual con-
ductors are isolated from the outer core by means of a powdery
substance which withstands very high temperatures before the
isclation breaks down.

The high cost of the PYRO cabling has necessitated minimiza-
tion of the number of wires per extension telephone. Therefore
only one wire per extension telephone is used. The copper out-
er core, which forms an earth return path, is used as the sec-
ond conductor. This forms an unbalanced line condition requir-
ing more complex termination of the lines.

No documentation is presently available for the original sys-
tem and therefore several design details are unknown. The
modulation technique used for communication between the exten-
sion telephone and the Control Center is an unusual technique.

Voice --> Earpiece -—> Extension
[ Amplifier Handset
{==> Hybrid !
————7 Network [
A M. Microphone
Modulator Amplifier
{—— AM {——

Fig.I1.4. Extension Telephone Block Diagram.
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The voice signal between the extension telephone and the Con-
trol Centre use amplitude modulation of which the carrier fre-
quency is 14 kHz. The voice signal between the Control Centre
and the extension telephone uses normal audio.

I.6.2. Existing cabling has to be used.

Since so much has been invested in the cabling of the original
system, the new system will have to utilize the existing ca-
bling which places many limitations on the new design.

The number of extension telephones have to be increased to
ninety six. The additional extension telephones will use
identical cabling in order to provide equivalent safety and
performance.

I.6.5. Modulation technique used in existing system.
The low carrier frequehcy used causes several problems.

An audio bandwidth of 300 to 3400 Hz is used. With a carrier
frequency of 14 kHz the lower side band will be at 10 600 Hz
(14 000 - 3400). Very good filtering will be required if high
gain amplifiers are required in the extension telephone.

From the extension telephone block diagram (figure I.4) it can
be seen that a feedback loop is formed. The hybrid network,
the earpiece and mouthpiece of the handset forms the feedback
paths under non-ideal conditions. This will require careful
attention.

I.6.4. Limited budget.

UHF radios: For an effective system a minimum of fifteen hand-
held radios will be required as well as a base station and a
repeater station. This would be too expensive for a conserva-
tive budget.

Balanced telephone system: The replacement of at least fifty
four existing telephones as well as the acquisition of new
balanced line twisted pair cabling would be uneccncmical.
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Standard telephone equipment: A limited budget will not allow
for the cost of 2 new system.

Intercom System: The cost of this system will be equal to the
cost of a new EFIS installation. New telephone line cables
will have to be installed and the present investment in ca-
bling and extension telephones forfeited.

I.7. A practical solution.
Retaining the 54 existing extension telephones, adding 42 new
extension telephones with the same cabling and redesigning and
replacing obsolete control equipment would be the most viable
and economical solution.
New features of the expanded system will be:

A second operator at the Control Centre.

First in first out (FIFO) queuing of extension telephones
awaiting a response from the Control Centre.

Real time line proving of all the extension telephone lines.
A mimic display panel to indicate the status of the EFTS,
i.e. both the status of all extension telephones and the
condition of all the extension telephone lines.

An uninterruptable power supply.
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Chapter II

DESIGN CONSIDERATIONS.

The philosophy of design of the EFTS is considered in this chap-
ter. Technical design detail is discussed in a later chapter.

II.1 Systenx Block Diagram,
The EFTS is divided into several functional blocks. These are:

Microcomputer Board.

Telephone Controller Board.
Multiplexer and Monitoring Boards.
Status Display.

Operator Telephones.

Power Supplies

Subrack and associated hardware.

SN ARHND -

A short description of scome of the functional blocks are given.

The telephone controller board processes all audio signals, gen-
erates and controls the ring tone, and generates several logic
control signals for the multiplexer monitor boards.

The primary function of the multiplexer monitor board is to
switch the voice signal between an operator telephone and an ex-
tension telephone. It also monitors the extension telephone hand-
set statuses and the extension telephone lines for faults.

The status display displays extension telephone handset and ex-
tension telephone line statuses. LEDs are used as indicators.

The operator telephones control the communication. The extension
telephone is always the slave of the operator telephone. Each op-
erator telephone consists of a handset, cradle switch, keypad and
two digit 7 segment display.
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Status Operator Operator
display Telephone Telephone
: No. O No. 1
Microcomputer Telephone
Board Controller
) Board
MM O MM 1 MM 2 MM 3 MM 4 MM 5

HE NN
stgiigsigeigsigioyi i iocieogeit s B s it 3333 P  PPEIPIIE PRI PIE
Sixteen extension telephones are connected to each MM.

MM: Multiplexer Moniter Board

Power Supplies

Input: 60V DC
Output: +5V
+24V

Fig. II.1. System Block Diagram. .

- 11 -



An Emergency Fire Telephone System. :
Design Considerations.

I1.2 Microcomputer Board.

A few years ago we were still amazed by the four function hand
held calculator. The microcomputer is applied more than ever for
sequential and logical control applicaticons. Often it is cheaper
to exploit the potential of the microcomputer than using discrete
designs.

To provide the required control facilities for this project, a mi-
crocomputer offers an economical and versatile solution. A similar
discrete logic EFTS design is more complex, the component count is
much higher, and the system less reliable compared to moderate
component count microprocessor controlled designs. Design time,
constructional simplicity and operational flexibility of the mi-
crocomputer design far outweigh that of discrete designs.

Various tasks are controlled by the microprocessor:

Continuous monitoring of telephone lines for faults.
Continuous monitoring of telephone handset statuses.
Displaying the extension telephone handset and line statuses.
Executing of operator keyboard commands.

Controlling of the audio switching.

Ringing the extension telephones.

Queuing of incoming calls.

Testing the system.

A Motorola EXORCISER development system is available and con-
sequently the powerful Motorola 6809 micro processor is used in
the new design. MPL, a high 1level language developed for the
Motorola, is well suited for development of the software. 6809 As-
sembler will only be used where necessary.
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I1.2.1 Microcomputer Input/Output Requirements.

Status Operator Operator
display Telephone Telephone
No. O No. 1
| | t | |
rows (?) voice (2) ‘ voice (2)
columns (32) keyboard (8) keyboard (8)
I dis?lay (8) display (8)
! Lo
—10~0OpRybd—
—160pDisp—
Microcomputer — 9 Ph Sw— Telephone -
Board — 575t Sel™ Controller
—3 Ring— Board
| —2Crdl —
I | |
status (8) (30) phone select
l (T) voice
- | ! l |
W T T e T T
: ? ; | 10] | 101 10 | | 101 101 |
52 8 -??I? 72 8] 2% 8172 ? 2
MM O MM 1 MM 2 MM 3 MM 4 MM 5

T TR THTE T T TR

Sixteen extension telephones are connected to each MM.
MM = Multiplexer Monitor Board

Fig. II1.2. System Block Diagram with input/cutput lines.
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IT1.2.1 Microcomputer Input/COutput Requirements.

The block diagram shows the number of input/output lines required
to control various tasks on the different boards. The in-
put/output lines on the Microcomputer Board are utilized as fol-
lows:

(i) 6 - Status display: ROW lines
(ii) 32 - Status display: COLumns lines
(iii) 10 - Operator Keyboard data and strobe lines
(iv) 16 - Operator Displays
{v) 9 - Phone switching control lines
{vi) 5 - B8tatug Selection contreol signals
(vii) 3 - Ring tone control lines
(viii) 2 - Cradle status lines
(ix) 8 -~ Status data bus
91 Total number of i/o lines

Since both software and hardware requirements determine the al-
location of the input/output ports, the final grouping of the in~
put/output lines is indicated in the Appendices.

Timing for the status display nultiplexing is derived from the
onboard real time interrupt. A multiplexing frequency greater
than 30 Hz provide a flicker free status display. An interrupt
period of 5 ms provide a 33 Hz display refresh frequency (6
columns x 5 ms = 30 ms).

(i). The mimic status display data is routed from the micro-
computer board to the status display board on the ROW and
(ii) COLumn lines.

(iii). The strobe lines of the operator keyboards are connected
to the microprocessor interrupt lines. When an operator
depress a key, an interrupt is generated which reads the
keyboard data. (viii). Similarly, a change in operator
handset status generates an interrupt which supervises
continuing processes, e.g. when the handset is replaced
all commands are cleared.

- 14 -
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(iv). The operator keyboard and display data between the micro-
computer board and the telephone controller board is
routed via the Kybd and OpDsp lines.

(v). The Phone switching lines control the switching of the voice
signals between the extension telephones and the opera-
tors.

(vii). Two of the ring lines are used to ring extension tele-~
phones. The third line controls the operator alarm.

(ix). The status data bus routes the telephone handset and line
statuses to the microcomputer board. (vi).The status con-
trol lines control status data flow on the status data
bus.

I1.3 Telephone Controller Board.
The TCB processes all audio signals, generates and controls the

ring tone, and generates several logic control signals for the
multiplexer monitor boards.

Operator Phone Audio
Keyboard Address Voice
Encoder Logic Processing
Ring Status Voltage
Address Reference
Tone Logic Power Supplies

Fig. II.3. Telephone Controller Functional Block Diagram.

The main purpose of the audio section is to provide clear commu-
nication between the operators and the extension telephones.
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Audio only Both AM and audio
T - - r Exten-
Operator Hyb! Audio - | sion
Tele- - Proces- |7 —| Switching|——
phone rid sing I Tele-
- phones

Fig. II.4. Basic Audio and Voice Switching Block Diagram.

Operator communication is explained by the above block diagram,
figure II.4. Audio is amplified and processed in the Audio Pro-
cessing block. Switching the voice signal between an operator and
2 selected extension telephone is controlled by the switching
block. Both operators may be switched to any one of 96 extension
telephones - totaling 192 switching nodes. Also see Fig. II.5.

The AM carrier frequency is 14 kHz. Reduction of the frequency
spectrum is achieved by band limiting the audic to between 300 Hz
and 3300 Hz. This frequency band is determined by the original
extension telephones, and can therefore not be altered. See the
chapter on the hardware for a full description.

The operator telephone is interfaced to the Audio Voice Process-
ing block with a hybrid network. The hybrid network prevents the
microphone signal reaching the earpiece and also blocks the DC
supplied to the telephone handset from the audio circuitry.

Electrically standard telephone handsets are used for the exten-
sion telephones. The voice signal from the extension telephones
to the operator telephones use amplitude modulation. Normal audio
is used from the operator telephones to the extension telephones.
Power to the extension telephones, each having an amplifier and
modulator, is delivered via the same telephone lines.

Audico
> Amplifier|—>— Standard

o ' Hybrid ) Telephone
< Modulator|—<— : Handset
AM

Fig II.5. Extension Telephone Blcck Diagram.
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Inducement of noise into the audio circuitry was foreseen because
of interference introduced by the monitoring of the status data
lines. See section II.4 on the Multiplexer Monitor boards fer a
description of the status monitoring.

When the status of a data latch is read by the microcomputer the
impedance of the corresponding window comparator circuitry
changes minutely thereby introducing noise into the audio cir-
cuitry. The frequency of the noise introduced is proportional to
the frequency at which the status is read.

The 96 extension telephone lines are effectively all paralleled
at the 192 CMOS switches. This 1loading effectively reduces the
input impedance of the analogue switches. The lower input im-
pedance can generate a limited amount of crosstalk between the
CMOS switches whilst in their "off" state. The high frequency of
the AM signal, 14 kHz and the sidebands, introduce additional
crosstalk.

The status of each extension telephone line is monitored by two
window comparators. The high input impedance of the voltage com-
parators have negligible loading on the low impedance telephone
lines.

The low "on" resistance of the analogue switches (150 Ohm) cause
little signal degradation. The high "off" resistance of the
analogue switches result in minimal cross talk between channels.

A ring tone is generated both for the operator and the extension
telephone. To aid quick cognizance in the busy Control Room the
ring tone differs entirely from that of the G.P.0. telephones.
The ring tone is switched to:

the extension telephone operator 0 is ringing, or
the extension telephone operater 1 is ringing, or
the operator telephones/audible alarm.

Due to the common earth return path of unbalanced telephone lines
merely one switch per extension telephone is required. CMOS
analogue switches effect a compact and reliable switching ar-
rangement.

- 17 -
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Figure II.6 indicates the switching of the 96 voice signals to
the two operators. Each operator may be connected to any one of
the 96 extension telephones with one proviso: both the operators
may never concurrently be connected to the same extension tele-
phone. Excessive signal degradation will result from loading a
line.

- 956 point
S6 A Switching Operator 1
I i Matrix
extension —— n
P
lines — u 96 point Operator 2
- t Switching
I Matrix

Fig. XI.6. Audic switching matrix.

II.4 Multiplexer Monitor Boards.

The primary function of the multiplexer monitor board is to
switch the voice signal between an operator telephone and an ex-
tension telephone. It also monitors the extension telephone hand-
set statuses and the extension telephone lines for faults.

The power requirements of an extension telephone is such that
with the extension telephone handset replaced, the power drawn is
approximately 10 mA, and with the handset lifted approximately 7
mA.,

The extension telephone is powered from a 24 volt source via 1200
Ohm series resistor. When a handset is lifted the line voltage is
approximately 10V. With the handset replaced the line voltage
rises to approximately 12V. -
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Extension
+24V F——— 1200 Ohn Telephone 10V
vr vt
It vr vt
Handset up TmA 8,4V 15,6V
Handset replaced 10mA 12,0V 12,0V

Fig. II.7. Window Comparator Voltages.

The effect of the line resistance is not taken into consideration
in above calculation.

Line veoltages outside these parameters indicate the presence of
line faults (figure II.8). Two voltage comparator windows are set
up. The one window checks between 20 and 12 volt, the other be-
tween 12 and 8 volt. The selected window voltages give the most
consistent and reliable results.

24V F i
, FAULT: | Open circuit line
20V f i
r NORMAL: : Handset lifted
12V ; i
NORMAL: Handset down
gv I
FAULT: Short circuit line
oV ; |

Fig. II.8. Status comparator window limits.

While ringing, the extension telephone power consumption rises
and the line voltage drops to below 8V and fault status monitor-
ing is disabled to inhibit false alarms.

-
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II.5 Status Display.

Extension telephone line fault statuses and handset statuses are
indicated on the Status Display using red and green LEDs respec-
tively.

The display of 192 different statuses reguires too many micro-
computer input/output lines and therefore LEDs are multiplexed to
conserve microcomputer i/o lines.

The 192 indicators are divided into six rows of thirty two
columns each. Each extension telephone has two statuses associa-
ted with it, namely handset and fault statuses. The handset
statuses are numbered from O to 95 and the fault statuses from 96
to 191. Also see figure II.9.

Teiephone No Handset status No Fault status No
1 - 32 0 - 31 96 - 127
33 - 64 32 - 63 126 - 159
65 - 96 64 ~ 95 158 - 191

LEDs may be steady or they may blink. A flashing fault LED indi-
cates a new extension telephone line fault which has not been
acknowledged by the operator (the audible alarm is activated if
both operator handsets are down). A fixed (non-flashing) fault
LED indicates a fault which has been acknowledged by the operator
(the audible alarm is de-activated by the acknowledgement made by
the operator).

When an operator is connected to an extension telephone the cor-
responding LED is steady. The green LED flashes when the operator
rings an extension telephone of which the handset is down. As
soon as the extension telephone is lifted the green LED stops
flashing. The corresponding green LED will also flash when an ex-
tension telephone is lifted tc call the operator.

- 20 -
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ROW O |7/ \\——| ROW 4 |/ \\—| ROW 6
Phone Fault Fault
COL O|No 1 COL O/No 1 COL O/No 65
St 0 St 96 St 160
Phone Fault Fault
COL 1{No 2 COL 1|No 2 COL 1!No 66
St 1 St 97 St 161
Phone : !Fault Fault
COL31No 32 COL31|No 32 COL31[No 92
5t 31 __‘_“JSt 127 St 191
No - Extension Telephone number
St - Extension Telephone status number
Phone - Extension Telephone status indicator (green)
Fault - Extension Telephone fault status indicator (red)

Fig. II.9. Mimic numbering.

In the mimic status display each row transistor sources thirty
two column transistors. A LED is enabled when the row transistor
and the corresponding column transistor is enabled.

Whenever a row transistor and any of its associated column
transistors are enabled, the corresponding LEDs are enabled. In
this way, instead of using 192 row and column contrel lines, only
38 lines are used to control the 192 LEDs.

The row transistors are selected for worst case conditions. This
occurs while executing a lamp test, then all the column
transistors for each row are on. The maximum instantaneous cur-
rent to a row is 32 x 25 mA = 800 mA.
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The column transistors each enable only one LED, i.e. source a
maximum of 25 mA. Row transistors therefore require a higher
power rating than that of the column transistors.

Each row transistor is successively enabled for 1 ms every 6 ms.
Switching transistors are used fer this purpose. The optically
less efficient green LEDs are driven harder than the red LEDs -
50 mA as opposed to 25 mA (instantaneous current).

IT.6 Operator Telephone.

The operator telephones control the communication. The extension
telephone is always the slave of the operator telephone. Each op-
erator telephone consists of a handset, cradle switch, keypad and
two digit 7 segment display.

The operator telephone two-digit-readout displays the extension
telephone number entered by the operator on the keypad, or the
number which he is ringing, or the number which he is connected
to.

The operator telephone uses standard unmodified balanced 1line
audio circuitry.

A 16 key keypad is used. The 4x4 keypad matrix (8 lines) is en-
coded on the TCB to four data lines in addition to a strobe line
(5 lines). The encoded data (TCB) is connected to the Micro-
computer Board. See figure II.2 for the I/0 lines.

Sixteen data lines are used to output operator dispiay data from
the microcomputer to the operator numeric displays - eight lines
per operator display. The operator display data is decoded by two
BCD to seven segment decoder/drivers in the operator telephone
housing.

A red operator telephone is used, making its use as emergency
telephone more obvious.
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Keyboard (7 4 data lines

4x4 Decoder
Keypad 8 lines (on TCB) |~/ 1 strobe line

two seven

digit segment 8 data lines
display 14 lines decoders
Audio

2 audio lines

Circuitry (Balanced line)

Fig. II1.10. Operator Telephone Block Diagram.

II.7 Power Supplies.

The main power source is a 60V battery supply. The voltage may
increase to some 72V when the batteries are charged. Switching
power supplies are most suitable for such wvarying supply
voltages.

The project specifications require all telephone circuitry to op-
erate from a 24V source. Logic circuitry operates at 5 volt.

Fault status monitoring circuits require reference voltages for
the window comparators. Three voltages (8V, 11V and 14V) are sup-
plied with minimal current source.

II.8 Subrack and associated hardware.

Console equipment is made up of the operator telephones and the
mimic status display. The subrack, including the rack mounting
frame, Main Distribution Frame (MDF) and the cable termination,
is separated from the console equipment and installed in a dif-
ferent location.

The operating environment influences operater efficiency. Ease
and simplicity of use of the EFIS is of prime importance.
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Therefore operator involvement should be as simple as possible.
Only basic operations are required. Operator training is given to
familiarize them with all operational features.

Similarly the status display is made simple and clear. Correla-
tion of the telephone number with the telephone position within
the building is facilitated by using a mimic display.

Care is taken to ensure that the operator position relative to
the status display is such as to make viewing and operation most
efficient. Unnecessary operator movement is minimized by correct
placement of the operator telephone on the operator console.

Since the status display is legible and bright, changes in light-
ing conditions will not affect the visibility and clarity of the
EFTS displays.

Frequent emergency exercises ascertain thorough testing of the
system.

The particular rack equipment is selected for easy maintenance of
the system and for its robust construction. The rack size is
determined by the standard used for telephone equipment by the
Cape Town City Council.
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Chapter III

HARDWARE DESCRIPTION.

NOTE: Please refer to the detailed circuit diagrams in the Appen-
dix.
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Chapter III
HARDWARE DESCRIPTION.

III.1 MICROCOMPUTER BOARD.

Please refer to drawing SK3818, sheet 10, in the Appendix for the
microcemputer board circuit diagram.

The Microcomputer Board is designed as a mnultipurpose single
board computer (microcomputer board). Not all the possible op-
tions are utilized in the EFTS application. The microcomputer
board is specifically designed to provide a large number of
parallel input/output lines. No serial communication is provided.
TIwo kilobytes of RAM is provided and two to sixteen kilobytes of
EPROM.

Six PIAs provide 96 input/ocutput lines. An additional 22 control
lines are available. These lines are all connected to the edge
connectors of the printed circuit board.

A real time interrupt can be obtained by connecting a divided
clock signal to any one of the PIA CAO lines. Additional timing
signals may be derived from the same frequency divider.

A hardware watchdog circuit provides an automatic reset of the
system should any software or hardware failures interfere with
timing loops. The watchdog may be disabled if so required.

4 reset switch provides a controlled restart for the micro-
computer board.

III.1.1 6809 Microprocesscr

Please refer to drawing SK3818, sheet 10, in the Appendix for the
Microcomputer circuit diagram.

A Motorola MC68B09 nmicroprocessor (U3) controls the_single board
computer. A 4MHz ceramic resonator acts as external parallel
resonator to an on-chip oscillator to generate the bus timing
signals, E and Q. The ceramic resonator is used in preference to
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the more expensive crystal. A 4MHz oscillator frequency provides
an effective 1 MHz bus frequency. (The E bus timing signal is a
quarter of the clock frequency).

The NMI, IRQ and FIRQ lines are tied high, but the IRQA and
IRQE lines from each of the six PIAs can be wire-ORed to the
desired interrupt line of the 6809. The PIA Allocation tables in
the Appendices provide full detail on which interrupt lines are
used.

IIT.1.2 EPROM (U4)

By making appropriate links, the user has the option of using a
2k, 4k, 8k or 16k EPROM in the U4 socket. In this application a
2732 EPROM is used. See the Microcomputer Board circuit diagram
in the Appendices for which link to set to facilitate the use of
the 2732.

ITI. 1.3 RAM

Static RAM (U5) used is 2k x 8 at locations $0000 to $O7FF.

III.1.4 Clock Divider

The CD4020 (U1) 14 bit binary counter divides the 1MHz system
clock. One of the divider outputs may be connected to the CA1
line of PIAOA (U10) to generate a real time interrupt to the mi-
croprocessor. Connecting the divide by 2'% pin to CA1 will gener-
ate an approximately 16 ms interrupt. During the initialization
PIAC needs to be configured to generate an interrupt when CA1 is
toggled.

PIAOC has to be initialized with the CA2 line as an input to gen-
erate an interrupt. See the RESET, PIAOA initialization routine
in the Source Code Listing for more detail.

ITI.1.5 Address Decoding .
Address decoding is accomplished by using a decoding PROM (U6)
and a three-to-eight decoder (U7). The binary output from the

decoding PROM is decoded by a three to eight decoder which
selects the desired memory chip.
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III.1.6 PIA's (U10 - U15)

Six €821 PIA's are available to the user. Each PIA provides two 8
bit programmable i/o ports and four handshaking lines. The IRQA
and IRQB lines of the PIA's may be wire-ORed to the micro-
processor interrupt lines.

See the PIA Allocation table in the Appendices for the ap-
propriate wire-ORed IRQ lines. The CA lines used as inputs to
generate IRQ's are labeled: TIMER, KYSTRBO, EKYSTRB1, CRADLO and
CRADL1.

The output of the divider (U1) is connected to CA1 of PIAO. PIAO
is programmed to generate an interrupt to the microprocesscr
{IRQA line) with the CA1 line. The interrupt service routine
causes CA2 to be toggled in order to retrigger the watchdog
timer.

All the PIA i/o lines are connected to the edge connector.

ITT.1.7 Watchdog (U9, U17)

The watchdog circuit consists of a dual monostable IC (U9) and a
555 (U7) set up as an astable multivibrator. At power-up, or
after pressing the system RESET button, monostable B provides a
100 ms RESET pulse. The start-up routine takes CA2 (PIAO) low
until a pulse is received from the divider circuit connected to
CA1. The PIA is programmed so that CA2 goes high as well as gen-
erate an interrupt on IRQA when CA1 goes low. The interrupt ser-
vice then cause CA2 to reset again (goes low).

Monostable A is continually re-triggered during normal operation
of the system. Should a hardware or software fault occur and the
interrupt is not serviced, monostable A times out and the astable
(IC17) is activated which then provides a string of RESET pulses.
The watchdog can be inhibited by strapping the RESET pin of
monostable A to ground.
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ITI.1.8 Edge Connector

Port A, Port B and the control lines of each of the six PIA's
(CA1, CA2, CB1, CB2) are connected to the two 64 pin edge con-
nectors (labelled A and B respectively). Each edge connector has
two rows of 32 pins (a and ¢ respectively e.g. PIA3, the eight
bits of PAO - PA7 are connected to pins B ¢9 - B ¢2 respective-

ly).

The Microcomputer Board connector pinouts are tabled in the Ap-
pendices.
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HARDWARE

ITI.2 TELEPHONE CONTROLLER BOARDS:

Please refer to drawing SK3818, sheet 1 and sheet 2, in the Ap-
pendix for the Telephone Controller Board circuit diagrams.

The Telephone Controller board consists build of:
Logic circuitry composed of:

Keyboard encoder
Status addressing
Multiplexer addressing

and,
Analogue circuitry composed of:

Audio circuitry; AM demodulator, filters
and amplifier and Ring generator.
Reference voltage power supplies

Initially it was attempted to design a single printed circuit
board incorporating all the above functions which served both op-
erators concurrently. This approach was prevented because too
many control lines had to be connected to the edge connectors and
could not be achieved using the available printed circuit board
manufacturing equipment.

Each Telephone Contreoller Board (TCB) serves one operator. TIwo
identical TCBs are used (i.e. TCBO and TCB1) and duplicate logic
and analogue circuitry exist. However, the reference voltage and
ring tone generator on TCB1 are not used and not connected to the
backplane.

Even though the TCB's are functionally identical, the boards may
only be interchanged once links on the TCBs are correctly set up
for the particular board pesition in the rack.
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Figure III.1 indicates the fundamental functions of the TCBs. An
elementary description is given below.

The keyboard encoder encodes the operator 4x4 keyboard array. The
data is output to the microcomputer board with the necessary con-
trol signals.

The majority of the logic control signals for the audio multi-
plexer I.C.s and the status data latches, situated on the Multi-
plexer Monitor cards (MM), is generated on the TCBs.

The line statuses of extension telephones are monitored on the
multiplexer monitor boards. The status selection logic signals
control data flow on the 8 bit status bus between the status data
latches on the MMs and the microcomputer board. The CARD SELECT
signals select one of the six MMs. The BYTE SELECT lines then
selects one of four data latches on the selected MM. Status data
may then be read by the microcomputer board.

|
Status data bus —7 T jJJ

Status
Microcom- Data latches

puter brd

|

|

|
L

CARD SELECT and

| |
STSEL Control lineT
BYTE SELECT lines

Status TCB |
Selection l
Logic

Fig.III.2. Status Selection.

Three logic signals are used for the audio processing. The three
lines control the ringing of the two extension telephones
selected by the operators and the operator audible alarm.
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The control of the multiplexer I.C.s on the MM's is shown in the
Audio Selection portion of figure III.1. Each operator's exten-
sion telephone 1is addressed separately by the microcomputer
board. The address data for a particular extension telephone mul-
tiplexer I.C. 1is latched before the address data is further
decoded by the 4-to-16 decoders. The MUX lines select a2 multi-
plexer IC on one of the MMs. The PHON lines connect the operator
voice signals to a particular extension telephone on the selected
multiplexer IC.

II1.2.1 Keyboard Encoder

A T74C522 (U6) 16-Key keyboard encoder, used in a standard con-
figuration, encodes the 4x4 Kkeypad. The strobe line (KYSTRB)
goes high with every key depression. Key debouncing is performed
by the encoder chip. The auto-repeat facility is not used.
III.2.2 Status Addressing

The five status address lines output from STSEL (PIA4A) are
grouped as follows:-

b0, bt - STMXA - Status Mux Address
selects one of four data latches on the Multiplexer
Monitor boards

b2, b2, b3 - STCRDSEL - Status Card Select

selects one of the six Multiplexer Monitor boards

Also see figure III.2.

Bits b2 - b4 are decoded by a 3-to-8 decoder (74LS138, U8) to ob-
tain eight Status Card Select (STCRDSEL) lines. Only six of the
eight Status Card Select lines are used, i.e. one STCRDSEL line
per Multiplexer Monitor board.
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P S

I . T b2 —>— ——>— STCRDSEL 1, STCRDSEL 2
A . S b3 > 53 to 8 ——>— STCRDSEL 3, STCRDSEL 4
4 . E b4 —>— decoder ——>— STCRDSEL 5, STCRDSEL 6
A L ——>— STCRDSEL 7, STCRDSEL 8

Fig. III.>. Status card select decoding.

The STCRDSEL line selects one of the six Multiplexer Monitor
cards.

STAISEL control word bits b0 and b1 are decoded to obtain four
chip select lines (STMXA, Status Multiplexer Address) by the 2-
to-4 line decoders (74LS139, UT7). The STMXA lines enable one of
four status data latches on a Multiplexer Monitor board if the
corresponding STCRDSEL is enabled. STMXA lines are bussed to all
the Multiplexer Monitor boards.

P s

I. T |

A .S bo —>—— 2 to 4 |=——>=— STMXA O, STMXA 1
4. E bl —>—| decoder |=—=)== STMXA 2, STMXA 3
B L E

Fig. ITI.4. Status address multiplexer decading.
Each of the STMXA lines selects one of the possible four multi-

plexer I.C.'s on the Multiplexer Monitor Board which are enabled
by the STCRDSEL line.
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'STATSEL Control Word

7 T T 7

l7:6:5E4!3i 11!0
=
|

CRDSEL (T) (2) MUXSEL
8
3 to 8 2 to 4
Decoder Decoder
il ;
SICRDSEL O to 7 STMUXA O to 3

Fig. III.5, Status Decoding Block Diagram.

If STCRDSEL is enabled, STMUXA selects one of four tri-state data
buffers.

Status data latches

latch O latch 1 latech 2 latch 3
| i '
STMXA 2 ‘STMXA 2
STMXA O ] r* STMXA 3
STCRDSEL n > 2-to-4 decoder < STMXA

Status Address decoder: -

Fig. III.6. Addressing the Status data latches on the MM.
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To summarize again, using figure III.6. The status data of a MM
is selected by enabling the STCRDSEL (STCRDSEL n in the diagram
for that card). STMYXA selects one of the four data latches. The
selected data latch routes the line statuses, established by the
window comparators, to the single board computer via the status
data bus.

I11.2.3 Multiplexer Addressing

Extension telephone number data is output from PIA3B to the two
Telephone Controller Boards. Each Telephone Controller Board
latches the extension telephone number addressed to it. On each
board the 74LS374 (U1) tri-state octal D-type flip flop latches
the extension telephone number data. The latch enable line 1is
controlled by the most significant bit of PIA3B (PSEL line).

The latch enable strobes for the two boards are generated on the
first Telephone Controller Board by one of the 3-8 decoders of
the 74LS139 (U9). By making the appropriate links on both Tele-
phone Controller boards the latch enable signals are connected to
the data latches.

Figure III.1 shows the relationship between the control lines of

the MMs and TCBs. Also refer to the complete circuit diagram in
the Appendices of the MM Board.
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TTT data stable
XXX data indeterminate

PSEL bO — b6 ’

r Operator O multiplexer
PSEL b7 XXXXX addressing
STROBE L
IPHON and XXXXXXXTTTTTITITT data correctly latched
STMXA
PSEL b0 - bé XXXXXTTTTTYXXXXX Operator 1 multiplexer

____—_1__m_ addressing

PSEL b7 XXXXX
STROBE -
IIPHON and AAXXNAXTTITITTTT data correctly latched
TIMUXA

Fig. III.7. Multiplexer Control Timing Diagram.

The timing diagrams in figure III.7 reveal the relationship be-

tween the control signals. The PSEL b0 - bé lines contain the
telephone number data, whereas b7 determines to which the exten-
sion telephone is connected. Once the PSEL data has stabilized,
the selected data latch is strobed (STROBE) to latch the data on

the PSEL b0 - b7 lines.
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I11.2.4 Multiplexer Addressing and Control Word (CNNCI).

CONNCT Contreol Word

bt — e p =t —+
76543210

T:T-+—+_+_T-+_+-+
b?“J l
If b7=0
If b7=1
4 to 16 4 to 16
Decoder Decoder
| |
| |
bl et s bk s et e Dl D D e e L e et skt +=t—t—+
IFEDCBAS876543210 |ABCI
e e e e s S e T s
I PHON I MUXA
Operator O Operator O
Mux Mon Board Select Multiplexer Address !
i
| |
F—p—t—t—t—fp—F—t—t— b —t b —p— b —f=F fmf—t—t
IFEDCBASS876543210l laBcl
bt —dmt—d et —F et —F =t =t —p— ==t —F +—F—F+—+
IT PHON II MUXaA
Operator 1 Operator O
Mux Mon Board Select Multiplexer

Address

Fig. III.9. Multiplexer Addressing and Control Word (CNNCT).

If b7 of CNNCT is zero Operator O audio multiplexers are
selected. When b7 is set, Operator 1 audio multiplexers are

selected.
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The I PHON line enables the Multiplexer Monitor Board's audio
nultiplexers for Operator 0. The multiplexers are addressed by
the I MUXA lines.

1I1I.2.5 Links
See the Telephone Controller Board circuit diagram.
First Telephone Controller Board: TCBO
Connect CSQ to CS
PSEL CS to CS1

Second Telephone Controller Board: TCB1
Connect PSEL CS to CS

links
P P . Cso
I . S b —>— 3 to 8B TR % >— (£S5 to ist TICB
A . E . 7
3 L decoder T>Te o= > — PSEL CS to
Cs1 2nd TCB

CS - Chip Select

Fig. I11.8. Phone select decoding.

II1.2.6 Vecltage Translators

The Multiplexer I.C.s operate from a 14V supply voltage. The
logic contrel signals (IPHON, IIPHON and MUXA), which originate
from 5V circuits, are translated to the higher voltage levels
using 7407 open collector buffers (U3, U4, US5).

I1I1.2.7 Audio Circuitry

Voice signals on the MUX audio line contains both audio and AM
signals. AM is used from the extension telephone to the operater
telephone. Normal audio is used from the operator to the exten-
sion telephone.
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AM Cﬁrrier
} Audio ' [47Lower ’ Upper I
I Frequency | Sideband || Sideband |
300 3400 11,6k 14k 17,4k

Frequency axis
Fig. II1I.10. Voice and AM Frequency Spectrum.

The 14kHz AM signal is filtered by a high pass filter, U112, and
then demodulated. The demodulator signal losses are minimized by
applying a 0,6 V offset to the demodulation diode. The demodu-
lated signal is filtered and amplified by a band limited audio
amplifier (U11a). The 680pF capacitor of U1ta shunts the internal
pole-splitting capacitor of the LM381 to limit the freguency to
6kHz (See Bibliography for more detail). The band limited audio
is output to the operator telephone via the hybrid circuit.

The audio from the operator telephone to the MUX line is
amplified by an LM381 inverting frequency compensated AC
amplifier, U11b, with a high frequency cutoff at 5kHz, The LM381
is used in the suggested special bias, low noise configuration.

The impedance matching of the hybrid network is adjusted with 1k
cermet potentiometer. Proper adjustment of the hybrid impedance
ensures minimal feedback between the operator microphone and ear-
plece.

I11.2.8 Buzzer

A 556 dual timer circuit generates the ringing tone. Refer to
the full circuit diagram of the TCB, SK3818 sheet 2, in the Ap-
pendix. Transistors T1, T2 and T3 switch mercury wetted relays to
connect the ringing tone to MUX0, MUX1 and the operator audio

alarm respectively. The operator alarm is mounted on mimic status
display board.

Mercury wetted relays were used because of its high reliability.

The mercury wetted relays have internal back e.m.f. diodes.
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III.2.9 Reference Power Supplies

Minimal current is supplied by the four reference power supplies
since they are primarily reference voltages to the Multiplexer
Monitor Boards. U12 (LF351, high pass filter) and the analogue
multiplexer (CD4051, U17 to U20) I.C.s on the Multiplexer Monitor
Boards are powered by the +14V supply.

Standard LM317 voltage regulator circuits are used. The voltages
used are:

+8 volt - for short circuit faults
+12 volt —~ for extension telephone handset statuses
+20 volt - for open circuit faults
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HARDWARE

ITTI.5 MULTIPLEXER MONITQOR BOARD

Please refer to drawing SK3818, sheet 3, in the Appendix for the
detailed circuit diagram of the multiplexer monitor board.

Each Multiplexer Monitor board (MM) multiplexes voice signals and
monitors telephone lines for sixteen extension telephones. Six
MMs are used in the EFTS.

The veoice signals of the 96 extension telephones can be switched
to the two operators. There is one requirement: both operators
may not simultaneously be connected to the same extension tele-
phone,

The two Operator O multiplexers (U17. U19) are addressed by OP#0
BSEL and enabled by OF0 CSO or OP1 CS1. Operator 1 multiplexers
(U18, U20) are addressed by .0P#1 BSEL and enabled by OP1 CSO or
OP1 CS1. These control signals are derived from the two Tele-
phone Controller Boards.

One microfarad capacitors on each of the extension telephone
lines block the DC on the extension telephone lines from the mul-
tiplexer I.C.s. The signal that is switched by the CMOS analogue
switch contains no DC component.

The voltage of the line switched by the CMOS switch may not ex-
ceed the power supply voltages. Line protection is provided to
clamp the extension telephone line voltages to ensure that these
parameters are not exceeded.

Noise and voltage spikes on the extension telephone lines are
clipped by clipping diodes on every line.

To simplify printed circuit board layout and to make maintenance
easier all the voltage comparator circuits are physically identi-
cal. Consequently only three of the four comparators in each quad
voltage comparatoer package (LM339) are used to promote efficient
circuit board layout. .

Each extension telephone line is monitored for open circuit and
short circuit faults. The LEDs, mounted onboard the multiplexer
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monitor board, display the extension telephone statuses. The on-
board LEDs are provided as a maintenance aid. The outputs of the
window comparators are buffered by four status data latches
(74L8373, U22, U23, U24, U25).

The STATUS bus outputs the statuses, established by the window
comparators, to the microcomputer board subsequent to STAT BYT
and STCRDSEL lines being enabled. Refer to figure III1.11.

HHH data stable
XXX data indeterminate

STMXA bO — b1 xxxxXHHHHHHxxxxx % (or STAT BYTE)
STCRDSEL L
STATUS bus xxxxxxrHHHxzxxx %X data only valid during

STCRSEL

Fig. III1.11. Status Contrel Timing Diagram.

The extension telephone handset status is determined by measuring
the line voltage. When the handset is lifted the line voltage
exceeds +12 V (green LED enabled). With the handset down the line
voltage is less than +12 V (green LED disabled).
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16 Extensicn telephone lines

R ERRER

(7 |
—{>— 1 1 1 i1 1 4 1
112 |3 {4 (5 |6 {7 8 (9 /011|213 415 |6
| i
IR ]LLL’L[LH_LL J_F_ P
{16) ’ '
Voice Handset Status lines (16)
< —1
Fault Status lines (?6)
I 1 i i
Status Card Select (§) (8) EE) (§)
~>|=(1)—| Status| | 3 State| | 3 State 3 State 3 State
Address—1 Buffer | Buffer Buffer [1 Buffer
—>|7(3)—| Logic T T T T
(8) (8) (8) (8)
Status Byte Select ? > ? § > —
Status data bus to Microcomputer Board

(?6) Voice lines to/from Extension telephones

< pd f < > T < > T < > ]
> MUX 8 to 1 1 8 to 1 8 to 1 8 to 1
MUXO0 |Address Mux —{ Mug Mux 1  Mux
T >~ | Logie '
o ] I
Voice MUX Addresses <> 71>
(]) (?)
|

Operator © ) Operator 1

Veoice line Voice line
STCRDSEL - Status Card Select. STATBYT - Status Byte Select.

Fig. III.12. Multiplexer Monitor Board Block Diagram.
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ITT.4 MIMIC DISPLAY

Pesitioning of LED's on the Mimic Display indicate the relative
positions of the extension telephones throughout the CTACC. Only
74 extension telephone of a possible 96 are indicated on the
present Mimic display.

The 192 LED's are grouped into six ROWs of thirty two COLumns
each. Whenever a ROW is enabled, the corresponding 32 COLumns
may be enabled to display the extension telephone statuses,

High efficiency LEDs are used for good legibility. The less
bright green LEDs are driven at their maximum instantaneous cur-
rent of 25 mA to compensate for their lower intensity.

NOTE: LED's on the Mimic display should never be al-
lowed to be switched on unless they are nulti-
plexed. The LEDs dissipate maximum power vwhile
being multiplexed and will be destroyed if
switched on perpetually.

The LEDs are continually multiplexed. Only when a fault occurs on
the microcomputer board will the multiplexing be terminated. The
fault may be cleared by resetting the Computer Board. Should this
not restore the multiplexing the EFTS must be switched off and
the Computer Board checked.

The operator audio alarm, mounted on the status display printed
circuit board, is generated on Telephone Controller Board 0. The
piezo electric buzzer is pulsed with a 5 V DC voltage to facili-
tate invoking the operator alarm.

Flashing red LED's indicate new faults. Steady {non flashing)
red LED's indicate faults that have been accepted.

Green LED's indicate extension telephone statuses. When flashing
it could mean:

The extension telephone handset is re- .
placed and the operator is ringing him.
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The extension telephone handset has been
lifted. The call will be gqueued and the
operator connected to him at a later
stage.

A steady green LED indicates that an operator is connected to an
extension telephone.

Should both a red and green LED be on (flashing or steady), an
open circuit fault condition exists on the line of the extension
telephone.

The table given below may be used to obtain the ROW and COLumn
numbers of the green and red LEDs.
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Row and Column matrix of LEDs,

| T T — T ] T
GREEN | RED ,
| i ! 1 i
Column Row O{Row 1, Row 2 Column Row 3 Row 4 Row 5
1 1 33 65 1 1 33 65
2 2 34 66 2 2 34 66
3 3 35 67 3 3 35 67
4 4 36 68 4 4 36 68
5 5 37 69 5 5 37 79
6 6 38 70 6 6 58 60
7 7 39 71 7 7 39 71
8 8 40 72 8 8 40 72
9 S 41 73 9 9 41 73
10 10 42 T4 10 10 42 T4
1 11 43 . 1 11 43 .
12 12 44 .- 12 12 44 .
13 13 45 . 13 13 45 .
14 14 46 . 14 14 46 .
15 15 47 . 15 15 47
16 16 48 . 16 16 48 .
17 17 49 . 17 17 49 .
18 i8 50 . 18 18 50 .
19 19 51 . ’ ’ 19 19 51 .
20 20 52 . 20 20 52 .
21 21 53 . 21 21 53 .
22 22 54 . 22 22 54 .
23 23 55 . 23 23 55 .
24 24 56 . 24 24 56 .
25 25 57 . 25 25 57 .
26 26 58 . 26 26 58 .
27 27 59 . 27 27 59 .
28 28 60 . 28 28 60 .
29 29 61 . 29 25 61 .
30 30 62 . 30 30 62
31 31 63 . 31 31 63 .
32 32, 64 . . 32 32 64, .

Telephone no. 56: the green LED is in ROW 1 and COLumn 2.
Telephone no. 38: the red LED is in ROW 4, and COLumn 6.

Fig.

II1.15. LED Row and Column Matrix Table.
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IiJ.5 OPERATOR TELEPHONES

Please refer to drawing SK3818, sheet 6, in the Appendix for the
detailed circuit diagram of the operator telephone.

Standard Siemens Master 111 telephones are used for the operator
telephones. The rotary dials are replaced with 4x4 keypads. The
two digit seven-segment displays, with the associated driver cir-
cuitry, have been added to the units.

A D-25 connector terminates the operator display ribbon cable to
the microcomputer board. Voice lines are connected to pins 24 and
25 of the same connector.

The operator telephone circuit diagram drawing SK2818 Sheet 6 is
provided in the Appendix. A wiring schedule is also supplied,
see: the "Operator Telephone to Telephone Controller Board"” and
"Backplane Wiring" wiring schedules.

IT1.6 EXTENSION TELEPHONE

Please refer to drawing SK3818, sheet 7, in the Appendix for the
detailed circuit diagram of the operator telephone,.

The audio design philosophy of the system has been largely
determined by the original design of the extension telephones.
Communication from the extension telephone to the operator tele-
phone use AM. A 14 kHz carrier frequency is used.

Each extension telephone is pcwered by the single extension tele-
phone line and the ground return telephone line provided by the
PYRO cable (+24 V with 1 200 ohms series resistor). When the ex-
tension telephone handset is down, receiver gain is increased to
facilitate the a2 loud ring tone. When the handset is down, power
consumption is reduced such that the line voltage increases to
approximately 13,5 V,

The microphone signal is amplified by IC2 (pin1). .IC1 (pin 7)
provides the carrier. The carrier signal is modulated with the
audio signal of IC2 (pin 7) in the transformer (LT60). IC2 (pin
7) is configured in a low pass filter mode in order to reduce the
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high frequency content of the audio signal. The microphone char-
acteristics automatically reduce the low freguency content in the
siznal.

The received audio signal is buffered with the IC1 (pin?) audio
amplifier. This has a low pass filter in its input stage to fil-
ter out the carrier frequency. When the handset is replaced,
switch S2 increases the earpiece volume by increasing the feed-
back level.

The switch S1 determines the extension telephone filtering char-
acteristics during the high gain operation.

IIT.7 POWER SUPPLIES

DC Power for the system is provided by two VERO MONOVOLT GK60
switching supplies which operates from a DC source which varies
between 24 V and 72V.

The povwer supplies were selected for worst case operating condi-
tions.

i. All LEDs are illuminated on the Status dis-—
play and on the Multiplexer Monitor Boards. A Max-
imum of 32 LEDs are on at a time on the Status
Display and 96 LEDs on the Multiplexer Monitor
Boards.

ii. One operator display with all segments of the
two digits illuminated.

iii. The audio alarm active.

iv. The normal power supply requirements of the
eight boards in the rack.
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Power requirements are:

Extension Telephones (96X)- +24V - 0,0124A = 1,2004
Operator Telephones (X2) - +24V - 0,0204A = 0,04A
Mimic Status display (32X)- +5V - 00,0304 = 0,960A
Multiplexer Monitor(xé) - +12V -
-12Vv .-
+5V - 0,6404 = 3,24
+24V - 0,2004A = 1,24
Telephone Controller(x2) - +12V -
-12V -
+5V - 0,3004 = 0,6A
+24V - 0,0404 = 0,084
Single Board Computer - +5V - 1,54

Worst case total power requirements:

+5V - 6,3A
+24V - 2,64

The +12V and ~12V is derived from the +24V supply. It is used for
the voltage comparator circuits.

The power supplies used are:

+ 5V at 12 A, and

+24 V at 2,5 A.
Since these worst case considerations are not possible, the +24V
@ 2,5A power supply power rating would not be exceeded.

ITI.8 BACEPLANE WIRING

The complete wiring schedule is given in the Appendix. Bussing is
clearly indicated by the names given to all functions in the
wiring schedule in the Appendices.

Point to point wire wrapping is used. A heavier gauge wire ls

used to make allowance for high currents of the power supply
lines.
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Chapter IV

SOFTWARE DESCRIPTION

Please refer to the 'Software module description' and the 'List
of Variables' for a list of mnemonics used in the software.
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Chapter IV

SOFTWARE DESCRIPTION

IV.1 Software Background

4 high level language such as MPL is generally well suited for
applications such as this one.

The Motorola EXORCISER compiles the MPL socurce code into 6809 As-
sembler modules. The object modules, whether originally Assembler
or MPL, are linked together by the 6809 Linker to form the object
code.

The available MPL compiler is an upgraded version of the 6800
Motorola MPL compiler. The advanced addressing modes of the 6809
microprocessor had not been implemented into this 6809 Motorola
MPL Compiler. Some MPL routines compiled into very inefficient
Assembler code because some powerful 6809 instructions were not
exploited. :

Since the mimic status display LEDs are multiplexed the software
is time dependent. Data to the Status Display has to be updated
every 5 ms in order to provide a flicker free display.

The Status display interrupt service routine interspaces normal
processing. The Status display service call is the highest
priority task, and is invoked by a 5 ms real time interrupt. The
execution time of the Status display interrupt service routine
(tmim' ) has to be as short as possible to allow the maximum time
for other processing (t ) to be done.

Figure VI.1 shows this concept graphically. If t ..;. 1s too
long, insufficient time remains for normal processing.

——[MIMIC, row 2]—[MIMIC, row 6]—  [MIMIC, row 10]— I
_—h-mim'c___) J__* mim'c__—’ -t imi O _ _'
h— dlspiay —t, dlspiay —t T ﬁlspiay t,
update update update
other other other
processing processing processing

Fig. VI.1. Interrupt Timing.
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I had completed most of the software using MPL before hardware
became available to test the software interface efficiency. The
display routine written in MPL executed in approximately 4000
clock cycles. Less than 1 ms remained for normal processing when
the 5 ms interrupt is used - this was not acceptable.

Comparing the compiled MPL with the Assembler was easy since the
compiler generates Assembler. From this compiled MPL it became
clear that the available MPL was not optimized for the 6809 mi-
croprocessor. In the case of the Display service routines the op-
timized Assembly language code executed in only 400 clock cycles
as compared with the 4000 of the MPL.

Assembler and MPL use different programming methods and philo-
sophies. Parameter passing between Assembler and MPL routines
proved to be difficult. Assembler counters decrement to zero and
MPL counters, e.g. DO loops, where the count variable increments
from the start to the stop parameter. It was decided to rewrite
all software in assembly language.
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IV.2 Introduction.

NassiShneiderman flow charts are used to document program logic.
It's format aids structured programming and promotes more compact
documentation than conventional flow charting.

The flow charts are included at the end of this chapter.

Included with the software listing in the Appendix is a pseudo
high level language used to aid description of the program logic.

An overall perspective ¢of the software is best obtained by study-
ing both the IRQP and MAINP routines. IRQP is the main interrupt
handler. MAINP is the main controlling routine subsequent to sys-
tem initialization.

All data is input via interrupts. Operator and user action invoke
IRQP which call the necessary interrupt service routines to pass
data via system status flags (in SYSTAT, the system status word)
to the main program, MAINP. The main program responds only to
changes in the system status flags (or changes in the telephone
statuses). The status flags are set or cleared by the interrupt
service routines.

Subsequently the main program checks the system status flags and
executes the appropriate service routines. Once the service
routines have been completed the system status flags are checked
again. The program flow of the MAINProgram is exclusively
determined by the system status flags.

Figure IV.2 pictorially present the relationship between the in-
terrupts, the extension telephone statuses and the main program
(MAINP). Hardware interrupts interface the operator cradle
statuses, operator keypads and the mimic status display with the
software. If necessary the interrupt handling routines set or
clear flags in the system status word (SYSTAT) during execution.
Subsequently control is returned to the MAINP.

Each time MAINP is activated the extension telephone statuses are
checked. The mimic status display data update, operator numeric
displays, operator alarm and the ring tone are all controlled by
MAINP.

The MAINP execution is interrupted only by the hardware inter-
rupts. These interrupts interface to the MAINP only via the sys-
tem status flags (SYSTAT, FNCSTO and FNCST1). The main program
executes iteratively and the program flow is solely determined by
the system status flags.
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Extension Telephone handset Statuses —> >
Extension Telephone line Statuses >——__1I
i l

Main
Cradle Status — > flags changed Program
Operator Keypads — >~ IRQP > MAINP in
Mimic Interrupt — > in SYSTAT continuous

loop

Status Display (1 off) } l
—<

Operator keypads (2 off) <
Operator Alarm (1 off)
Ring Tone Generator

—— 1

v
N

Fig. VI.2. Data flow Pictorial

The EFTS software can be divided into two main sections:

Interrupt driven routines, and
main program

All the software is written in 6809 assembly language and totals
approximately 2100 bytes in length.

IV.3 Interrupt Driven Routines.

Hardware interrupts invoke IRQP, the main interrupt handler. The
interrupt routine disables all further hardware interrupts. IRQP
identifies the origin of the interrupt and then calls the ap-
propriate interrupt service routines. Interrupts are re-enabled
upon completion of the interrupt service routines, when program
control is resumed by the main routines (MAINP).

When an interrupt is invoked by the onboard clock (5 ms), the two
counters, MSEC and IRQCNT, are decremented. MSEC is a presettable
counter and used by the DELAY-routine. IRQCNT determines the
flashing period of the LEDs - when zero, IRQCNT is preset to
FLSHTM.

The Cradle interrupt pass appropriate parameters to CRDLP, the
cradle interrupt service routine. A keyboard interrupt invokes
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the KYBX routine, the operator keyboard service routine, which
read and then decodes keyboard data.

Iv.3.1 Interrupt Pricrities (IRQP)

The periodic real time interrupt (the interrupt period is
selected by jumpers on the Computer Board) has the highest inter-
rupt priority and the highest recurrence rate. The operator tele-
phone cradle switches have the next highest priority because of
their vital function: it cancels all system command modes. EKey-
board action has the lowest priority.

highest priority ...... 1 ms real time interrupt
Operator O cradle interrupt
Operator 1 cradle interrupt
Operator 0 keypad interrupt
lowest priority ...... Operator 1 keypad interrupt

The interrupt flags are reset by their appropriate service
routines,

Iv.3.2 Mimic Status Display

The mimic status display is multiplexed at fixed regular inter-
vals (IRQCNI) to provide a flicker free constant intensity dis-
play. The 192 LEDs are grouped into 32 columns of 6 rows. Data is
output to one row at a time - each row has 32 LEDs. The 6 rows of
32 columns of LEDs therefore require 30 ms to refresh.

"lashing and steady (non flashing) LED statuses are stored in two
24-byte arrays: FLSH & COLBUF. The arrays respectively indicate
flashing or steady LEDs. The first 12-bytes (96-bits) of each ar-
ray represent handset statuses and the next 12-bytes represent
fault statuses.

The MIMIC service routine is invoked only by the real time inter-
rupt. Upon entry all ROW's are disabled. Before enabling the
next row (one of six rows) the 32-bits (4-bytes, 4 PIA's) of
colunn data is output to the columns. : -
Multiplexing is executed in one of two modes:

- Lamp test active, or
— Normal multiplexing
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When the lamp test flag (LAMPM) in SYSFLG is set, all Columns are
enabled to turn on all the LEDs.

The flash bit (FLASHB) in SYSFLG determine the status of the
flashing LEDs. When set the flashing LEDs are on, and when
cleared, the flashing LEDs are off. The flashing LEDs are turned
on and off by negating the status of FLSHB at the flashing period
(FLSHTM) .

If the flash bit (FLASHB) is cleared, only COLBUF data is output
to the COLUMNS. When the flash bit is set, COLBUF & FLASH data is
logically ORed before outputting the data to the COLUMNS, thereby
turning on the flashing LEDs as well as the steady LEDs.

IV.3.3 Keypad Routine (KYBX and KYBRDP)

Operator keypad activity invokes the IRQP main interrupt service
routine which then calls the KYBX interrupt service routine. RYBX
has lowest priority of the interrupt service routines. Upon com-
pletion of the keyboard service routine the interrupt flag is
cleared enabling further interrupts.

Operator O keypad (KYBRDO) uses the least significant nibble (4
bits) of the keypad PIA (KYBRD), and the operator 1 keypad
(KYBRD1) the most significant nibble. Depending on which keypad
initiated the interrupt the KYBRD code is masked and the relevant
keypad code stored in KYBINP buffer.

The keypad codes stored in KYBINP is decoded by the KYBRDP sub-
Toucine. Decoding by KYBRDF is accomplished on three levels.
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Level 1
Unnumbered key - No action taken.
Lamp Test code - Set Lamp Test flag in SYSTAT.
Alarm Accept code - Set Alarm Accept flag in SYSTAT.
Clear code - Set the Clear flag in SYSTAT.
Level 2

If the Audio flag is set and the cradle is down all other
codes are ignored.

If the operator telephone cradle is up, then:

Ring code - Set Ring flag in SYSTAT.
Queue code - Set Queue flag in SYSTAT.

Level 3

Decode the numerijic keys and display the numbers on the
operator numeric display.

Level 1 keypad codes are actioned irrespective of the operator
telephone cradle status. Level 2 codes are executed only if the
Audio flag (in FNCST) is set and the operator telephone cradle is
up. Level 3 codes can only be executed if the keycode is not
Level 1 or Level 2 code.

After this the program contreol is returned to IRQP.

Keypad decoding table:

Function_: Code : Priority Function : Code : Priority
| 6 lowest S A 6 lowest
2 : 5 6 0 7 6
3 : 9 6 L 3 1
4 : 0 6 A B .2
5 : 4 6 cC : F 5
6 : 8 : 6 Unmarked : E 0 highest
7T : 2 6 Q@ : D 4
8 : 6 : 6 R : C 3

Fig. VI.3. Keypad decoding table.
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IVv.3.4 Cradle Procedure (CRDLP)

The cradle procedure has the second highest priority of the in-
terrupt service routines. Any change in operator cradle status
invokes the CRDLP service routine.

First the operator telephone cradle status is determined. If the
operator handset is lifted no further action is taken and program
control is returned to IRQP.

If the operator handset is down, the AUDIOM and RINGM flags of
the function status word are tested. When the AUDIOM flag is set
the audio line between the operator and the extension telephone
is disconnected. If the RINGM flag is set ringing of the exten-
sion telephone is stopped.

Consequently all status flags of that operator are cleared.
Lastly, the operator numeric .display is cleared. Program control
is then returned to IRQP.

Note: When the cradle is down, the cradle status at PIACB is
low (logic 0).

IV.4 Main Programs

IV.4.1 Main Program (MAINP)

The Main Program {(MAINP) executes in an iterative loop. It's ex-
ecution is diverted only by the five hardware interrupts.

The status of a specific operator is represented by flags in the
function status word (FNCSTQO and FNCST1 for operator O and opera-
tor 1 respectively).

The program flow of MAINP is determined by the mode flags in the
function status words (FNCSTO for operator O and FNCST1 for oper-
ator 1 ). When no mode flags are set, MAINP resets the watchdog
and checks the extension telephone statuses for changes in
status. MAINP invoke routines associated with the mode flags.
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Mcode flag Description Routine called
ACEM Acknowledge ACKP

LAMPM Lamp Test LAMPM

RINGM Ring RING

QM Queue QP

CLRM Clear CLRP

AUDIGCM Audioc mode Status only

RINGING Ringing active Status only

During execution of a procedure called by MAINP, flags in FNCSTO
and FNCST1 may be set and/or cleared in order to invoke other ap-
propriate procedures.

IV.4.2 Watchdog (WICHDG)

At power up the Watchdog timer is disabled for approximately 4,5
seconds. During normal processing the watchdog timer has to be
reset every 10 ms, otherwise the watchdog timer resets the sys-
tem.

The watchdog timer is reset when the CA2 line of PIAC is toggled
by the watchdog routine, WICHDG.

Iv.4.3 Test for Status Changes (ISTCHNG)

This routine checks the handset and line statuses of the 96 ex-
tension telephones.

A change from low to high in extension telephone handset status
sets the particular bit representing that extension telephone in
the mimic data buffer (STBUFO and STBUF1). The operator audio
alarm is then activated to inform the operator of the incoming
call.

A change from high to low in status clears the particular bit in
both the FLSH and COLBUF data buffers. Both the flashing and
steady LEDs are turned off. -

When the handset status changed from low to high QPHON adds the

telephone number to the queue. If the handset status changed from
high to low QPHON deletes the telephone number from the queue.
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IV.4.4 Make Buffer (MAKBUF)

This routine alternately buffers all the extension telephone
statuses in one of the data buffers, STTBUF and STBUF1 (24 bytes
each).

A change in extension telephone status is reflected by a dif-
ference between the two data buffers. This difference is detected
by TISTCHG when it compares the two data bases.

Momentary open circuit faults on the lines necessitate debouncing
of the fault statuses. The faults are caused when fumbling the
extension telephones handsets when they are lifted or replaced.

Iv.4.5 Ring Procedure (RINGP)

This routine rings an extension telephone when the ring mode flag
(RINGM) is set.

When you ring an extension telephone an audio multiplexer con-
nects the voice signal to the extension telephone. Should the ex-
tension telephone handset be lifted no ring tone is required. If
the extension handset is down the ring tone is enabled and the
ring tone can be heard at both the operator telephone and the ex-
tension telephone. When the handset is lifted the ringing is
terminated.

The RINGM flag is cleared when the ringing is terminated.
Before ringing an extension telephone two tests are done:

Iwo operators may never simultaneocusly be connected to the
same extension telephone. Should the one operator dial the
extension telephone the other operator is connected to, the
other operator is disconnected from that extension tele-
phone. The latter caller is connected to the extension tele-
phone. The other operator's numeric readout is cleared to
indicate that his call has been terminated. -

The second test executed checks that a valid extension tele-
phone number is dialled, i.e. the number is zero or is not
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greater than the maximum number allowed (96 for the present
implementation). When an invalid number is dialled ringing
is aborted and program control is immediately returned to
MAINP after clearing the operator numeric readout.

A valid extension telephone number is decoded and stored in the
ring buffer for the particular operator. The operator telephone
voice circuit is connected to the dialled extension telephone and
the audioc flag is set in the function status word. If the exten-
sion telephone handset is not lifted the LED correspending to the
extension telephone number starts flashing. The operator tele-
phone voice circuit is connected to the dialled extension tele-
phone and the audio flag is set in the function status word. The
ringing flag is set and the ring flag remains set in the function
status word.

The dialled extension telephone is checked to see if the handset
has been lifted. Until such time as the handset is lifted or the
call is terminated, the extension telephone is disabled.

Replacing the operator handset or pressing the C-key will
terminate the Ring function.
IV.4.6 Alarm Acknowledge (ACEKP)}
The ACKP routine servers two main functions:

The operator audio alarm is silenced

A new fault is acknowledged by turning the

flashing fault LEDs on permanently until the

fault is cleared and/or the system reset.
The fault LEDs stop flashing when the fault statuses in the FLSH
data buffer are cleared. The fault LEDs turn on {(steady) by logi-
cally ORing the FLSH fault data with the COLBUF column data. The
ORed data is stored in the fault status section of COLBUF.
The acknowledged faults are indicated by steady red LEDs on the

cimic status display. These LEDs are enabled via the normal MIMIC
routine.
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IV.4.7 Clear Functien (CLRP)

This routine terminates all functions of the operator and is
equivalent to replacing the operator handset.

The clear routine clears the Clear flag in the appropriate func-
tion status word (FNCSTO or FNCST1) and then branches to the
cradle down routine (CRDLDW) which is part of the cradle proce-
dure (CRDLP)}. The CRDLDW routine terminates all operator func-
tions.

Iv.4.8 Lamp Test (LAMPP)

The lamp test routine has two functions. All the LEDs on the
Status display and =all the operator readout segments are all
turned on.

LAMPP indirectly control the LEDs by setting the lamp test flag
in the appropriate function status word (FNCSTO or FNCST1). The
LEDs are then enabled by the MIMIC interrupt service routine.

Before enabling all the segments on the operator readout the data
displayed on the operator readout is buffered. All the segments
are enabled for the lamp test by outputting "88" to the readout.
Once the lamp test has been completed the lamp test flag is
cleared and the operator readout data restored to its wvalues
prior to the lamp test.

The operator who invoked the lamp test may terminate the lamp
test by lifting and replacing his handset. Replacing of the
handset clears the function status flags and so terminate the
Mimic lamp test.

IV.4.9 Queuing Routines

Queuing routines are subdivided into four routines:

Testing the presence of an extension telephone
number in the queue. -

Adding an extension telephone number to the queue.
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Deleting an extension telephone number from the
queue.

Ringing the extension telephone number at the top
of the queue.

Queuing data is stored in a linked list. Each extension telephone
number use two bytes. Therefore all linked list table offsets and
pointer values are double that of the telephone number.

Each telephone number data element is made up of
two bytes: "prev" and "next". The pointer value
to the telephone number data element is there-
fore double the value of the telephone number.
See figure VI.4,

¥hen a telephone number is not in the queue both
its pointer values are OO16

Queuing Example:

Refer tec Figure VI.4. In this example the extension telephone at
the top of the queue is number 9 (12,,). FRSINO points to 12,
(double the value of number 9). The "prev"-byte of extension
telephone number 9 points to 00, , which means there is no tele-
phone number prior to this one ln the queue,

The 'next'-byte of extension telephone number 9 is 04, and
points to extension telephone number 2.

The ’'next'-byte of extension telephone number 2 is 18,,, and
points to extension telephone number 12.

The "next"-byte of telephone number 12 (pointer value 18,,) is
¢+ Ihis implies that there is no next telephone in the queue
and’that it is the last telephone in the queue.

Telephone number 12 is the last extension telephone number in the
queue for two reasons. The pointer to the next location is 0016,
and LASTNO also points to it. -

The "prev"-byte of telephone number 12 (pointer value 18,.)

points to 0416, or extension telephone number 2,
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Telephone number 2 pointers indicate that the previous telephone
nurber in the gqueue is at location 12, ., which is extension tele-
phone number 9. The next extension teiephone number in the queue

is at location 18,,, which is telephone number 12 (OC, ).

i

tel. jpointer Linked list

no. | value prev T hext

+ 0 + 00 * 00 + < These two bytes

1 + 2 + 00 * 00 + are not used.

2 + 4 + 12 * 18 +

3 + 6 + - 00 * 00 + 12 FRSTNO
4 + 8 + 00 * 00 +

5 4+ A + 00 * (#10] + 18 LASTNO
6 + C + (0]0] * 00 +

7 + E + 00 * Q0 +

8 + 10 + 00 * o]8] +

9 + 12 + 0C * 04 +

10 + 14 + 00 * o0 +

11 + 16 + 00 * 00 +

12 + 18 + 04 * 00 +

13 + 1A + 00 * 00 +

14 + 1C t 00 * 00 t

Fig. VI.4. Example of queue in coperation.

IV.4.10 Check Queue: (CHEQ)

The routine checks the Queue for the presence of a specified Tel-
ephone number. There are four possibilities:

i. The extension telephone number is not in
the queue. On completion of the routine,
the A-register contains $FF. -

ii. The extension telephone number is in the
queue and it is linked to other extension
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telephone numbers. A test is made to see
whether these pointers are present. If
these are present, the A-register contains
the extension telephone number on comple-
tion of this test. If the test fails, a
third test is done.

iii. The number checked may be the only number
in the queue. Such a number if not linked
to any other numbers and is therefore both
the first and last extension telephone num-
ber in the queue. FRSTNO, the pointer to
the first extension telephone number in the
queue, is tested for correspondence. If the
test is true, the number is the FRSTNO and
the A-register will contain the extension
telephone number on exit. If false, the A-
register will contain $FF.

iv. The extension telephone number is the
last extension telephone number in the
queue. The test in (ii) will locate this

number. Since it is only linked to a pre-
vious extension telephone number in the
gueue, no numbers follow it. Test (iv) is a
special case of test (ii).

Iv.4.11 Add te Queue (ADDQ)

The routine adds an extension telephone number to the queue.
There are two possibilities:

i, The queue is empty. The extension tele-
phone number to be added will be the first
extension telephone number in the gqueue.

FRSTNO points to the first extension telephone
number entry in the queue.

ii. The queue is already in use. The exten-

sion telephone number is added to the end
of the queue.
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The last extension telephone number in the queue now becomes the
second last in the queue by making its "next"-byte point to the
new last entry.

The extension telephone number added to the queue becomes the
LASTNO, and its "previous" byte points to the extension telephone
number that has become the second last in the queue.

Iv.4.12 Delete from Queue (DELFQ)

The routine deletes the selected extension telephone number from
the queue. CHCKQ nust be invoked before calling DELQ to ensure
that the number to be deleted is present in the queue. Three pos-
sibilities exist for program control.

i. The extension telephone number to be
deleted is the first number in the gueue,
i.e. FRSTNO. The second extension tele-

phone number now becomes the FRSTNO, and
the "previous" and "next"-bytes of the ex-
tension telephone number toc be deleted is
cleared.

ii. The extension telephone number to be
deleted is somewhere in the queue, but not
the FRSTNO or LASTNO. The "previous"-byte
of the extension telephone number following
the to-be-deleted extension telephone num-
ber is made the same as the "previous"-byte
of the to-be-deleted extension telephone
number. Also, the '"next"-byte of the ex-
tension telephone number preceding the to-
be-deleted extension telephone number is
made the same as the "next"-byte of the to-
be-deleted extension telephone number.
Then the "previous" and "next"-bytes of the
to-be-deleted number is deleted. The to-
be-deleted extension telephone number are
now deleted from the queue.

iii. The extension telephone number to be
deleted is the LASTNO. The "next"-byte of
the second last extension telephone number
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in the queue is cleared. The "previous”
and "next"-bytes of the last extension tel-
ephone number in the queue is cleared and
LASTNO made to point at the second last
entry in the queue. The old LASTNC is now
deleted.

IV.4.13 Ring Top of Queue (QP)

This program rings the extension number at the top of the queue
simply by pressing the Q-key.

If there are no telephone numbers are in the queue when the Q-key
is pressed program, control is resumed by MAINP.

If the queue is in use, FRSINQO is decoded and displayed on the
operator readout. The extension telephone number is further
decoded and appropriate parameters passed to RINGP. RINGP is
then executed i.e. RINGP rings the extension telephone as if the
extension telephone number was dialled from an operator keypad.
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IV.5 Syster Software Flow Charts

IF PERICDIC INTERRUPT THEN DO

DECREMENT MSEC COUNTER

DECREMENT IRQCNT COUNTER

IF IRQCNT ZERO THEN DO

EQUATE IRQCNT TO FLASHTIME (FLSHTM)

INVERT FLASH (FLSH)} FLAG IN SYSTEM FLAG (SYSFLG)

1S LAMP TEST FLAG SET
ELSE THEN

' IF FLASH FLAG SET
ggggﬂh“‘““‘~=~hﬁ_ THEN
OUTPUT: COLO = COLBUF (NCOLM) ENABLE ALL
COLBUF (NCOLM) TO OR FLSH (NCOLM)
COLO COLUMNS
DECREMENT NCOLM DECREMENT NCOLM _
COLBUF (NCOLM TO  {COLL = COLBUF (NCOLM)
COL1 OR FLSH (NCOLM)
DECREMENT NCOLM DECREMENT NCOLM
COLBUF (NCOLM) TO |COLZ = COLBUF (NCOLM)
CoL2 OR FLSH (NCOLM)
DECREMENT NCOLM DECREMENT NCOLM
COLBUF (NCOLM) TO |COL3 = COLBUF (RCOLM)
coL3 OR FLSH (NCOLM)
IF NCOLM = O THEN |DECREMENT NCOLM
COLM = 23 TF NCOLM = O THEN
‘N [ NCOLM = 23

ROW = MASK (NROW)

[DECREMENT NROW

IF NROW 0 THEN

[ KROW = 5

IF ANY CRADLE IS SET THEN THER

IF CRADLE ?4ff_fEE‘__——~——“”“'——‘———#-_ﬂﬁ——-_d
{THEEN THEN

PASS PARAMETER = O ] PASS PARAMETER = 1

CALL CRADLP { CRADLE PROCEDURE)

IF ANY KEYBOARD FLAG IS SET THEN

IF KYBO IS SET
ITHEN ELSE

CET KEYBOARDO INPUT FROM KYBRD | GET KEYBOARD 1 INPUT FROM KYBRD
PIA & STORE IN KYBINP(Q) PIA & STORE IN KYBINP(1)

CALL KYBRDP (KEYBOARD PROC)

RETURN FROM INTERRUPT

NOTE: COLBUF (13) = FLASH (1)

COLBUF (23) = FLASH (11)
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IF NONE OF THE CRADLE'S HAVE BEEN PUT DOWN THEN

[RETURN FROM SUBROUTINE

RESET CRADLE IRQ'S

IF AUDIO OR RING MCDE FLAGS ARE SET THEN

DISABLE LED OR PHONO CONNECTED TO : JSR CHGLED
DISABLE OPERATOR RINGING : JSR BUZZR

[DISCONNECT AUDIQ FROM EXTENSION : JS5R AUDIO

CLEAR KYBUF (OP#) (KEYBOARD BUFFER)

CLEAR OPERATOR DISPLAY : JSR LINKP

CLEAR FUNCTION STATUS FLAGS

RETURN FRCM SUBROUTINE

GET KYBINP (OP#) {KEYBOARD INPUT)

DO CASE

EggUMBERED ILAMP TEST | ALARM ACCEPT | CLEAR RING KUMBER O - 9
SET LAMPM | SET ACEM SET CLRM |SET RINGM OLD LSD
FLAG FLAG FLAG FLAG INEW MSD

IRETURN FROM SUBROUTINE

ADD NEW DIGIT

IDISPLAY DATA

INKP
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p
DO FOREVER
CLEAR IRQ MASK
RESET WICHDG
DG CASE (FNCST (OPRNZ2))
RINGM ACKH QM CLRM LAMPM
FLAG FLAG
JSR JSR JSK JSR JSK
RING ACKP QP _CLRP LAMPP
RESET WICHDG (WATCHDOG)
INVERT OPRNO (OPERATOR NO. O OR 1)
TEST FOR STATUS CHANGES : TSICHG
ICHG

CHANGE STATUS BUFFER NO.

GET ACTIVE STATBUF ADDRESS

JSR MAKEBUF
MAKE NEW STATUS BUFFER

DO MUENO = 23 TO O

IF THERE 15 A CHANGE IN STATUS THEN

FIND BITNO OF CHANGED BIT

FIND NEW STATUS OF CHANGED

BIT

NO

IF NEW STATUS OF BIT = 1

TURN FLASHING
LED OFF

SET LED
FLASHING

IF MUXNO< 11 (PHONE) THEN .

GET PHONO NO O CHANGED STATUS

HAS HANDSET BEEN
YES

LIFTED

RO

PUT PHONE

DELETE PHONE
NO FROM Q

IN Q
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LAMPP

CLRP

ACKP

RINGP
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OUTPUT "88" TO OPERATOR DISPLAY

DELAY FOR TSTIME (TEST TIME)

RESTORE OPERATOR DISPLAY

CLEAR LAMP TEST FLAG IN FNCST (OP#)

CLEAR ALL FLAGS IN FNCST (OP#)

CLEAR OPERATOR DISPLAY

MAKE ALL FLASHING 'FAULT®'® LED'S
STEADY

STOP BUZZER RINGING

Software Design.

IF SAME PHONO RUNG AS QTEER OP THEN

[ RETURN

IF RNGNG FLAG IS NOT SET THEN

[ SET RNGNG FLAG

IF PHONO IS NOT VALID THEN

[RETURN

FLASH GREEN LED

CONNECT OP# PHONE TO PHONO
JSR AUDIO

RING PHONO

IF PHONC HAS BEEN ANSWERED THEN

S5TOP RINGING

CLEAR RNGNG FLAG

MAKE GREEN LED STEADY

RETURN
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ARD CODING:-

1 {2 3 Q
KEYBOARD & LAYOUT: 4 5 6 RING

7 8 9 DIAL

LAMP| O | ACK CL

1 5 9 D
KEYBOARD CODES: 0 4 g C

2 6 4 E

3 7 B F
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Chapter V
OPERATOR INSTRUCTIONS
V.1 CONTROL CENTRE

V.1.1 Inconing Calls

The audio alarm sounds and a flashing green LED on the Mimic in-
dicates the calling Extension telephone.

The operator 1lifts a telephone handset. This cancels the audio
alarm.

Press the Q-key to connect to the incoming call. The flashing
green LED turns on permanently and the numeric readout displays
the Extension telephone's number.

The operator telephone is now connected to the Extension tele-
phone.

The operator terminates the call by either replacing the handset
or pressing the C-key.

In the case of qQueued calls, first terminate the present call (C-
key) before connecting to the next in the queue (Q-key).

Once a call is terminated, the operator may directly ring any Ex-
tension telephone or connect to the next Extension telephone in
the queue.

NOTE: No audible alarm sounds when any one of the operator hand-
sets have been lifted. Should the operator replace his handset
before all the incoming calls have been answered, the audioc alarm
will NOT sound again, however the green LED will remain flashing
as long as the Extension telephone handset remains lifted.

Once the audio alarm has been silenced and the operator handset
replaced, the audio alarm will sound again until another Exten-
sion telephone handset is lifted.

V.1.2 Outgoing Calls

Lift the operator handset and enter the Extension telephone num-
ber on the keypad. Press the R-key (RING) to ring the Extension
telephone.
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The green LED, corresponding to the Extension telephone, will
flash while the Extension telephone is ringing.

When the Extension telephone is answered, the green flashing LED
stops flashing and becomes steady. Communication may now proceed.

The operator replaces his handset or presses the C-key to
terminate the call. The green LED then turns off.

NOTE: Only the operator can terminate a call.

Replacing the Extension telephone handset will not terminate a
call. After replacing the Extension telephone handset the opera-
tor telephone voice signals will be amplified to an extra high
volume level until the operator terminates the call.

V.1.3 FAULT CONDITIONS

When a fault occurs the corresponding red LED flashes. If neither
of the operator handsets are lifted the audio alarm sounds.

Press the A-key to acknowledge and silence the alarm. The flash-
ing red LED stops flashing and turns on permanently.

The operator reports the fault to the Technical Staff.

NOTE: Intermittent audio alarms may be eliminated by lifting
an operator handset off the cradle.

No audio alarms can sound with the operator handset lifted and
incoming calls may so be missed.

V.2 EXTENSION TELEPHONE

V.2.1 To make a call.

The caller lifts the handset and waits for the Contrcl Centre op-
erator to answer. After conversing the handset is replaced.

V.2.2 To receive a call.

The Extension telephone will ring. When the handset is lifted the
ringing terminates. The user may now converse with the Control
Centre operator.
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V.3 LAMP TEST

When the L-key is pressed all the LED's and the numeric readout
of the one operator telephone are turned on.

The operator numeric readouts may be tested independent from the
mimic status display by pressing the black button on the operator
telephone.

V.4 GENERAL

When in doubt press the C-key. This has the same effect as
replacing the handset which cancels all previous commands and
keyboard entries.

The only two operator functions that can be executed with the
handset on the cradle are the Lamp test and Alarm acknowledge-
ment. :

The two operators cannot simultaneously communicate with the same
Extension telephone. The call may be interrupted by the second
operator by him dialling the same extension telephone number. The
first operator will then be cut off.

A lamp test is automatically executed after power up or after
system reset.
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Chapter VI.
SYNOPSIS.

It is good practice to determine whether the design attained the
riginal objective.

The following factors restrained attainment of the original goal:
The restrictive budget curbed more ingenious solutions.

The modulation technique used restricted the remodeled de-
sign and the resulting audio quality.

Few failings have been found in the present design beyond those
originating from the alluded restraints.

The modulation technique used, i.e. using both AM and audio,
resulted in an inferior audio quality.

In order to obtain the required gain in the audio circuitry
the audio and AM bandwidths had to be restricted regardless
of the effect.

The hybrid network and amplifier circuit has been adjusted
to operate marginally below the point of oscillation vwhere
positive feedback results. Even so, sometimes the volume has
been found to be insufficient, or oscillations have
resulted.

The use of dedicated filtering ICs is probably the most eco-
nomical way to improve the audio quality. Superior filtering
characteristics are possible with these devices. Research
has found it to be relatively costly. One Chebychev filter
IC costs approximately the same as the microcomputer board
would cost to manufacture. At least three of these devices
would be required - once again fluked by the budget.

A practical issue has been overlooked regarding the-queuing of
incoming calls. The person at the extension telephone has no
indication that an operator has in fact received his call.
Some discernible form of acknowledgment would be a distinct
enhancement.
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Substituting the red and green LEDs with single dual color LEDs
will aestheticly enhance the Mimic display even though the

dual colour LEDs are more expensive than two single colour
LEDs.

Personally I would have preferred using standard balanced line
telephones. This would have been a viable solution if the
previous extension telephones were discarded. However, the
previous system had to be expanded, and could not replaced.

Ultimately the EFTS can be regarded as economical, durable and
reliable and uncomplicated with a reasonable audio quality.
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A, APPENDICES,

A.1. Features of the Emergency Fire Telephone System.

The Emergency Fire Telephone System provides communication be-
tween various selected places, distributed throughout the Cape
Town Administrative Centre (CTACC), i.e. from the tower block,
the podium, and the foyer, to the Security Control Centre on the
first fleor in the podium block.

The system has the following facilities:

Communication from the control centre to an Exten-
sion telephone, with ring capability.

Communication from the Extension telephone to the
control centre, also with ring facility.

Simultaneous two way communication is provided be-
tween one operator at the control centre and an
Extension telephone.

Line monitoring of all Extension telephone lines
for short circuit and open circuit detection.

Line status and fault status indication of all Ex-
tension telephones.

An operator can only communicate with one Exten-
sion telephone at any one time. An Extension tele-
phone 1is selected by means of a two digit tele-
phone number dialled on the Operator telephone.

Ring and Clear facilities are provided on the Op-
erator keyboard.

The "ring" and "fault" statuses of all Extension
telephones are displayed.

— A2 -



An Emergency Fire Telephone System.
Appendices,

Telephone circuitry is designed to operate on a
nominal 24V supply.

A.1.1 System Layout.
A.1.1.1 Extension Telephones.

The Extension telephone receives a2 normal audio signal from the
Operator telephone and amplifies it. However, the signal from the
Extension telephone to the Operator is an A.M. signal with a 14
kHz carrier frequency.

Each of the Extension telephones is provided with an unbalanced
wire pair: one is the ground line, and the other carries the
audio, the A.M. voice signals, and the 12V power.

A.1.1.2 Rack and Console.

The line monitoring boards multiplex the speech lines and monitor
each of the Extension telephone lines. Each Extension telephone
is addressed by a specific code which connects the Extension tel-
ephone to the Operator telephone. The line statuses are monitored
and output to the status display boards.

Speech processing is accomplished by demodulating the A.M. voice
signal from the Extension telephone and amplifying it to the Op-
erator earpiece. The Operator microphone signal is amplified and
directly output to the Extension telephone.

A.1.2 The Improvenments.

The original system had become unreliable and no circuit diagrams
or documentation were available for system maintenance.

The system reguired expansion for improved utilization. The
original fifty four Extension telephones had tec be increased to
ninety six. With the additional Extension telephones a second op-
erator decrease operator workload under emergency conditions.

Answering multiple calls on a FIFO basis necessitated a queueing
facility. New incoming calls would be queued when the operator
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was busy with a call, and he would then not be distracted by new
calls.
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Al

2

RESET
FMSB
VALBIT
SETBIT
IRQP
MIMIC
KYBRDP
CRDLP

LINKP
KYBX

MAINP
WICHDG
TSTCHG

MARBUF

CHGLED

ACKP
LAMPP
DELAYP
DELAYR
RINGP
QP

AUDIO

PHDCOD
PHECOD

Appendices.

Software Module Description.

System Initialization.

Find most significant bit.

Determine value of specified bit within a
byte.

Sets/Clears specified bit within a byte.

Interrupt priority determining service
routine.
Mimic display contrel: interrupt driven
routine,
EKeyboard decoding procedure: Interrupt ser-
vice routine.
Cradle procedure:
routine.
Operator readout procedure.
Operator keyboard procedure.

Interrupt service

Main procedure.

Watchdog reset routine.

Tests for changes in Extension telephone
statuses.

Debounces and reads Extension telephone
statuses into status buffers.

Changes/Sets mimic LED statuses:

off/flash/on.
Alarm acknowledge routine.
Lamp test procedure.
Delay procedure: real time interrupt.
Delay procedure: repetitive loop.
Ring extension telephone procedure.

Ring extension telephone at top of the
queue.

Dis/connect an Extension telephone from/to
anh operator.

BCD telephone no. to bit and byte code.
Phone number encode: Byte and bit code to
BCD phone number.
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STROBE
BUZZR

DECBIN
CHEKQ
ADDQ
QPHON

Appendices.

Strobes Extension telephone address into
Telephone Controller Board data latch.
Operator and/or Extension telephone ring
controller,

BCD to binary conversion.

Checks for Extension telephone in queue.
Adds Extension telephone to queue.
Queueing contrel routine: section of
TSTCHG.
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A5

Liat ¢f Variables.

Name
SYSFLG

FNCSTO
FNCST1

BUFNO
BUFADD
MSEC
IRQCNT

KYBUFQ
KYBUF 1
NCOLM
NROW

BYTNO

BITNO

STTPTR
OPRNO

KYBINP
STTBUF
STBUF1
COLBUF

FLSH

FRSTNO
LASTNO
QUE

ISTCNT

Bytes

1

1
1

N arhda N [\ NN M)

I

Appendices.

Description

System Status Flag

b1: FLASH-ON

Function Status Word, Operator O.
Function Status Word, Operator 1.
b7: ACKM

b6: LAMPM
b5: RINGM
b4: not used
b3: QM

b2: CLRM

b1: AUDIOM
b0: RINGNG

Active Status Buffer number: O or
1, used as pointer.

Status Buffer Address: Contains ad-
dress of STTIBUF or STBUF1.

Real Time Interrupt counter; max of
$9599,

Interrupt Counter; counts to
FLSHTIM before reset.

Keyboard 0 Data Buffer.

Keyboard 1 Data Buffer.

Mimic COLumn counter.

Mimic ROW counter.

Extension Telephone decoder: byte
pointer, BYTINO, BYTIN1.

Extension Telephone decoder: bit
pointer, BITNO, BITIN1.

Status pointer: STIPTR, STPTR1.
Operator number pointer; 0O or 1.
Keyboard input code.

Status Buffer O.

Status Buffer 1.

Column data buffer for Mimic: Minmic
LED status.

Flash data buffer for Mimic: flash-
ing LED status.

First number in queue.

Last number in queue.

Queue tables.

Debounce counter table.
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A.4 PIA Allocation.

PIAOA 32000 Bit No Name Function

7 Not used
“6_ ROW 0/P
5 ROW o/P
4 ROW 0/P
5 ROW 0/P
2 ROW 0/P
1 ROW 0/P
“o_ ROW 0/P
CROA $2001 T_ TIMER: IRQA1 I/P
6 WICHDG: CA2 O/P

PIAQB $2002 Bit No Name

_7_ CRDLO
_6_ CRDLA1
_5_ not used
_4_ not used
_3_ not used
_2_ OPX, BUZZR function
_i MUX1, BUZZR function
_0_ MUX0, BUZZR function
CROB $2003 7 not used
_6_ not used
_7_ CRDLO
_6_ CRDL1
_5_ not used
_4_ not used
- not used
_2_ OPX, BUZZR function
1 MUX1, BUZZR function
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| o |  MuXo, BUZZIR function
CROB $2003 ’:?: not used
_6_ not used

PIATA $2004 Bit No Name Function

7 COLO 0/P

6_ COLO 0/P

5 COLO 0/P

4 COLO o/P

z coLo 0/P

2 COLO 0/P

“1 COLO o/P

“0_ COLO 0/P
CR1A $2005 7 Not used
6 Not used

PIAZE $§2004A Bit No Name Function

7 COL3 o/P

_6_ CoL3 o/P

5 COL3 o/P

_4_ COL3 o/P

3 COL3 o/P

_2_ COL3 0/P

1 COL3 0/P

_o_ COL3 0/P
CR2B $200B 7_ Not used
Not used
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PIA3A $200C Bit Noc Name Function
7 KYBRD1: b3, 1/P
“6_ KYBRD1: b2, 1/P
"5 KYBRD1: b1, 1/P
_4_ KYBRD1: bO, 1/P
5 KYBRDO: b3, 1/P
“2_ KYBRDO: b2, 1/P
1 KYBRDO: b1, I/P
_o_ KYBRDO: bO, I/P
CR3A $200D 7 KYSTRBO 1/P
6 KYSTRB1 1/P

PIA3B §200E Bit No HName Function

T OPX O/P

“6_ PHONO O/P

5 PHONO O/P

—4_ PHONO O/P

3 PHONO  O/P

2 PHONO O/P

1 PHONO  O/P

“o_ PHONO O/P
CR3B $200F 7 Not used
Not used

PIa4a 82010 Bit No Name Function

7 Not used
6 Not used
5 Not used
4 CRDSEL 0O/P

3 CRDSEL O/P
2 CRDSEL O/P
1 MUXSEL O/P
0 MUXSEL O/P

CR4A $2011 7 Not used
Not used
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PIA4B 82012 Bit No

Name

CR4B $2013

PIA5A $2014 " Bit No
Function

CR5A $2015 7

PIASB $§2016 Bit No

CR5B $2017 7

~ A11 -

STATUS
STATUS
STATUS
STATUS

STATUS
STATUS
STATUS
STATUS

CRADLO,
CRADL1,

Name

LINRO, D
LINKO, D
LINRKO, D
LINRO, D

LINKO, D
LINRO, D
LINKO, D
LINKO, D

Kot used
Not used

Name

LINK1, D
LINK1, D
LINK1, D
LINK1, D

LINK1, D
LINK1, D
LINK1, D
LINK1, D

Not used
Not used

Appendices.
Function
O/P
o/P
o/P
o/P
o/P
0/P
0/P
o/P
IRQE1 I/P
IRQB2, 1I/P
IG1A, MSD O/P
IG1A, MSD O/P
IG1A, MSD o/P
IG1A, MSD 0/P
IG1B, MSD O/P
IG1B, MSD Q/P
IG1B, MSD 0/P
IG1B, MSD O/P
Funection
IG2A, LSD O/P
IG2A, LSD O/P
IG2A, LSD o/P
IG2A, LSD o/P
IG2B, LSD o/P
IG2B, LSD 0/P
IG2B, LSD o/P
IG2B, LSD Q/P
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A.5

Memory Map.

$2014
$2010

$200C
§2008
§2004
$2000

SFFFF

SFFFO
$F800
SF000

$C000

— §2017

— $2013

— $200F
— $2008B
— §2007
— 8$2003

SO7FF

$0000

Vectored
Interrupts

2716 EPROM

2732 EPROM

2764 EPROM

PIA 5

PIA 4

6116
RAM

Memory Map of System.
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CB1: CRDLO, CB2: CRDL

Ca1: KYSTRBO,
CA2: KYSTRB1

Watchdog
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A.6

R

Appendices.

Operator Command Summary.

Rings the Extension telephone number entered on the
keyboard and displayed on the operator numeric
readout.

Cannot ring extensions 0, 97, 98, 99.

Ringing the Extension telephone to which the other op-
erator is connected to disconnects the Extension tel-
ephone from that operator and transfers the call to
the other operator.

Connects the operator to the Extension telephone at
the top of the queue.

Before making a new call to an Extension telephone the
present call must be terminated.

Acknowledges a new alarm and silences the audic alarm.
The flashing fault LED turns on permanently.
Clears the operator display and all functions.

Executes a lamp test of the Mimic display and operator
readout.
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A.7

Board Function Schedule.

A.7.1 Computer Board.

A Connector (Top)

B Connector (Bottom)

a

+5V
CB2/1
CB1/1
PIA1B/7
PIA1B/é
PIA1B/5
PIA1B/4
PIA1B/3
PIA1B/2
PIA1B/1
PIA1B/O
PIATA/T
PIA1A/6
PIA1A/S
PIA1A/4
PIA1A/3
a
PIA1A/2
PIA1A/1
PIA1A/O
CA2/1
CA1/1
CB2/3
CB1/3
PIA3B/7
PIA3B/6
PIA3B/5
PIA3B/4
PIA3B/3
PIA3B/2
PIA3B/1
PIA3B/0
N.C.

[+

+5V
CB2/0
CB1/0
PIAQB/7
PIAOB/6
PIAOB/5
PIAOB/ 4
PIAOB/3
PIAOB/2
PIAOB/1
PIAOB/OQ
PIACA/T
PIACA/6
PIAOA/S
PIAQA/4
PIAQA/3
c
PIACA/2
PIAOA/1
PIAQA/OQ
CA2/0
CA1/0
CB2/2
CB1/2
PIAZB/7
PIA2B/6
PIAZ2B/5
PIA2B/4
PIA2B/3
PIA2B/2
PIA2B/1
PIA2B/0O
N.C.

Pin No.

WO~ h W

10
11
12
13
14
15
16

Pin No.

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

a

N.C.
PIA3A/7
PIA3A/6
PIA3A/5
PIA3A/4
PIA3A/3
PIA3A/2
PIA3A/1

"PIA3A/0

CA2/3
CA1/3
CA2/5
CA1/5
CB2/5
CB1/5
PIA5SB/7
a
PIA5SB/6
PIA5SB/5
PIA5B/4
PIA5B/3
PIASB/2
PIA5SB/1
PIA5B/0
PIASA/T
PIASA/6
PIASA/5
PIASA/4
PIABA/3
PIASA/2
PIASA/1
PIA5A/0
ov
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c

N.C.
PIA2A/7
PIA2A/6
PIA2A/5

. PIA2A/4

PIAZ2A/3
PIA2A/2
PIA2A/1
PIA2A/0
CA2/2
CA1/2
CA2/4
CA1/4
CB2/4
CB1/4
PIA4B/7
c
PIA4B/6
PIA4B/5
PIA4B/4
PIA4B/3
PIA4B/2
PIA4B/1
PIA4B/0
PIA4A/T
PIA4A/6
PIA4A/5
PIA4A/4
PIA4A/3
PIA4A/2
PIA4A/1
PIA4A/0
ov

Appendices.
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A.7.2 Telephone Controller Board.

- A15 -

A Connector (Top) B Connector (Bottom)

a c Pin Ne. a c

+5V +5V 1 STSELO STROBE
MUXA A - 2 STSEL1 PSELY
PHON3 - 3 STMX A1 STMXAOD
MUXA B - 4 STMXA3 STMXA2
PHONZ2 - 5 - EYPO
MUXA C - 6 KYBRDD KYP1

- - 7 KYBRDC KYP2
PHON1 - 8 KEYBRDB KYP3

- - S KYBRDA -

+14V +14V 10 - -

- 11 EYSTRB KYFP4
PHON4 - 12 RYP7 KYP5
PHONS - 13 KYP6 -
PHONS - 14 STSEL2 -
PHONB - 15 - STSEL3
PHONG6 - 16 - STSEL4
PHONT - 17 STCRDS1 -

- - 18 STCRDS2 -

- - 19 STCRDS3 -

- - 20 STCRDS4 STCRDS?Y
PHON10O - 21 STCRDS5 -
PHON15 - 22 STCRDS6 -
PHON11 - 23 ov ov
PHON14 - 24 +24V +24V
PHON12 - 25 +10V +14V
PHON13 - 26 +20V RNGOP

- - 27 RNGMXO0 RNGHX1

- - 28 OPRNG -
PSEL4 PSEL3 29 MXRNG -
PSELS5 PSEL2 30 OPX -
PSELe PSELA 31 OPX -
PSELO PSELCS 32 +24V MUX
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A.7.3 Multiplexer Monitor Board.

A Connector {(Top) B.__Connector {(Bottom)
a c Pin No. a c
PSEL4 PSEL3 29 MXRNG -

+5V +5V 1 IP7 ZPe6
+24V +24V 2 ZP9 ZP8
STATO STAT7T 3 P11 ZP10
STAT STAT6E 4 MUX -
STAT2 STATS 5 - -

- _ 6 - -

-— — 7 —_ -
STAT3 STATA4 8 - -

- - 9 OP1 CSO -

- - 10 - OP#1 BSELA -

- - 11 OP#1 BSELB OP#1 BSELC

- - 12 - -

- - 13 CPO CS1 -

- - 14 +14V +14V
ZP1 P2 15 +20V +20V
ZP3 ZP4 16 +10V +10V
ZP5 - 17 ov cvV

- - 18 P12 P13

- - 19 ZP14 ZP15

- - 20 ZP16 -

- — 21 - -
MUXO0 - 22 - -

- - 23 - -~

- - 24 - STAT7

OP0O CS0 - 25 STATO -
OP#0 BSELA - 26 - -
OP#0 BSELB - 27 - STAT6E
OP#0 BSELC - 28 STAT1 STATS
oP1 CS1 - 29 STAT2 -
STCRDSEL - 30 - -
STBYTO STBYT3 31 - STAT4
STBYT1 STBYT2 32 STAT3 -
a c Pin No. a c
A Connector (Top) B  Connector (Bottom)
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A.7.4 Multiplexer Monitor Board Interconnectionsa.
IC [Edge | PHON | FAULT | IC No |MUX Addr Voice:
No |[Conn Addr. /pin Phone No./ Mux No.

u17/13
U1 1A15c:24/3 10|22/3 {U19/13|0| 1/0 17/2 33/4 49/6 65/8 81/A
U2 [A15a(24/4 [1|22/4 g:z;:: 1} 2/0 18/2 34/4 50/6 66/8 82/A
U3 |A16c|24/7 [222/7 33;512 21 3/0 19/2 35/4 51/6 67/8 83/A
U4 |A16a(24/8 [3:22/8 gq;;:% 3| 4/0 20/2 36/4 52/6 68/8 84/A
U5 |A17c|24/13|4122/13 g};;} 4| 5/0 21/2 37/4 53/6 69/8 85/A

U17/4
U6 {Bla {24/14|5|22/14|{U19/4 |7| 6/0 22/2 38/4 54/6 70/8 B6/A

U17/5 _
U7 [Blc |24/17!6|22/17|U19/5 |5| 7/0 23/2 39/4 55/6 71/8 87/A

U17/2
U8 |B2a |24/18|7,22/18|U19/2 |6| 8/0 24/2 40/4 56/6 72/8 88/A
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A.7.4 Multiplexer Monitor Board Interconnections. (Continued)

IC |Edge|PHON_! |FAULT!IC No |MUX Addr Voice:
No [Conn Addr. /pin Phone No./ Mux No.
U18/13

U9 |B2c [25/3 |0|23/3 |U20/13|0| 9/1 25/3 41/5 57/7 73/9 89/B

U18/14
U10|B3a (25/18|7|23/18|U20/14{1{10/1 26/3 42/5 58/7 74/9 90/B

Uu18/15
U11|B3c [25/4 |1|23/4 |U20/15|2|11/1 27/3 43/5 59/7 75/9 91/B

U20/12
U12|B18c |25/17|6(23/17|U18/12|3112/1 28/3 44/5 60/7 76/9 S92/B

u1s/1
U13(B18a(25/7 (2{23/7 {U20/1 |4(13/1 29/3 45/5 61/7 77/9 93/B

u18/5
U141B1%a25/14|5[23/14{U20/5 [5|14/1 30/3 46/5 62/7 78/9 94/B

u18/2
U15|{B19ai25/8 |3{23/8 |U20/2 |6|15/1 31/3 47/5 6€3/7 79/9 95/B

U18/4
U16B20c|25/13|4|23/13|U20/4 |7|16/1 32/3 48/5 64/7 80/9 96/B

How to use this table:

Take Extension Telephone 72 as an example. This Extension tele-
phone is monitored and multiplexed on Multiplexer Monitor Board
M4. The 8 of the 72/8 is the mux no of the multiplexer chip; the
total is 12, two per board. U17 and U159 are accessed with an ad-
dress of 6 for telephone number 72.

The Extension telephone line is connected to pin B2a on the edge
connector. Status monitoring is done by U8. Telephone handset
status is input to data buffer U24 pin 18, and the fault status
input at U22 pin 18. '
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The handset status of this telephone is bit 6 of the STATUS word
and the fault status is b7 of that STATUS word. The voice signals
are input to the multiplexer I.C.s on U17 pin 2 and U19 pin 2.
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A.8. Back Plane Wiring Schedule.
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A.B.1 Power Supplies.
+5V +24V
Supply Supply
_Pin No. Pin No.
Input:
+60V 28 28
(earthed) 30 30
ov 24 24
26 26
Cutputs:
Ground 32 32
System OV 12 12
16 16
OV Sense 10 10
+5V 4
8
+5V Sense 6
+24V 4
B8
+24V Sense 6
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A.8.2 Operator Telephone and Readout.

Operator
Phone
D-25

Y
QOO U LWN .

-t
—

12
13
14
15
16
17
18
18
20

VOICE signals are connected to pins 24 and 25.

Cabinet
Rear
Panel Function
1 +5V
2 KYB COLO
3 LSD A
4 EYB COL1
5 LSD D
6 KYB COL2
7 LSD C
8 EYB COL3
S LSD B
10 EYB ROWO
11 MSD A
12 KYB ROW1
13 MSD D
14 KYB ROW2
15 MSD C
16 KYB ROW3
17 MSD B
18 CRADLEOQO
19 ov
20 Not used
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Operator Cabinet

Phone Rear
D-25 Panel Function
1 21 +5V 0
2 22 KYB COLO P
3 23 LSD A E
4 24 KYB COL1 R
5 25 LSD D A
6 26 EYB CQOL2 T
7 27 LSD C 0]
8 28 , EKYB COL3 R
S 29 LSD B
10 30 KYB ROWO 1
11 31 MSD A 0
12 32 KYB ROW1 P
13 33 MSD D E
14 34 KYB ROW2 R
15 35 MSD C A
16 36 KYB ROW3 T
17 37 MSD B 0
18 z8 CRADLEA1 R
19 39 ov
20 40 Not used 1

VOICE signals are connected to pins 24 and 25.
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A.8.3 Operator Telephone to Telephone Controller Boards.

Operator O:

KYBRDO:

Operator 1:

KYBRD1:

Controller

- 424 -

Telephone
Function Board O LINK
KYB COLO/KYPO B5a 2
KYB COL1/KYP1 Béa 4
KYB COL2/KYP2 B7a 6
KEYB COL3/KYP3 B8a 8
KYB ROWO/KYP4 B11a 10
EYB RCW1/KYP5 B12a 12
EYE ROW2/KYP6 B13c 14
KYB ROW3/KYP7 B12c 16
Telephone Controller
Function Board 1 LINK
EYB COLO/EKYPO B5a 22
KYB COL1/KYP1 Béa 24
KYB CCOL2/KYP2 B7a 26
KYB COL3/KYP3 B8a 28
KYB ROWO/KYP4 B11a 30
KEYB ROW1/EKYP5 B12a 32
EYB ROW2/KYPé6 B13c 34
KYBE ROW3/KYP7 B12c %6
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A.8.4 Mimic Wiring.

Column No. Function
1 COLO
2 COL1
3 COL2
4 COL3
5 COL4
6 COL5
7 COL6
8 COL7
9 CoL8

10 coL9
11 COL10
12 COL11
13 coL12
14 : COL13
15 COL14
16 COL15
17 COL16
18 COL17
19 COL18
20 COL19
21 COL20
22 COL21
23 COoL22
24 COoL23
25 CoL24
26 COL25
27 COL26
28 CcoL27
29 COoL28
30 CoL29
31 COL30
32 COL31
33 - OP RNG: OV
34 OP RNG
35 ROWO
36 ROW1
37 ROW2
38 ROW3
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39 ROW4
40 ROW5

A.8.4 Mimic Wiring. (Continued)

Computer Mimic
Function Board Panel
+5V Ala
+5V Alc +5V
B32a
ov B32¢ ov
ROWO A19a 35
ROW1 A18a 36
ROW2 Al7a 37
ROW3 At6a 38
ROW4 AlBa 39
ROWS Alda 40
COLO A19c 1
COL1 A18¢c 2
COL2 A17c 3
COL3 Atée 4
COL4 A15¢c 5
COL5 Al4c 6
COLé& Al3c 7
COL7 Al2c 8
CcoLs Atle S
COoL9 A10c 10
COL10 ASc 11
COL11 A8c 12
COoL12 AT7c 13
COL13 A6c 14
COL14 A5c 15
COL15 Adc 16
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Computer Mimic
Function Beard Panel
COL16 B%a 17
CoL17 B8a 18
COL18 B7a 19
COL19 B6a 20
COLZ20 B5a 21
COL21 B4a 22
CoL22 B3a 23
COL23 B2a 24
CoL24 B2a 25
coL25 Ada 26
CQOLZ26 A29a 27
CcoL27 A28a 28
COLZ28 A27a 29
COL29 " A26a 30
COL30 A25a 31
COL31 A24a 32
OP RNG:0V - 33
OP RNG - 34 B28¢
on the
Telephone
Controller
Board 1
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A.8.5 Backlane Wiring.
Computer Telephone Multiplexer Monitor Boards
Board Controller MO M1 M2 M3 M4 M5

0 1

B32a B23a  B23a B17a B17a B17a Bi7a B17a B17a
oV B32c B23c B23¢c B17c¢ B17c¢ B17¢ B17c B17c B1i17c

Ala Ala Ala - Ala Ala Ala Ala Ala Ala

+5 V Alc Ale Ale Alc Ale Alc Ale Alec Ale

B24a B24a A2a A2a A2a A2a A2a A2a

+24 V - B24c BZ24c A2c A2c A2c A2c A2c A2c
B32¢ B32c ‘

B16a B16a B16éa B16a B16a B1iéa
+10 V - B25c - B16c B16c B1i6ec B1l16c Biléc Biée

B14a B14a B14a B14a B14a B14a
+14 V - B25a A25a B14c B14c Bi1d4c Bi14c Bid4c Bidc

B15a B15a B15a B15a B15a B1b5a
+20 V - B26¢c - B15c B15¢ B15¢ B15¢ B15c Bibc

PSELO A31c A32c A32c - - - - - -
PSEL1 A30c A31a A31a - - - - - -
PSEL2 A29c A30a A30a - - - - - -
PSEL3 A28c AZ29a A29a - - - - - -
PSEL4 A27c A29c A2Sc - - - - - -
PSELS A26c A30c A30c - - - - - -
PSEL6 A25¢c A31c A31c - - - - - -
PSELY A24c B2a - - - - - -

STSELO B31a Blc - - - - - -
STSEL1 B30a B2c - - - - - -
STSELZ B29a Bl4c - - - - - -
STSEL3 B28a B15a - - - - - -
STSEL4 B27a B16a - - - - - -
STROBE A22c B1a - - - - - -

- A28 -
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KYBRDO BY9c BSc
RYBRDOB B8c B8c
KYBRDOC B7c B7c
KYBRDOD Bé6c Béc

PSEL CS

A32a A32a

Appendices.

Multiplexer Monitor Beoards

A.B.5 Backplane Wiring. (Continued)
Computer Telephone
Board Controller MO M1
i} l
STMXAO - B3a - A31c A31c
& STBYTO
STMXA1 - B3c - A32c A32c
& STBYT1
STMXA2 - B4a - A32a A32a
& STBYT2
STMXA3Z - Bdc - A31ta A31a
& STBYI3
KYBRD1A B5c - BO9c - -
KYBRD1B B4c - B8c - -
KYBRD1C B3c - B7c - -
KYBRD1D B2c - Béc - -
KYSTRBO B11c Bilic - - -
KYSTRB1 B10c - B11e - -

- A29 -

M2

A31c
A32c
A32a

A3la

M3

A31c
A32c
A32a

A31a

M4 M5

AZ31c A31c
A32c A32c
A32a A32a

A31a A31la

Py
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Appendices.

Multiplexer Monitor Boards

A.8.5 Backplane Wiring. (Continued)
Telephone
Function Controller MO M1 M2
[o] 1
IMUXA A/OPO BSELA A2c - A26c A26c A26¢
IMUXA B/OPO BSELB Adc - A27c  A27c A27c
IMUXA C/OPO BSELC Aéc - AZ28c A2Bc A28c
IIMUXA A/OP1 BSELA - A2c B10c¢ B10c B10c
IIMUXA B/OP1 BSELB - Adc B11c B11ec B1i1ie
ITMUXA C/0P1 BSELC - Abc B11a B11a Bi1la
Computer Telephone Multiplexer
Function Board Controller MO M1 M2
G A
RNG MXO A10a B27¢ - - - -
RNG MX1 A9a B27a - - - -
RNG OP Alla B26a - - - -
OPX - B30c B30c - - -
OPX - B31c B31c - - -
MUX RNG/MUX1 B2Sc B32a - - -
STCRDSELO - B16c - A30c - -
STCRDSEL1 -~ B17¢ - - A30c -
STCRDSEL2 - B1iB¢ - - - A30c
STCRDSEL3 - B19¢c - - - -
STCRDSEL4 - B20c - - - -
STCRDSELS - B21c - - - -
STCRDSEL6 - B22¢ - - - -
STCRDSEL7?7 - B20a - - - -
MUX0 - B32a - A22c A22¢ A22c¢
MUX1 - - B32a Bdc Bdc B4c

- A30 -

M3

A26c
A27c
A28c

B10c
Blic
B11a

M4

A26c
A27c
A28Bc

B10c
B11c
B11a

M5

A26c
A27c
A28c

B10c
B11e
B11a

Monitor Boards

M3

A22¢c
B4c

M4

A22c
B4c

M3

A22¢c
B4c
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A.8.5

Function

IPHON1/0PO
IPHON2/0PO
IPHON3/0PO
IPHON4/0QPO
IPHON5/0PO
IPHON6/0QPO
IPHON7/0PO
IPHON8/OPO
IPHONS/QPO

Backplane Wiring.

Cso
Cs1
CSO
CS1
CSO
CS1
CS0O
C51
CS0

IPHON10/0PC CS1
IPHON11/0P0 CSO
IPHON12/0P0 CS1

IPHON13/
IPHON14/
IPHON15/

IIPHON1/0P1
IIPHON2/0P1
IIPHON3/0P1
IIPHON4/0OP1
IIPHON5/0P1
IIPHON6/CP1
IIPHON7/0P1
IIPHON8/0OP1
IIPHONS/0P1

ITPHON10/0P1 CS1
IIPHON11/0P1 CSO
ITPHON12/0P1 CS1

ITPHON13/
IIPHON14/
IIPHON15/

Cso
CS1
CSo
CS1
CS0
Cs1
€S0
Cs1
CSo

Telephone
Controller

A8c

Abc

A3c

Al12c
Al4c
Aléc
Al1Tc
A15c
B13¢c
A21c
A23c
A25c
A26c
A24c
A2Z2c

A8c

ASc

A3c

Al2c
Aldc
Aléc
Al7c
A15c
A13c
A21c
A23c
A25¢
A26¢
A24c
A22¢

- A31 -

(Continued)

Multiplexer Monitor Boards

MO

A25¢c
Bi3c

A29¢c
BSc

M1

A25¢c
B13c

A2%c
BSc

M2

A25¢
Bi3c

A29¢c
BSe

M3

A29c
BOc

M4

Appendices.

M5
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Appendices.
A.8.5 Backplane Wiring. (Continued)
Computer Telephone Multiplexer Monitor Boards
Function Board Controller MO M1 M2 M3 M4 M5
0 1

Adc A3c A3c A3c A3c A3c
STATUS O B23c - - B25¢c B25¢c B25¢ B25c B25¢c B25c¢

Adc Adc Adc Adc Adc Adc
STATUS 1 B22a - - B28c B28Bc B28c B28c B28c B28c

Abc Abc ASc Abc ASc ASc
STATUS 2 B21a - - B29c B29¢c B2%c B2%9c B29%c B2Sc

ABcC A8c A8c A8c A8c A8c
STATUS 3 B20a - - B32¢ B32c B32¢c B32¢ B32c¢c B3Z2c

A8a ABa A8a ABa A8a ABa
STATUS 4 B1%a - - B31a B31a EB31a B31a B3ta B31a

Aba ASa Aba ASa Aba AS5a
STATUS 5 B18a - - B28a B28a B28a B28Ba B28a B28a

Ada Ada Ada Ada Ada Ada
STATUS 6 B17a - - B27a B27a B27a B27a B27a B27a

A3a Ada Ada A3a A3Za Ada
STATUS 7 B16a - - B24a B24a B24a B24a B24a B24a

- A32 -
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A.8.5

Backplane Wiring.

Function

LINKO/O
LINKO/1
LINRO/2
LINKO/3

LINKO/4
LINRO/5
LINRO/6
LINRO/7

LINK1/0
LINK1/1
LINK1/2
LINK1/3

LINK1/4
LINK1/5
LINK1/6
LINK1/7

/LSDA
/LSDB
/LSDC
/LSDD

/MSDA
/MSDB
/MSDC
/MSDD

/LSDA
/LSDB
/LSDC
/LSDD

/MSDA
/MSDB
/MSDC
/MSDD

(Continued)

Computer

Beoard LINK
B31¢c 3
B30¢c 9
B2%9¢c 7
B28c¢ 5
B27c 11
B26¢c 17
B25¢c 15
B24c 13
B23c 23
B22c 29
B21c 27
B20c 25
B1Sc 31
B18c 37
B17¢c 35
B1éc 33

— A35 ~
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Appendices.

Computer
Function Board LINK
B15a
CRDLO Ada 18
B14a
CRDL1 Aba 58
19
oV - 39
1
+5 V - 21

- A34 -
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A.8.6 Extension Telephone Wiring.

Multiplexer
Monitor Board MO M1 M2 M3 MA M5

A15c 1 17 33 49 65 81
Al15a 2 18 34 50 66 82
Alée 3 19 35 51 67 83
Al6a 4 20 36 52 68 84
Al7c 5 21 37 53 69 85
Bla 6 22 38 54 70 86
Bilc 7 23 39 55 71 87
B2a 8 24 40 56 72 g8
B2ec 9 25 41 57 73 89
B3a 10 26 42 58 74 90
B3c 11 27 43 59 75 91
B18c 12 28 44 60 76 92
B18a 13 2% 45 61 77 93
B1Sc 14 30 46 62 78 94
B19a 15 31 47 63 79 95
B20c¢ 16 32 48 64 80 96

The above table indicates which Extension Telephones
are connected to a particular Multiplexer Monitor
Board. E.g. Extension Telephone 56 is connected to Pin
B2a of the M3 Multiplexer Monitor Board.

- A35 -



REEAR PANEL LAYOUT:-

COMPUTER BOLRD

TELEFHONE CONTROLLER @

TELEPHONE CONTROLLER 1

MUX MON BOARD ¢

M1

M2

M4

MUX MON EQAERD &

NOT USED

NCGT USED

Top

POWER SUPPLY

]
OF @
+ 24V

Voice

POWER SUPPLY

—
OP 1
+5

- A36 -
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1

LF

\.
=
b e

e
<
'..l..

)

o

L

h,uxe;%
) g 0] f) e

G-

)

1

u
1o

et e
B e e i e et ol o )
Lty

a bt
-

y
3

L R RN
]

)
-3 1)

|

iz

[
n

AN}

FREL

LEAT

FrHEL DATA PRELULE FiLE

B R S R R oo gE ot R R o B T L
B B T L e E e O 75, £ o o2t T30 TR T L3 B K T RO L IR Y L3y CF8 SR PP SEL s M O PR e
#onk EMERGENDIY TELEFHONE SYZTEM *
b i S o SR S G S S S SR ok o SR TR R S SRR S S S S aRt ot o o a3t MR R oat B R v S Ll SR SE B i o
# The followins COMMAND FILES are available:t

i. Z.CF:1 Assembles and tinks all the
modules for the full system
and faves the obliect Code in

FREL.LOYL,

ii. ZL.CFel Assembles and Links atl the
maodules for the full =vstem
and zaves the ohiect code in

FREL.LD:1
and the listing in
FREL.AOL:L.
iti. S.CF01 Assembles and Links altl the
modules for the full system
and outeuts the Liztivns on
termitian screen
and saves the obiect code in
FREL.LID:=1,

v, LF.CF:1 Gescembles and Links all the
moduies for the full srstem.
The tisting iz ogutrut to

the Lline Frinter.
These chain filer will call other chain
* filez durins executiaon.
D R S TR NE SR i RS G R LR S S SR S ob A R N R ST S S S S R pE S S G R
sk Alister van Tonder e SOZ/ET
E B2 T S R S SRS TR G2 R B S T B ) B o S SR SRR S S g P SR S8R S SR TR RS S S e o o i S S S SR o R

)

FEEEEE R R R FREEEFE LR R EF
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—_—
e i}
D54
=7
it

']

L

233
D40
041
042
(L 3
D44
G450
et
&7
Qe
04z
gt
0ol
oz
0oE
054
055
D5A
0s7

Y
05 iz

0oy
D50
S

D&E

Q02 FREL .5Atl PREL DATA PRELUDE FILE

CFET FEL
NaM FREL

TTL IaTa PRELUDE FILE

b o S Ch S o R L oEL = e TN B R e A R 1 TRk sk 2F: o o5 o H o SR s aE TR cha ahs o 2% o oS oF: B SR o TP
DATA FPRELUDE FILE

SYSTEM FLAGS: ZYSFLG~ EB7F

OFERATOR FLINCTION

B&
EZD
B4
EZ

-
L

Bl
ED

STATUS
BE7
B
ES
B4
BE
B2
Bl
BO

Not used.
Mot usged,
Mot uzed.
Not uzed,
ot used.
Not used.
FLASH-ON
Not unesed.

]

ETx—
e
LaMFH
RINGM

Not used.
£

CLREM
ALDTIOM
RINGNE

M
o

T £ M)

b SR EEEE S ok sy oL N o S e SR SR S M S SRR T S S S SR R S o o o s o M SR o

B

S S S S S R T T b i o N S SRR SR o8!S T DR SET AN T T SRR P2 S R S S0 SR RS e o T 1

£
+
o
+
£
b o
o+
KN
-+
N
+
E S
+
+
e
b
=+
£S5
*

Sl L LR
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e O0F FREL =

4 oDz
S QOOOF
) =0

o N
e T

0040
QOBF
nleieis
OOnOF
GOos
OOF7
aTaTnY:1
OOFE
OO0
OOF7
DO32E
OOEs
D0
OoED
Qo0
QUFE
OnnE

1000

4
=
A
7 QO7F
-
4

[alalain
O00n
O0O0=
IRIEIN)=;
DOOF
DO07

2000
2001
2002
2003
2004
2005
200=
2R
SO0
200
S0O0OF
20l
261z
2013
2014
2014
2000

L1 D1ED

o H

1

DD DLLDRDDDL DD DI

B i e I S

TP RIDDDDD D

FREL

FLAZHE
NFLAZE
aCkM
MNATEM
LAMPM
NLAMFM
B INISM
MR INGH
i

N
CLRM
NCLRM
CTRELD
MNETREL
ZTREHI
ALDRNG
AT
NAUDIO
R INGRG
NRNGNG
NRGNEM
TSTIME

L 4

LAMFE
ATaN A

CIE

R INGE
CLRE

MM

RIOW
CRAO
RINSG
CROLET
RIS
oLl
s

-

SOl
tYEBRD
CONNCT
SZTREFH
STTSEL
STATUE
CRIOCCR
L INKDG
LINEL
EYECR
FLEHTHM

ODATA PRELUDE FILE

Eist
E i
[l
e
EEi!
EGL
B
EL
ECL
B
g
e
Eri
EGH
Eisid
EGL
ECid
EC
Eid
EiLl
ECiL
ELil}

FKEYBIARD

e
eIt
ey
ECi
o
EiLt

El
£
Eid
e
Ernil
g
ECd
Er
EQW)
Ecnt
Emtd
Emil
B
E
EGL
EQit
EriLl
Eal

EO2
¢OF
sE0
€7

40
$EF
EI0
€DF
TtO=
gF7
F04
SFE
=00
=F7
§55

il
Ll

SOz
$FD
$01
$FE

. $DE

1000

£
E
$3
£
=F
7

F2000
F2001
$2002
2000
2004
FR0O0EA
F2002
F20D0A
F2000
F2O0E
F200F

TOI0
g2017

S013
FZ2014
F2016
2000
FO1E0

NECOnO=

-—
=
-
=

B3=0
EZ=1. ENAELE CEZ 0O/F
ALDT

HOIOM + RINGM

NOT RINGING & NOT RING
LAMF TEST TIME

DATA ke

LAMF KEYCOD

ACE KEYCDD

& EEYCOD

RING KEYCOD
CLEAR KEYCOD
LUNUSED KEY CODE

FIanA
CRA&D
FIAOQE
FIACR
Flatla
FIALIR
FIAZA
FIAZE
FIAZA
FIAZE
CRESZ
FIAA/L
FIA4E
CRE/3
FIASA
PIASE
CRA/E
FLATSHING FPERIOD
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in
D
LE)
[

iE 004 FPREL FREL DATA FRELULDE FILE

L 1 ';." B o S 0 S i S e SR S B St T S IS S S R SR R S o S e S SEO G S SEE REE RN SRR S M e S SR 08 S R o o
1z * CATA SECTION #:
[ 1 ’?.-‘ B o o o S T ST B e ed BT BT L 0 SES SEE B30 RERSEN REL 340 M X S SR A T A SRS SRR A S S SRS SN N S VT ARt sar i
(20

L2140 Do00 DECT

gt YDEF =

-

SELIG ZYSTEM FLAGE
SYSFLE RME

VREDE £HDO0 o001

o

A
124 XDEF ENCETO OF#0 FLING STAT FLGE
(250 Qool o001 A FHRCETO RME 1
L2asD s aluh] A FHZZT1 RME 1
V27D G003 O A BUFND  RME i STAT BUF MO 170
LEEL 000 002 A BUFADD RME = STAT BUF ADODREESS

e # . 2TTEUF OR ZTELUF1
YDEF :

MIEC RME
Y[EF

IRGCNT RHME
XOEF

EYRBIJF RME
XDEF

EYBUFT RME i
NCOELM  EME 1
NRTOW RME 1
! XDEF E
(410 o00E D001 BYTND RME 1
1
E

1

1

0l
m
)

s o007

D

t

AONT

i
=

(e}

QO0o Qons

p
TR R

CYRBLIF

o
I

OOOA D001

T p

TYBIUF1
ODOE 0001
OO0 [BINInR]

O gInlekt

g 0 G G G

,Af.gp,u ,
G0 ] T O B (] v
=Rk~
DD D

93]
=4

B
Wt

o

(420 O0OF oo0l BEYTN1 RHE

143 KDEF
V440 2010 0001 EITNG RME

45D 001t G001 BITN1I RME

L4 XDEF CFRNG

L8470 D012 0001 QFRNCO  RME i CFERATOR NO

V42D O01LE 00C1 EYEINP RME 1 FYBO INFUT CGD

470 0014 OO0 RME 1 EYERL INFUT COD

L3230 XDEF FRZTHO

lS1D OC1s Q002 FRIZTNO RME g FTR TO FIRST NO IN &
LASTHND RME 2

DD I I

o

\Z20 0017 Doz
LS=
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5 005 FREL .SA:1  PREL  DATA FRELUDE FILE

55 B B 35 R B o R R LR S T SR S b o o S SR R S T B S R S SR S e S o o S SR e o R S S BB S o i o
=4 +: DATA ARRAYS +
5 ? B S S S TR SR 2R 1 o o1 th o aBk o5 o pEs B SR S o e S SR SR e S SRS ok R SSTRE S SR L B e
g

o XOEF STTBRUF STAT EBUFQ

A00 O01T 0013 A STTEUF RME 4 STATUS BUFFER O

&1 XDEF STEUFL STAT BUF]

&L O0F GOlE A STEUFL RME 24 =TATHS BUFFER 1

&5 YLEF COL BLIF

SE0 004 DOLE & ColLRUF BME =24 COLUMMN BUFFER: STEADY

&5 XLEF FlLoH

AED Q04T QaiE & FLE=H RHE 24 FLAZH BUFFER: FLATHING
a7 XOEF G

20 0077 G000 A DUE ~ME 152 GLEUEING LINKED LISTES

£ XLDEF TETCNT

Fon QlEY D00 A TZTCNT RME 192 STATUZ LINE DEROUNCE C
/

:" R RR RV IR 1 T ERTTE oFr SR LB SR Se SR SRS AR SRR EE ) a2 oB2 oF) o oo S SR H A DR SRR SEY R MR RET SRR B SR B S
7 + FROGRAM SECTIONT CONSTANTS #
7 B oE R 5 e i R R S S SR O SR R o AR R T R R S R e R R S S R O i e e

R

SO0 ) !:ru D I S Y I RS

o

Q000 FECT
XOEF MASE

XDEF NOSZon FEYEBOARD CODES 1 TO O

L L o et e el e e e e e e e O S P e S /A T AT

7ER 0000 1 & MAash FCHR 1.2:4.8,14.32:464,122
7 XDEF CROLFL
SO Q00T =0 & CROLFL FCE $30,.$40 CRADLE FLAGS
z1 YOEF STOCOD MUY ADDR DECODER
2P 0004 Oz & STDCOD FCE SO2. 03,504,307 PHONE ZTAT: Mo,
IR GQOE A A FCE E0A. $0B. $OE. $OF FHONE STAT: MIs
S4F Q012 1% [ FCE 212.%13,%14:.817 PHONE STAT: M4,
25F 0014 0o & FCg TO0. 01,804,800 FAULT STAT: MO,
SAF 0014 R & FCR SO, 07600800 FAUILT STAT: MZ.
S7F OME 10 A FCER F10.%11-%148.%15 FALILT STAT: M4,
2%F oozz DE A NOZCOD FCR FE- 0.2, 1.0, 508745, 5

DRV I S B

XDEF VOICE MUX DECOD ARRAY

VOQICE FCH SO0 F10. $20. 330,40, %70, 50, 50
FCE £01.%11,.$21.331.%41.51.341.871
FCE FOZ,$12, S22, %32, 342, 72, €52, $52
FCE FO3, %13, %235, 335335, %43, 55, 435, 73
FCE $D4y$14:$24a$34;$44,$?4s$54;$L4
FCE FO0. 15, F25, $35, $45, $55. $4£5:. 675
FCE EOL 1426835, 5446, 8746 +J-.$ &
FCR F07.%17. $:7.$:7.$47.$57.$67.$77
FiZRB SO, $12, 25, £32, $48, 72, €52, £453
FCE $07:. 17,827 $37, 4%, $59, $49. §79
FCE F0A- %148 %20 53R $4A- $7A- £5A. $5A
FCE $0E. $1E:.$2F: $3E. $4B, 5. $4B: 7B

(™)
~{)
g
e’

121F OOZC 0o
195F O0ZF4 01
193F O03C 02
124F 0044 03
195F OG4C 04
174 005 05
177F _an gy
1%5F 0045 ' o7
1935 ODAC s

200 0074 o
'ﬁlF QOTC s
e lal=t: Op

T IPPDDDPDDDDDD

Eﬂ3

204 + MID: BYTE ADDR AT MUX
205 + LS MUY ADDRESS: TataL OF 12 MUXTS PER OF
204 # MOICE IS MODIFIED TO CORRECT FOR HARDWARE E

07
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SZE 09s PREL LSATL FREL OATA FRELUDE FILE

BLIND FCE sFF 1 T 12 — HANDSETS
FCE SFF 17 7O 14 — HANDZSETZ
FCR sFF 17 TO 24 — HANDSETS
FCE =FF 25 TO 32 - HANOSETE

21T 00D FF FoE EFF 33 TO 40 —- HANDSETS
214F QY1 FF FCE $FF 41 TO 4% - HANOTZETZS
ISP D0%Z2 FE FCE EFF 47 TO 54 — HANDSETS
2iAF CO9E FF FCHE $FF 7 TO 44 — HANDZETS
217F Q034 FF FCE EFF &5 T 72 - HANDZETS
O3 FCE FOZ 73 TO 20 — HANDSETE -
GO FCE SO0 o1 TO 52 ~ HANDESETE -
Q0 FCE 00 =7 TO %4 - HANDSETS -~

FCE sFF o - FALLT:=
FCR EFF ¥ 7O 14 -~ FAULTES

FCE SFF 17 To 24 — FAULTE
FCR EFF 25 70 32 - FALTE
FLCE SFF IE TO 40 — FAULTES

FF
FE
FF
FF
FF

[
pn

(E1)

LPLDHDDPDLDDPLDLDDDDDDDDDDDDLDDDDD DD

FE FCE ¢FF 41 TO 4z - FAULTZ

FFE FCE sFF 4% To D4 — FAULTE

CDeE FF FCE SFF 7 TO A4 - FAULTE

S2TE OOAD FF FCE HFF AT TO 72 — FAULTS
2IOF O0A1 0z FCE O3 TE 7O 20 ~ FAULTE -H
ZEIF O0DAZ 0 FCE EO0 21 TO 22 - FAULTES --
IEZP OOAS uTs! FCE 00 2% TO 94 — FAULTS -
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Y
h1E1=

1E4P
i
i

VA
= )

1241

124

124 3R
ey ae
R Yot o
124

1247F
12LER
IZAGE
1Z50F
2SR
FEach: =
1253

1Z2S4F
1255P
12SEF
12T 7F
1252F
2SR
Y260

2451F
12AH2R
1ZEIF
1ZELE

YEET

1ZEER
1I2&7F
T2EEP
12EIF
WETOF
1IZ71F
W27 P
Y27 SF
127 4F
127SR
12T EF

el
Y/

Q7

DOAS

DUARg
DOAL

COAE

DOAD
(BI8) i
GoR1
QORE
OORS

DOBEA

OORT
taley oyt
DOBED
OOBF
Qo

04

—
I

]
1™

o

Mmoo

N

—~

!

WO
:,i:? -3,
181
IO

(@181

=
E

ninlij}
G033
QOoA
aons
QODA
0T
QO0O0E
OO
OO0ER
GOE4
OOES

RESET

1A
10CE
CE

(UL [ e e I ' |
I~ m

i

Y I N s

0o o m o
e R

w4

0

Mid B>
B BN LN RN B LN I ¢ L S

~

m
~

"
I

10
O7FE
O7FE

2000

0 e
oy

FE

7F
2000
07
2001
FF
ODES

OF

palini
04
SOnE

FF
2004

e}

o}

bt b T e e e

OO0 00 T e 00

n
[

I I

DI

OoEs

DD LA R R e

DD LDDDD D I

FREL

baTAa FRELUDE FILE

ALISATION

RIOUT INE

B e T S Rt 11 115 213 1 s v i R e ot 132 S BN SRR SRS L0 EER EENLER BN SRR RS SRLEY S BY SR ERE R AN A 1 25 13 11 o1

4

REZET

PR SR A S o o8 B SR PR R S R R MR SRR M KR B R A e R it < s aTs o ot o o o PR o SR T

FIADA

FIAOE

COL M=

XDEF
=
Lo=
LTl

LD
CLRA
LDE
=TA
DECE

ENE

LI
STA
LOA
STA
LDA
=ZTA

LDA
=TA
LOE
STE

LDA
LDX
2TA
ZTA
ZTA
STA
LEAX
ZTH
STE
TR
TR

FESET
RE10
#¢7FE

£37FE

& 2000

#¢17
E. X

CRINIT

#27F
E2000
H507
F2001
HEFF
FIAOA

#EOF
T2002
¥4

2003

#EFF
HEZOO4
X++
X++
Y++
X
5. X
X++
X++
X++
X

SET IRL MASE FOR EMULA

INIT &
INIT U

FIA O

FIA(E}

B&-BO O/PTE

CA1 IRG,. ENBL DR'S

DISABLE ALL ROWS

ALL
ALL

asF”
a/p’

CoLo
ol
coLs ALL C/F7
CoLE ALL GSPT S
REZET X=%200%
COLO DR ENEBL
Coll DR ENBL
Col? DR OENBL
COLE DR ENEL

0y 0
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or

I
m
-1

a5 QOB RES «SA1 RESET  INITIALISATION ROUTINE
~ OnES
© D0ER
© OOED

el
iF
=0

FIAZA CLR  $200C LL I/F°%
LI #$1F CAl & CAZ FOS GOING IR
TR #2000 ENBL DR

m o~
~J G~ M
T b ]

)]

' OOF .
' GOFE
COGFES
- GOFT

FF
=0
=4

— e m—

2OOF

FIAZE LDA HEFF ALL TR
STA $Z00E
LoA 54 CBZ/Z R ENBL LR
=TA SO0

o I S
f

LA O a B
DI D> I>

 00OFAR iF FIA4A  LDA HE1F E4-ED2 O/F° S

i FaY
* DOFC BT7 2010 fa ZThA FZ0OI0
GFFE F7 =011 Fa STE 22011 ENBL. LR

y PIA4E  CLE $£201z2 ALl I/F°S
#E1F
STA EZ0OLE CE1 & CB2 POZ GOING IR

0102
C 0105

0107

Z201Z
iF
2013

M
DI
(7 ¢

{m}

I

[an KRN
»l [

FIASA LDA #3$FF ALL Q/F7E
STA $2014
STE $:015 ENEL DR

0108
S5 Uyl
© OIOF

FE
S04

2015

T
R A
Iy I In
i1
-~
T

2014

2017

YRQOP 0112
ISR QLIS F
1302

3O

m
I

FIASE STA 22016 ALl O/PT S
=TR

2017 ENEL DR

> I

YIO4F OL1E L 0000 A LOD #0
IOSF QLIE SE 0201 A LOX #$501 RAM TOF
JF0LP QIIE ED &3 A CLRMEM 3TO ==X

IROTE 0120 2C CO0o A CFX #0

TOSF 0123 ZE FY OL1E BEGT  CLREMEM

ot

~0

,.-.
"t

0122 2% 40 A LNETS  LDA #LAMEM
0127 EB7 0001 D =TA FNOETGC SET LAMF TEST FLAG

mm

et e

00 Gl Ol &0 ) 0 0 O O i
,l r'._:! L)

£ O COnNsT  LDX $#STTRUF
4 I ETE BUFADD SET BUFADDRE FOR MAKBLE
i 0474 LEZR MAKEBLF MAKE STATUSZ BUFFER

01ZA ZE a
0120 BF O
0120 17 0

5 b b s bk prb ek bk e ek
ORI A | IS
Mmoo

e U~ S )

=
IlerR DIT3E 24 17 Al LDA H#2E
Z1eF OLZE5 E7 0o { =T NCOLM INIT NCGLM
IBZ20F 0138 24 0% (] LA #= ,
2Z21F 01348 BT nelagw! b =TA NROW INIT NROW
ZF ol1ZED 2E 120 [l LOX #FLSHTM
0140 BF DO JE] =TX IRCHCNT

FF LA #EFF

200E =TA CONNCT

QoED O7Z2 LEZR STRIEE INIT MUIX/MOIN BOARIDNE
7FE al ANDA #$57F

SO0OE Fal STS ICONNCT

oShE O72E LEER ZTROEE

F 014F
E2AF D145
IZE2FF D143
IOSE O14E
122U 0140

PAS0R 0150

I» I»

Lol L IR A BEA B
o B L TSN BN i

FO1E3 0214 O34A LERA MAINF START

NN R NN

L]
ey

[ S SR B T e 10 1 B SR VRS SR RN IR S S SR T S R TR SR SR MR SE oks o BB 2R i B i i i o SR B o i e O
* ENDr OF RESET ROLITINE
E xpe i A0 o S S S T S e B F R AR B R T a s o i o oAt ot TR SR R L el LB DR RS SR SR L Y R R SR B LR S S

- 8 -

CERUI VIR I K I B R Y O S

e

gtz EUUY RTINS ES Y Y R Y

1



B
T

Q0% RESET -SATY RESET  INITIALISATION ROUTINE

TTL SHIRT ROUTINES
Bt oE i 2 5 SUR oh ot o oh 2k o o s ot oE S SR SR ah S ch i U e ok S SRR R R i i R i e e
* DELAY ROUTINE
B R o S50 S o S o R SRR o G B e o SR AR R 38 SRS HR BN S S HE R SR SR S HEY SR B SRR B N R SRR
XDEF DELAYR
0IZz OIDE DELAYR LBSR  WTCHDE  RESET WTCHDSE
i1F (&1 LERX -1-x
F 0154 ENE LELAYR
RTE

TEPENS TS TSR PSRT |

I SO o M S A

1S4
1S
OisR

15l

|‘~..J

R NI I I S Y I
MM T
DU B R A

0

iy
!

B S SR SR S A S 2 SR TR R A o S SR R R e £h 0 ot o o R S SRR T TR R AR SR T S P S
# FIND MOST SIGNIFICANT BIT *
b 2A0 22 ST B SR I o S B8 SR ) ot M S SRS SRS R o R B S R R R T M SRR S S SR SR R S e
# FINDZ MOsT SIGHNIFICANT SET EBIT IM A EYTE  #+
# —— IMNFUT FARAM™Z: X - DATA POINTER *
+ — DUTFUT PARAM S: A — SET EIT'S NO #
CHANGED: X *
# ———  LUNCHANGED: Y. DF. U5 #
b o o B o S SR o oF S Sh S G SR ok b o ok e Sh e o S B R BEEE o b R B o TR SR R o o B SR R o e o

XDEF FM=E
FMZE LD& X DATA

BEX MOZE N OZET BIT

LoX #MATE D
EITASN EITA -X

BEQ EITAGH BIT NOT SET

TFFR xX.o

SURD #MALE

TFR E-A

§oiad Tl e} ER] 0pd 0 Uad ] s ) ¢

ORI AR i L
00 wd s O b 0 RY e

-+

A

e I YR (Y Y I RS RIS Y RS I

#*
1
|
]

DA Al N

O do ] )
Lt

T

{==

- O1oE
0140
Qlez
145
Q1467
0142
D1&B
D1EE
0170 RT=

0171 FF A NOZE LDA H#EFF
Q17E 3% ET=

=
oF 17
DODE

2z

FC D14
10

GO

Do) I::x

=

D

O

RO TRCCY R R I O i B

i
T

A & s B 6 e i e 5 M

o~ O
-9

[

£

sy

N> M I

X

MO ) b 0 e B3 T

0

SRR

EEE SR SE S0 iR e R e i o B 2 S SRR S S o R S S S SR S 2E R i ok o R ok i o SR R R o S
XDEF VALEIT
B TR SRR S S S T G o ot o S o B L 3 R SR S L SRV R M L HE R S S SR o 4 b B e
+ TESTES STATUS OF SPECIFIED BIT IN EYTE. ¥
# —— INFLUT FPARAM Z: X — DATA FOINTER *
— BITNG *
= BEIT STATUE *
— MASKA(BITNI *
+
E
#*
+*

SN

SN RLN N ER) B o O

0o 0~
2

© = OUTFUT FARAM™EZ:

1]

- HMAZSE

~ #LOATA

—— UNCHANGED: DF-UL. S

B S T SR SR S SR TR L SR SR ST e B EEE SR R SR S R SRR S S S S S AR R R e e

D 0

1l Gl Gl el 3t e O] 0] 6 D 6l D

A N i

) G
DERR | I =Y 7Y O RS

XU

+
4

+

+:
+
S
£

AR O
LERRN

NENEr TN

ZSYF 0174 102E Q000 & VALERIT LDY HMASE

0173 E4 A& fa L.OE A:Y MASE (BITNG)
0174 4F CLEA

GI7E ES o4 [« BITE X

G170 27 il 11240 BED BITCLR

O17F &4z INCA

Q180 =2 BITCLR RTZ

1A
{

el Nl Ry O G T
SO0 0

]
MMTWUIM D

DSy
o LN s ) b

L) s
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MIOFP 018

pLER R
JAZZF

3ZEF 0

AT A 4 l

148248
I8ZSF
2425
227
J42E
M2y
N4E0
prACH |
24E2
24335
3434
1435
J4EL
3437F
IREER
I4ZIR
2840F
MGa1R
M{ATF
4453

JARAF O

3445F
2444
2347F
1442F
I447
IS 0F
MTIF
24T2F
MS3EF
2454
J4E5SF
J454
METR
RSl
2459F
J4A0
J441

01A7
Q1IRY

G1RE C

O1AD

DIAF =

O1B1

013 =

O1BS

0187

QlEE 2Y

QOO0

0h
G4
10
08

m

;:::
[KX]
DI

P I

D

I I» i D

By

Bt Sk B s vh 2 o S LR i B R SR SRR R B ck S o ot S ok o ok o S SR Gt 2 Sk R SRR A i R 2R
XDEF  SETEBIT

i SN N U s R Gt R 5 s b ch o o SR SRR S S SR R S SRR o e o e e o ok SR o S S S o R

SETS/CLEARE THE SPECIFIED BIT WITHIN A

: SFECIFIED EBYTE.

+ —— INFUT FARAMT S8 - DATA FOINTER

: BIT STATUS

- BITND

m I >
i

— OUTFUT FARAMT Tt

- HOATA

: - HMATDE

D UNCHANGED: DF. L. S

B Rl Sk i cE ok xE TR SRR S TR BEG S8) S RS KT SRS SR VRS RS SEY VO OS VRS REY NP AL TPYUFS SPS NP SE 52 AU P

=+

e
+
+

b 5
£
K3
4 fa)

# E — BITNC
+ X

1+ Y

wh:

K

w
+
#
o+
+
#+
- NEW DATA BYTE *
¥
4

2 3
£ 3
g

SETRIT LDY #HMASH
=TH EIT =TATLS
BEL SETOFF
SETON LDA 2 A DATA
ORA& B.Y MASK (BITHND
STA s X NEW DATA
RTS
ZETOFF LDA B-.Y MASE (BITROD
ooMA
ARDA * X
=TA » X NEW LDATA
RT=

B R o o SR o R s ok o Bh S (B o o o o ok o o ol o 2 S R R i SRR S o S

XOEF BINDEC
EE S  oE SRR S 2 oE o SE R s ok o R st o TR SR R RE BE o B SR SR TE S 2R o S o 2 R R R h S B
# —— INFUT FPARAM S: A — BIN NO *
# — OUTPUT FPARAMTS: A — DEZ NO #
# - THANGED: A-B.DF-5 *
#* ———  LINCHANGED:! X-Y.U #
* NOTE: MAX NO@ $£3 OR 9% #
IS 230 SEU S Y REY R OR T3S Ba0 S8 S0 GBr S = T VRO TR BER SRNAEY R SRR R MR S 2 S SEN S R T30 o B A S 08 S S N TR R T
BINDED TFR A DF

TFR A E

CLR&

ANLIE #EFO MEzD

BEW NOTENS
ADDl & ADDA #$1&

jRjata

SUERE #E10

ENE AlL1A

NOTENZ TFR OF:-R

ANDE HEOF Lsn

1y

CMEE #10
BLT ONEFLE
ADDA HE10
SLIER 10

£

CONEFLS PEH B

L

ADDA - €10 -

jafats
RT=

LN
+.

NAM IRE



470F
4%1F
&5 2F
453

494F
475
AGLF
497k
43R
437F
SO0OF
SOLR
sez

S03F
S04F
ST
SOAF

S07

- OlB?
* QipC
© DIRE
el el

D ey

1A
o1
* GICE
= DICE
100
* 0102

Glos

© 0107

C1DA
alnn
O1ED

OlEZ
QlES
D1E7
O1ED
CO1lEA
OlEC
QlEE
QlEF

O1FZ
OlFS

DIFT .

01F7

L RN

GRS s o L RN IR e e B w BN A R 6 e RO o )
e I

2T~ 00 e T

2001
20
22
2000
DO0A
iF
O00A
§lalet
iF
OB
D120
o2
D000
OO0

Q00s

=5

[,

2013
O
{7

2000
-0
01

A
A
Ol1EZ
A
h
A
]
o
(A
oinn
A
A
o]

G1FA

IRL!

INTERRUFT DIRIVEN

ROUTINES

R S S L R LR R O S S SR S o SR S S R T AR T TR e b ot o cho o % RS DR OR S REE RS L S R R R S Y
INTERRUFT DRIVEN ROUTINEZ #

B o b o S RS S N30 TR oS S i o o SR L SR e b LER SEY SRV RIE SRR AT RER REYRET S S R i AR TS oBT o B S e o S

-+

b ke o ok o e S a3t ph gh oh R R B L AR SR TR L PR S R b o BE SR R O R o R e
INTERRUFPT CONTROL ROUTINE *
B va o4 o o i L EERE LR SR o S0 A S S S TR S SR R SR S SR R SR S SRS T SRS RS S S N L
# == ENTRY FPARAM™Z:
E o8 S S SR B TR A o M Y R R S SRR R S T R R AE LR ) S RETERT AR B SR S o e o e 4

=+

IRGF

TIMERF

STRCONT

fQICROL

CROL.X

. RLX

YR

XDEF
LDA
BITA
BEL!
LDA
LOX
LEAX
ETX
LDX
LEAX
BNE
LDX
LoA
EQRA
=TA
STX
BER

LOEg
EBITE
EBER
CLRA
BITE
BNE
INCA
LESR

LDE
EITB
ENE
RTI

IRGF
CRAD
#ET0
HCRDOL
CRAO-1
MIED
_1.~X
MZEC
IRECNT
-1,X%
STRONT
HFLESHTM
H¥$0Z
SYSFLE
SYSFLGE
IRGICNT
MIMIC

CROLCR
HECO
GEYH

#3320
CRLX

CROLP
EYBCR

$EC0
EYEX

MNONE e

TIMER IRG B
NOT TIMER IRD
RESET TIMER IR®

ODECREMENT MSELC

DECREMENT IRCHINT
RESTORE TO FLSHTIME
INVERT FLASH-ON EIT

RESTORE IRECNT
ODISFLAY INFO

CRADLE IR %

CRIL. O & 1 IRZ B
NOT CRADLE IRG
CROLO
CROLTI IRG
IRG

EYERD FLAGS

RETURN TO MAIN FPRCSRAM
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© 01FA
" O1FE

OIFD
O1iFF
0200

* Q203

N Ry T

o Q207

ISEOF
IEZLF
1S32F
S33F
1534
el o
it
1ISZ7F
1ISZEP
1537
1540
1541
jpatiynd sy

1IS4E

Oz

0206
O20B
OZ0C

0Z0D
QZOF

0211
Q213

0214 .

4p

=4
54

20

£4

-

LEN]
<
o

..,
]
[y

2005
OOis

Q4

o2
OF

,
g

Q77

A

Q200

A EYBDO

A ADDIG

QZAar

IR

INTERRUFT DRIVEN ROUTINEE

B SE 256 o SR e s i R S AR R SRR N S S TR R R R R A S N SR 1 o6 o5 R e o o S SRR G
FEYRBOARD DECODING ROUTINE.
250 510 B R0 S S St o SRS ST S N TR Shs sk okl st o o T o TR o o ik s iR R oF. E R T T ch Th SR SRR A A S S E

B

*

FEFE ¥

# o~ OUTFUT FARAM™ I3

ZTOREZ

FEYBOARD ENTRY IN KYRINP.

THEN BRANCHES TO EYEBRDF TO DIZFPLAY
FEYROARD INPUT,

—— INPUT FARAM™S: A — OFERATOR NO

— FLOBALY KYERLD
= BFLOBALY EYBINF

*

*
*

+#
¥
b S
pre
B

E RS R SR S S i S S e T L nha o ok o i G SR SR SR TR TR SRR S S SR S R LSRR R SRR R R B R A S ih ]

EYBX

EYBO

XDEF
CLRA
EITE
ENE
INCA
LDE
LIX
TETA
BEG!
LERE
LERE
LSRE
LERE
BRA

ANLIE

STE
LBZR

LED

RTI

EYHRX
#ES0
EYEQ EYBRD O IR
EYBRD 1 IR@
EYBRD READ EYBRO/RESET IRG
#EYEBINF

EYRIOQ

NMEW LSD: KYBRDI
ALDIE

#$0OF EYBRDO

A X NEW KEYBRLD INFT COD
FYERDF DISFLAY KB I/F

= NERK ENTRY

RETURN TCO MAIN FRGM
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wsE 214 IRO LEANY IRR INTERRUFT DRIVEN ROUTINES

¥ E; 4 E’ B B o8 2o B B B S G S S o o b S S REIRE S5 B VR RERE AN SRR LB B R M NS BRSBTS N S o oF o
1S4 G * MIMIC CONTROL ROUTINE *
i !:‘[ 4 ?' b obe S0 o SR oa S e o S b S S T R o S A EEE S e o bt S B B SREARE RE AR AR A B S E o e o o R
=4 #+ #

S - ENTRY PARAMI: NONE *
1SS0 * ELoBAL DATA LISED FOR FPARAMETERS *

=55 $$$$$$$$$$$$$*$$$$$$$****#**$$$*$$$**$$*$$$$$
e

EoAE 0217 FSCT

1254 XOEF MIMIC

IESSE D217 =24 FF A MIMIC LDOA #5FF

SEAF OZ21YF BT 200 A STH RO DISARLE ALL ROWS
557

BRSF Q210 T4 40 A LDOA #LAMFM

Ll of UZIE BZ Q0] X BITA FRCSTO LAaMPMO

BAEOE Q221 24 &7 D2ShA ENE MIMTET

SELF n::: BS QOOZ O BITA FNCETL LAaMPML

SEZF 0224 24 a2 OZ22A ENE MIMTET

SEZ

Q0449 0 LDX #COLBUF
02 A LDA #ELASHEB
0000 o HITA SYSFLG FLASH-ON FLAG

SE4F OZZE
ST OZZR

AF Q2ZD

o~ M

SETP QET0 24 g YZ5A BRHE MIMFLE

SR QZEZ BL oo STEADY LDA NCOLM

SLPE QZED EA = LDR A X COLRLF (A)
SFOF QZE7 FT7 2004 £THE CcoLs

4 T R I o o

S7IF 0O23A DECA

5729 Q23R Eé B& LB A X COLBUF (A)
S7EP 023D 2008 =TE oLz

£ T
DN

DECA

L.DE AP § COLELIF (A)
STE coLl

DECA

LOE A X COLELF (A)
TR CoLo

DECA

S74F 0240
STSFR 0241
S7&F D243
S77R 0244
S7SF 0247
7R 02472
SS0OF 0240

=
P

SEZF QZ4n 2 (423 0255 BGET FROMZ4

SRER OZ4F 4F CLRA

SE4F 0250 BT Q00D ju STA NROW F/RESET NROW
SQSF 0253 84 17 A LDA #23

SREP 0250 BY QOOC 0o FROMZA 5TA NCOLM

SE8YP Q238 20 3E D2PE ERA XRCOWE

MM TN
N Do
a0 (1)
SR DG
i &
P> DP D DD

I
I

oE

BEYF 254 Bé& OO0 0o MIMFLE LDA NCOLM COLUMN COUNTER
ZPOR 0250 102E 0041 D LIy #FLTH

SFIF 0241 E4 gé& A LOE A X CBLEUF (A)

SRR 0243 EA AL A ORE AY FLEH (A

fsgsp OZ&S 4A LECA
EY4F 0246 F7 2000 STR C

IJ9 P o067 E& 24 LLE A,
S4LF OZAR EA AL ORE As

=5??P 02eD F7 2008 STR C

SySFP 0270 44 DECA

SYIFR 0271 Eé LOR a

LOOR 0273 EA CORE Ax

LG1F 0275 F7 A STE £

EQZF Q272 44 DECA

HOZF 02797 E& 2 { OE A, X COLEBUF (B) - C13 -

A04F OZ7B EA : ORE A Y FLEH(A)

WEOSE Q70 F7 0 2004 STE COLC

WGOEFP D220 34 DECA

&07

&0

L

X COLBUF (A
Y FIL.SH{A}
L

X COLBUF {(A)
Y FL=H (&)
L

[
o~
DD D DPDDD

'.-.
}.

YD
[
b o



1%

LDk

SR

Lads =

e

O o o=

ST
S T
FOODEF
FoOzy2
Q295

?
DE 0ZYE
1P OD%E
2R OS9E
2EF OOZA0D
24P 0ZA%
2ERR QZA44
E&F DZAT
TR QZAD
LGP QOZAR

e
LBOF OZAE

(P39

PRCISEIN
oz o2Es
17 A
Qo bR
OE [RIRTS 2
Fr [AY
A A
2O0E A
2004 3
2004 a8
QOO o
00 e
SA Pal
2000 A
QUOn I
s Q2AE
35 A
QOOn ]

IRG

FROMZE

MIMTST

RTNIRG

INTERRUFT DRIVEN RGUTINES

BT
AT
STA
BRA

LA
2Ta
STH
o
ZTA

LDA
LD¥
LDA
SOMa
B5TA
DEC
B3
LI
STA

RS

FROMZE
HIE

NCOOL M
XROWS

#4FF
COL3
coLe
oy
COLO

MR
#MATSE
Fas X

RiOW

NF W
RTNIRQ
#5
NROHW

EnNaBLE ALL LEDS

MASH (NROW)

INVERT ROWE

ENABLE A ROW
DECREMENT ROW COUNTER

FIX ROWS



AGE 014 IRE JSAT1 IRD INTERRUFT DRIVEN ROUTINES

B a S S oh ot o S R R e S e o6 i o o S TF TR RLTRRA e 1T T R R N SN WY SR T LAY BE TE R CRY VR TR EE SN
* FEYBOARD FROCEDURE *
b o 2 o b 3 5 B SE SE SR R R S SE R R b R o R o ok SRt SR AR o SR SR SRR R AR o R S R S i
$: i *

FUNCTION FEYZ ZET AFFROFRIATE FLAGES IN *

o s
DRt & SN W S

LS IO Y TS TS T |

ARSI AN IEN I U ) [ O Y|

- "
b * FUNCTION STATLZ. NUMERIC KEYS DISFLAY-+
M * ED ON NUMERIC READOUT AND STORED IN *
A0 #* KEYERUF, *
is41 # —— INPUT FARAM Z: A - DOFPERATOR NO *
GE82 o+ - GLOBAL: KYBINF #*
el E # — OUTPUT PARAMT TSI — NONE #
3&44 B o S T R o o E ik e e o R R e B S R S R S SR e SR R R S o R

FICE

AL L XOEF EYBRLF

W=ATE Q2AF : A EYBRDOF TFR A, DF JF#, MUY NO

Me4ZF QZB1 & LEtx #EYBINF  KEYEBOARD INFPUT
W4IF OZ2B4 A LDE A X FEYEBOARD(A) INFUT
2ESOF OZBE A ANDE HE0F L5D: NEW I/F

prhap ]

~ M N
o

DL R
T
iy

i
1]
T i)
—
i)

o

ES2ZF OZBE 2E 0aol i LoX #ENCETO

D3P QZBE C1 o7 A CMFE BNONC NOF FEY

MISAF QZEBO Z4A 01 0280 BNE LFMACT

IESSR D2BF 39 RTZ DISRESARD THIZ KEY

WHDE
WS7F 0zZC0 34 Ok A LPMACT FSHS a.B O~ OF$#, 1—- EYBRD I/F
WATER 0202 CA 40 A LDE #LAMFM

WMISPFR 0204 Fo Q0001 o EITE FNCZSTO

eEOFP D207 24 05 O2CE BNE DISREO

ELP Q209 FT Q002 ju BITE FNCSTY

WREZE Q20T 27 03 0201 BED L.AMF

MLEEZE QZCE 32 a2 8 DISRGD LEAS 2.5 RESSTOR &

e&EAF Q200 37 _ RT=

WbT

WEEER OZD1 3D (813 & LAMF FULE A-E A— OF#. B-KYRD I/F
YaETPR O2DT L1 O A CHMPE #LAMPE

WobZF 0205 Z& 07 D2DE EBNE ACK

aAPE OZDT7 LA 40 fat LIE #LAMFPM

WTOR G207 EA 24 fal CORE s X

M7 1iF QZDB E7 24 A STE FATE § SET LAMFM FLAG

WTZRP OZDD 397 RTS

W73

W74FR OZDE 1 4] A ACHE CHMFB $ACKK

VAT7SFR OZED 24 Q7 QZEY BNE CLR

WTEAER OZER LA =ie) [LOR #ACKM

WTTE Q2ES EA S84 ORE A X

WToP Q2ZEA ET S& STE G, X SET ACK FLAG

RTPE QZES FT RT= '

S0

ME1F QZEY C1 GF

WEZF QOZER Z4& 07 OZF
JRREF OZED L& 04

w4 Q2EF ES i

WEER QZF1 E7 4

DD D

CLR CMPER #CLRE
ENE ALIDELIG
LDE #CLRM
CORE A X
STE A X SET CLEAR MODE FLAG

DA D

SAP DZFE 37 RT=
ST

EESF OZF4 LA Oz A AUDFLE LIOHE #AUDITOM

MEFE O2F& ES a4 A EITH A X

WF0OR Q2FE 27 01 QZFE BER CRILS

WMFIFP 0ZFA Y RTE AURIO ACTIV, DISREGARD
W72

ISP OZFR 2
74P OZFE FA
WISF 0301 ES 51

WZEP Q303 Z7 1 0304

E eleles CRDLZ LDX #CROLFL CRADLE STATLUZ c15

P

2002 A LOE RING FIA
A BITE A X CROLFL(CRDL NO)
& BELD CROLUP CRADLE UF



ysE 017
VRPFE D30T
SATER QB04
WEPPE DE0F
ATOCGE QRGH
17701

3TOIP O3I0D
1703F G310
WF04F 0312
WFOSPR 0314
3706P OZ14
ITOTE O3Z12
sToERF DZE1A
1707

7I0P OF1B
Y711P 031D
W712F OF1F
27713FP 0321
W1aFR OZ2E
ISP O3ZT
714

WT1I7R 0324
WZIgR 0328
IR OIZE
YW720FP 0Z2D
ITZIP Q3ZF
Y722F 0331
I7ZZF O3FF
3724

I720P OF34
YI2EF Q34
I7E27FP QO33R
W7EEP OF3ER
I7EPP OZ3D
W7I0OF OTFF
WILIR 0341
WT3ZFP 0344
YTEIR 0344
W7E4R D347
ITISE OZ4E
Y7ELF O340
WETR QF4AE
I7IER QZ4F
V7IFE OSSO0
1740

741F 03551
74zF 0353
2743

3744

Yt
A
]

Cr Mmool i
o M0

0 I CY B OO 00

MNP O [0

A )
[y

MmOt
Ssb I O

L) Gf R TTT 00 i)
R R N O N ) Y

— =

O on il Mo Q0 o 0

M Moo M o

I»

M
~J

oy

0013
2
aF

04
slalel}
o=
ey
]

&1

04
ZE
Q22
20
FC
10
GOZ3
0
Q008
B

ki
o)

orm
o

Al

I

> I

L
Y]
[y
T T - 0 1

DD DD

0
|

DI D

£
0l

TPro>UDMOL M I

IR

CRDOLUF

RIMNGF

ADACT

NOZ

MNOTRO

INTERRUFT DRIVEN ROUTINES

RTS
LI
LR
ANDE

LOX
“HPB
BNE
LDOR
ORE
STR
RTS

CMPE
BNE
LDE
DORE
=TR
RTZ

PoHE
LIOX
L.DE
EITE
BE:
LEAS
TS

PULES
TFR
LOx
CMFEB
BNE
TFR
SHIED
FEHS
LnX
TFR
LR
LSLEB
LELE
L=SLE
LSLE

ORE
STH

#EYEBINF
Aa X
#EOF

HFNCETO
#HE TN
LR
#RINGM
As X

Fe X

HOE
AUDACT
#iM
A-X
A. X

B
H#ENCSTO
#ALDIOM
A X

NOS

1.5

B

A- OF
#NCSZ00
X+
NCOTND
x-L

H#NOSCO0D1

E
#EYRBUF
OF.A
A: X

CROL DWN. DISREGARD
EYBINF (OF#)
LeDi: NEW I/F

SET RING MODE FLAG

SET GUEUE MODE FLAG

COFY KYEBINF

FNCST (OP#)

RESTOR

D
=

DISREGARD NIMERIC I/F

FYR I/
OF#

ARE Dz

F‘

TROYD

COFY N

FYRET
OF#
KYBRUF (

LATA EBLFFER

OF#)

L=l NOW MED

ADD NEW DATA

KYBUF (
NOW DI

QP#)
SFLAY LDATA

- Ci6 -



an
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e P!

ok

Cod 0pd el b T Q) D e O ]

—
!

4

N0 oh

» N3 Ty 000

~
(.

o
i

-
Y

LA

o

Cu
[ A S
SN I I £ R

O

LSRN IRD INTERRUFPT DRIVEN ROUTINES

B ok 5 o L SR o e cH S SR pE et S R D S B R SR T R R RN e e e R £ 1 e st o o o o R 2R o
#  DATS STORED IN KEYBUF () IS DISPAYED ON  #
# OFERATOR NUMERIC READOUT. *
#+: B
# —— INPLUT FAaRAM® A — DOPERATOR NO *
* — DUTRUT PARAMT 23 - NONE *
B SR SR o o S S SE SR AR O v B S 2 G S oh o o B o c SR ST B S G S TR B o o S o TR SR o o o o Sl ot

LA SN ]

XDOEF LINEF
elulatst D LINKF LDX HEYBUF
g4 LOE B: X EYELF (A)
2014 Lix # INKO
TETA
RBE& DZPX LINKO
INCA LINKL: A=2
OEFX EITE #EFO MID=07
ENE DISFL
ORE #EFO Mok LEADING ZER(O
DI=kFL STE £ X EYBRUF (AY TO LINEKE (A
RTS

I I

L
i+
e
-—

01

Fo
0z
FoO

s
=i

L]
3}
Cr

DD NI
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nEE 019 MO L5A5L IRA INTERRUFT DRIVEN ROUTINES

i

a7EE NAM (i8]

077 TTL MAIN PROGRAM ROUTINED

Q7?Q b s o S0 ok A B SRR SR R S G e e R EE SR T SN AR R AR o0 ok L o SR E SR S MR R R S S
A771 # MAIN FROGRAM *
0 77 = b o S SH B s SRR S B3 S AN B LR ok cE T T Y S SR EE SRR ORN R PPV ERS ERTTIN R AN T BRYRRE EVERTR PSR R T S o oF
G77E * ROUTINE ACTIVE WHEN CPU IS NOT *
G774 * INTERRUFTED. *
N77E # —— INPLIT FARAM® S NONZ *
7 Th ¥ —— ROUTINES CALLED: WTCHDG. 2F, RINGF: i
0777 # ACEF. CLRF. LAMFF. *
0778 * TETCHNS. CDLUF *
5Yi 7 o B B e o LB p3a S o 3 R SRR SR S SR (S o o o O S SR R R R SR ERE S A S LR SR S o A S N iE i
D780

a7l XDEF MAINF

N7eRF G3LA BE 0001 O MAINFE  LDX HENCSTO

L7EER OIAD LC EF A ANDOCC  HEEF CLEAR IRR MASEK

W7E4F O3&LF 2D ayal 30E BSR WTCHING RESET WTCHDIS

a785F Q3IV1 BA 210D el 1 LI OFRND CFERATOR NO

WTRLP GETSE E4A LS4 A LOR A: X

3787P Q37L& 4 0& A PSHET A-B O-0F#. 1-FNC=T (A)

p-1c3

LDE #0M

EITE 1.2 FNCET (/A)
BED NG

LOA OFRND COF#

LIX #FNCZTO

Log #MNREINGM

S7E9P 0378 & 0=
A7I0OR 0378 ES &1
2A7F1F OI7C 27 OF :
J792F O37E BA ool
3793F 0321 3 Q001
27F4F 0324 4 oF
O7ISF OZ84 ES Sk ANLE . X

J7IEFP QZES E7 =) =TE A X CLEAR RINGM & RINGMI F
3797 + CANNCOT RING WHILE QUEUEING

<
L]
N

-

ol
[E1]

DO D D

ITYER OZEA 17 G4ES 0Z72 LBEZR P

D797

2E0O0OP Q3D T4 20 A N2 Lop #ACHEM

JEOIR 032F ES &l & BITE 1.5 FHNCST (&)

IBOPFR 03¢ 27 D Omey BED NA ACE NOT SELCTD
DE03F G393 BA 0012 ] Loa OFRND OFP#

DEO{F 0O3F94s 17 D247 OSEQ L BER ACEFR

OGS

QEDEF 0397 T4 =0 & N& LOE #RINGM

2BOTE O3IFE ES ~1 A EITE 1.5

a2E02F OZ%D 27 Ok OZAS BE®R NR RING NOT SELCTD
IB0PF O3IFF BA Q01z o LDA OFRNG oOF#

JE10FP 03RZ 17 CZAT Q442 LEBSR RINGF

=il

JRIZF 0FAS CA 4 & NR LDOE #HCLRM

MSLER G3/7 ES &1 4 EITE 1.5 FNCST (A)
24P Q3R 27 5 93CY -5 BEE) NE

JZISF G3AE B4 o012 b LA OPRND OF$#
DatEeP OFAE 17 D27R Q&ZE LB=R CLRP

nE17

DE13P O3Bl G4 {40 8 NC L.DE #_AMFM

oe19P O3IE3 ES &1 A EITE 1.5 FNCST (&)
QEz0R Q3RS 27 Ok O3RD EED NL

DEZ1P 0O3R7 E4 QoO1Z i LA OPRND DF#
Q3Z2ZP O3EA 17 024 0ADE LESR LAMFF

0223

DE24F OZBD &2 & NL LEAS 2.5 G-0F#. RESTOR S
D2ZSF OZBF LDA OFRMNG OF#

QE24LF Q3C2 = 01 fal ECRA #1

OR27F QO3C4 E7 o012 G =TA CERNG OTHER 0OF NXT TIM
Q82eEP Q3ICT7 Z& 10 QI BNE HOMNF

QR29F 03C7 =0 10 O30E B=R WTCHDA FRESET WATCHDOS TIMER
DE830F OZICRE =D 1F QO3EC BER TSTCHEG CHCE CHNG IN STATUS

23t

bt o

A Y |
LEx I 8
Lo
L)
[
&
(]
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;l"l
I»
L
X

AZE 020 MO MAIN PROGRAM ROUTINES
azzP 032D Fé 2002
Q3200 4 co
o302 1 LY

LDk RING
ANDE #ECO CROLO. CRDLL STATUZ ON
CMPR $EO0

L i S )

SR QZ04 27 0= Q30 BEFI GOMNE A HANDZET LIFTED
&F O3D&A 1T olEs 0592 LBSR - CRLUF TURN EBUZZIR OFF
ni2E7
DEZSF QIDY Z0 &F OFLA GOMNF BRA MAINF
O3
S0 B SH SR R EE o 1 CB B Ch o L o R BR R B SR TR PR R R PR SR R N R R S R
a4l AOEF WTCHLDIS
it E:4 = S SRR IR TR SR LR TR ER SR R ST T b DR 30 2H S SR B A SR CEV RS £ S8 NE TN B B ER B L o SRR K SR ai B o h
0a43F 030P O F7 WTCHDNG DA #FEF7

a244F Q30D
n245F G3EC
a844F QO3EX
ae47F Q3ES
oE4aF OJER
aEdPR O3EE

ANDA CRAD

SThA CRAQ SET CAZ/l OF LO
LG #EI2

RA CRAD

STA CRAD SET CRZ/1 OF HI
RTS

o Mmoo

2001
2001

RUC I T T A I~
£y
P00

i mm

- Cc19 -



in

021 MO L3R MO MAIN FROGRAM ROUTINES

I
i)

230 20 S8 S0 TR B Y SE B R SEOBE SE S SEL TR SBY LY S Y S SRY BEY RN CY DR XEN RREE SEVESNUSY MR LR OB B MRS SELE BT R O o ]
* TEST CHANGE *
B o5 5 e a2 0 o o 2B oK SR S S o o 8 o BF S PR B el R SR SR SRR R SE A SRk 2 e
# TESTE FOR CHANGES IN ZIONE TELEFHONE #*
STATUSES: HANDSETS & FAULTS.
DATA BUFFERT USED ARE: COLEBUF & FLASH

LA A

SRR ROR R R RG]

O~y o~ O b ol k)

R

+ *
=+ #:
+ *
# —— INPUT PARAMTE: NONE :
# —-— OTHER FARAM™Z: BLFND *
e BUFALDD *
B d *
E E S
E H
E E

LOBLENRCIRLNL BT Rt B R R

' Laged

STRUFG & STELFL
—— ROUTINEZ CALLED: MAKBLUF. FMIE. VALEIT:
SETBRIT. BUZIZR
i e e b ot i e s R o e b s e b e g b e s o e o s b s o R

XDEF TSTCHG

Q3EC B4 OO0E 0O TSTCHGD LDA EUFNG O OR 1
7P Q3IEF 01 A ECRA #$01 INVERT BO

* Q3F

O3F4
 OBF7
" QEF9
4F CEFLC

sty —

"+ DEFF

OG1y O ERED ¢ #oTTELUF

O00F ] =TA BUFNO CHANGE BUF ND

Oz QIR0 BE BUFR STATUE BUF O

D031 O LDX #ETEBUFL STATUS BUF

Oo0g o1 BLIFR ZTX BUFADD

73 0474 ESR MAKELIF MAE NEW BLFFER
#* BUFND O STTEUF
: BLIFNG 1: STRLF1

O OO by b (0 00t
S

mmm

17 &l LDA 22
0oLy o LDOX ¥FSTTRUF
LA H Loy #STBUFL  ETBUFY ADDR

S S5 |
* 40T =
© Q404

o
m
L=
)
i+

-~

0000
oM oo

=& A CHE LDE A 8— FPORT N2, BYNOG
Ak & EORE [+
4 0414 ENE &

CHEL OECA
F7 Q400 BSE CHE oo ALL FAULTE
RTS RTN To MAIN FRGM

QA40DA
*G40T
DESER H40FE
LR 0410
0411
0413

EY MM

NG CHANGE IMN FARULTS

RO e T 1 A

k)
]

O—FPRT. I1-CHNGBUF
CHNEBLIF FTR

A— MER THAT IS SET

O— BITND. 1- FPRT. Z— C

ACHNG  PEHS
MORCHG LEAX
LESR
PEHS

QIYOFR 0414
Q1R 0414
ORTZE 0418
OZ93F 0418
874

"
1 Oy 1

m

L.n

mbhn

132 01

I FY T

hao b
M+~ D
e ST

LOE 1.% FRT
LDX ELIFADD
LEAX EsX BUFADD(FPRT)

0410 £
* D41F

+ QAZE 3

n
m
LadR L
Do Y
A
PHD

'+l
L
(%)

wn

QE9YF 0424 AL E4 A Loa s 5 EBEITND
OIF0O0OF 04246 17 FOae 0174 LESR VALEIT A— BING. X- FTR
QYQlFP 0429 28 01 A ECRA #3001 STATUS INVERSION
DF02FP 04ZB 1IF ZB A TFR A.:OF STATUS OF CHANGED EBIT
OY0ZEF Q420 =7 OB Q43A BER NOTNEW NOT CHARNGE TO ACTICE S
O704F 042F C4 01 A LOE #1 O
0905SFP 0431 =4 02 A LDA #2 OFX BRUZIR
OI0DLF 04FTF 34 04 [} FoHE A-B
O907F 0433 17 O3IL10 0742 LRER BUZIZR ENABLE QOFX BUIZR
Q902F G432 32 £2 A LEAS 2% RESTOR 3=
07209
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GEE Q22 MD LTANL MO MAIN PROGRAM ROUTINES:

o7l iR O43A 2E 00&L D NOTNEW LDX #FL=H

ny12F G430 E& &1 A LIk 1-5 FRT

a7lE

o%14F 043F C1 CH & CMFE #11 HANDZET OR FAILLT

o71SP 0441 ZF 05 045s ELE OKSTAT  HANDSET STAT. NOT FALL
ILEF Q44F 1F = i TFR oF.A IN/ACTIV STAT

o717F 0443 4D TSTA *

OPLEF 0444 27 07 Q44F BEL! ONESHT ~ ENAELED ALARM LED CANN
e

DF2Z0F 04432 30 53 A DFETAT LEAX E.X FLSH (FRT)

nyZib G448 EA £E4 A LOoE - BITHD

© 044C 17 FOZZ2 0121 ENBLED LESR SETEIT A=-ONSOFF. B-BITNG. X-D

* D44F Zo SN A ONESHT LEAX 2.8 CHNGRLUF
* 2451 EA E4 fa LDE = BITND
© D4SZT 4F CLRA
F 04548 17 FOZS 0181 LESR SETEIT CLEAR SET MSE IN CHZBEU
© Q4%T7 AL &1 a LA i.5 FRT
- 0459 21 OF fat CMFA #11
C QASE 102F 00DE OSE3 LELE CIFHION CHNiGE IN FHON ZTAT
DYE4F O45F AL 52 A TSTACH TET 2.5 ANY MIORE CHANGES
O73SF 0441 27 Q4 D447 REC NOHCHG
QFSLEF QALZ FZ &1 a L EAS 1.5 O=- PRT. 1- CHEBRUF
DP37P D&LS Z0 AF G414 BRA MORCHE MORE CHANGES
O9Es
O937F Q447 AL &1 A NOCHS LDOA 1.5 FRT
OF40F 044%F F2 &3 & LEAS 25 FREZTOR S
O941F G448 CE 0019 i LEX #STTBUF
DF42F O44E 102E O0F1 o Loy #STRIOF]
(r4=F 0472 20 ?C G410 BRA CHE1 NEXT FORT
0744
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F70

77 1F
¥TEF
T EF
IFT74AF
F7TSE
MRTERP
377

NIFTER
i

J2FE0F
7SR
IPEZEF
a3

DFELF
IFESR
QPEA

MRET7F

nFze

5474
F 0477

0476

047E
Gas1
0454
0424

0409

4k
o420
O45mF
0471

0453

0456
047

D4%A

lozE

£

FFeqd O3LR

o004
O00L

OOl
OO0n3
03
Q1Y
7E
£4

3
A&
2012

&)
=

A
Fat
~
A

Is o

n

MO

MAIN FROGRAM RCUTINES

shedbt bbb e o b s e ot b b b o b b b o R e e b e b v i o oo b e o

+:

MAKE BUFFER

E S

S o e oo s s st s e b e e e S s e e s b e o e b e b o s b N g o b s o b

+

A

o+
e
B Y
o
2
+:
#+
E
B
3
B e
P
E S
+
E
MAEBUF

AEBXO

ADSTAT

TTATUSES.
IN STATUS IS DEBOUNCELD.

CHANGES
MGKEELUF DOEZD

Tz
&

NGT

SEE

SHIFTING OF BITS.

INFUT PARAM® S:
— GLOBAL PARAM™S:

- QUTPUT PARAM™ZE
— ROUTINES
B3 e S o 3 SR R S R SE T EE T E  dh ct h o oh M T S MR SRR TR RS S S

XDEF
LEZR
Lnx
Loy

Lo
LLOA
BEL
Lot
LEAS
=TU

LDA
LOE
Lol
STE

PEHE
FULS

Lok

NIONE
SETTRUF %
STATUES
TZTCNT
BUFADD
NONE
CALLEL: WTCHIDNS

MAKBLIF
WTCHDG
BUFADD
#ITOCOD

STEUF1L
BUFND
AEXO
#5TTERLF

. 5
#2203

AY DECOD

STTSEL  ADDR.

D

2B XY
B-X.Y [DELAY:

STATUZ

STATUE
MAZEED BY BLINDC).

HARDWARE FALULT IS CORRECTED

MAKES DATA BUFFER GF TELEFHONE

LINES

BY

EZTBLIFL

QTHER BUFFER

MUXND
JTHER BLIFFER
CARD

&

SETLING

READ STATUS

- C22
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MiaX

TIME

+

E
#*
+
B
B
b
b
EY
=+
3}
+:
*
Y
#+

skt REQIURED WHEN SYST



SEE 024 MO TR MO MAIN FROGRAM ROUTINES

fa st SR TR SH BB B PE SR CR 2L SR E3) BB TN R R F S RN Ry C3% TRV ULV VSUNEY RPN NYY LS UL PRTRYS PN PR LSRR S AR S SR I LR L Y
* HARDWARE WIRING CORRECTION ! #
S S 08 SE T8 S TE 2 S SRS TR REI NP SN ARV LEY EY RRNYY SEY ERNTSCLA YV LU RS TEN VIV AT PEY OIN PRS TV IS L KPY ST DY) T Y LRI B

XDEF SAVCED
Co4yn 34 0z A SAVDOD PEHZ fa)
* Q49F 4F CLRA

oSk 0440 2H oz A EITE #2002

A9e9E G4aZ T7 0 02 O&AL BED XX2

LOOGF 04A4 SA 04 A ORA $204

1001

LO0ZF 04AL CS 04 a Xyz EITE  #204

{O0FF o4as 2 T e O4ac BEQ A¥= This routine corrects
{004F O4A68 ZA 10 A ORA BE10 wiring errors on the
1003 backplane.

(OO&F O4AC £S5 02 0 A XXT BITE #3005 3

EOOFPGMAE =7 Og GaBz BEU! XX4_ Corrections of the
100EF GARU 2A4 40 A URA #E40 status data input from
i"t’“}cf',. _ N - 3 the Multiplexer
1010F 0482 C5 1 A XX4 BIlB BE10 Monitor boards are
1011F D4R48 27 Oz D4EBS BE®: Xx & done interchanging
1012F O4B4 2 20 A ORA #e30 bits.

101 F

1014F Q4B Lo 40 a XX& BITE #¢40 It is simpler to cor-
1015P 04BA 27 02 O4BE BEX XX7 rect the error using
1G14F O4BC SA o3 A ORA #E0D software than to
1017 : rewire the entire wire
1015F O4BE CF 5O A XX7 EITE #3250 wrapped back plane.
101%F 04ZG 27 o O4C4 BED Xz1

1020F 0422 SA 0 A ORA #5507

1021

1I022F 0404 C
1023F G404 F
10Z24F 04C8 E
1025
102&6F O4CH 35 oz

1027

21 X211 ANDE

-4 A £21
4 (6554 A FERS
2 A

Al

C O

—

ED ORE

S+

PULS

I

1 OE‘E{ N b be b ot v e e o e sy s s e s e b 2 e e e ot s b e b s s e e b e b ol R b b M g
10379 * ENDY OF CORRECTION RIOUTINE *
1030 F S TRV RTUPYT PN IO PN CITEPTILYEPY RV CEY SRR PON FRPRPY T RYITIN LyF BYSPES PRV R b RV LN o LE SpN BT PR e DR e S R S TR N B
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AGE

1032
103
J0OE4F
103SF
103 A

J057

Mekisiay
1039F
1040F
1041F
14 ZF

IS g
A

ig44apF
1045F
1044
i047F
104=F
1047
1020F
1051LF
1052
1053EF
1254
1055P

1O04F

1O0TT7F

HEANTIS

1059

10&80F
I041F
1042F
1043FF
1044F
1043F
10&4

10467 F
10&8EF
10&%

1070
1G71F
1072F
107=

1074F
1075F
107&F
107 7F
107zF
107%F
10B0R
1O21IF
Jos2e
10ES

i1024fF
1025F
10BAF
10E7F
105EP
1087
1020P
ogip
11092F
1OeE

11094

1095

Q=5

MO

QAT SE
O4CF E4
Q40 BE
an4 El
o4hs 24
o4ns CE
D408 AF
J3A0O0D EBE
Q4EC E7
O2EL 4A
O4ET E4&
OAES F7
D4EG =4
Q4ER =5
G4EL F&
O4EF =
C4FZ E4
G4F4 BE
O4F7 EE
o4F7 Et
G4FB &
04FD CE
OO0 AF
0o02 BE
O90% E7
0507 44
OR02 20
05058 T2
OoOC =Y
OS00 CE
0510 AD
OSiz 27
Q514 LA
0olé 24
0518 BE
OoiR 25
as1D 24
OS1F 20
0521 3
Q523 C4
G529 =
Q527 ZF
0529 C&
Q52 E7
OS2 35
QoZF 2E
0032 20

SR MO
Qa0 P
26 &
QO0d O

L-,: \f:r {—\]
35 OS0h0
Q13% o
Cé& [
eIntaY:! O
24 fa
A& &
2010 4
24 A
B A
ZOiT &
s Tn b= =
S A
alainy:} J K
E4 &
C& &]
10 sle)u]
0137 o
Cé& o
GoOg O
oh A
=25 O42F
Py &
0157 0
Cé& A
oD o5z

A A

17 DO5ZEF
OG04 O
01 A
(31 DO4E0
E4 o505

o4
ayal
Ok
0z
FF
Cé
o4
1000

't b

E7

o
£n
[

WPDDDWD DD

L]
o
$od

LOx
ANDOE
LOX

MAIN PROGRAM ROUTINES

HERLIND Ak ZONE TELEFHONE MAS
AL Aotk ZONE TELEFHIONE MAS
BLFADD wd RESTORE X b

gk ONLY LOOKE AT TELEFHONE EXTENSIONS 1T

ARXZ

sk ONLY LOOKT AT TELEPHONE EXTENZIONS I

I»
t
>
)

OBNCE

ABXE
ABXA&

INITCT

ABX7

AEX1

CMFE
ENE
LI
LR
LDX

=TH
DECA

mwor
-
mm

X

) ¥

mTm
0

; -,
Lok

LIV
ANDE
LDX

LDt
CMFE
BNE
Lo
CLR
LD

STE
DECA

BizE
LEAS
RTx

Lbou
TET
BEG
noeEC
ENE
LDX
BITA
BNE
BRA

FEHE
LDE
CMFA
BLE
LDE
STE
PULS
LDOX
BRA

AU STEBUF1 & STTERUF
DENCR

F#FTETONT

AU

BUFADD

f: X ZTOR IN BUFFR

A-Y DECOD MUXND

STTSEL ADDR. CARD & MUX
A-B:X,Y
A:-B Y

DELAYY SETLING TIME

ZTATUS READ STATUS

#ELIND w4k ZONE TELEFHONE_MAS
A X s ZUNE TELEPHOME MAS
BUFADD #ok RESTORE X sk

-
I

+ 5 OTHER BUFFER
Aald STBUFL & STTBUF
LENCR

#BTSTCONT

AL

BUFADD

A X STOR IN BUFFR

ADZTAT ALL 24

2L
i e

#TSTCONT

Al

INITCT

Al TETCONT (A3
AEX1

BUFADD

#3501

ABX2

ABXE

E

#10

#11

ABX7

#3FF

AU TSTONT (&)

B

#E1000 NONEXISTENT ADDR
ABXA :
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= QDA MO LSAI1 MG MalMN PROGRAM ROUTINES

Rl o b SR e S R R S S T S ) () % SO ST CETPICUPTUSYRYY IPUUT ERV URY L PR SRFEINERY POT BRI PLL L) BT SEY SRR ER EP Y

# GUEUE FHONE *

sbibrdods bbb b R o b b e b s e b b b e e e b b b R R b

* CHECKES WHETHER ZONE TELEFHONE HANDSET
IS LIFTED OR NOT.

IF HANDZET IS LIFTED: ADDS TEL TO
CUIELE IF NOT IN DUEUE.

IF HANDZET IS DIOWN: DELETES TEL FROM
GUELE IF IN GHIEUE,

Py

P e P el il e ped e et s ek R e

T T i Vi TV Py P

w0

— INPUT PaRaM™5: DF~ CHANGED BIT STAT
— SLORBAL FPARAMTS: FRITND
-~ ROUTINES CALLED
FHECCOO, BINDEC. CHELR.
DELFZ. ADDD
sherbre bt ok R o s bk b b b s b o e e d

—
O

T

I s ] Bt owes 0 0

[y
o
I

BEE R P L E X R K

*

XDEF FPHON
CIPHON  PSHE oF CHANGED BIT STATUS
- LDE 2,5 FRT: EYND
41 LOA 1.5 BINC
020 O740 LESR FHEC DD
FOS7 G197 LEZR BINDEC

o

(]

nenonenon on

AR
-l

i)
AL
[]

—
[

m

r

[ 1y

]
DD

b

[ S S Y o o T S TR WY

LN

A B e 2 B
v T
[1s]

A

e O

oo e B0 ¢ S N
s,

Y

P
[y
=
-
-
i

[

[1120F ©5 = 01 A ALDA #1 15T COUNT=1

1121F 0542
1125F 0543
{123F 0545
1124F 0S47
1125

$1ZAF 0534
1127F 0540
11Z5F OS4E
1129F 0SS0

1130F 0552

1131

DAA

FEHT A BCD PHONO
TFR A-B

LESR CHE

!
pa
~

|

oz

[ Y
|
L]
kY < b
ix

m

3

M
nI» D

& a LIE 1:& CHANGED EIT STATUS
: A BED DELFR
(& CMFA #EFF

™
.

ENE ENDIEOF ALREADY IN
LEZR AnTn

st

A

250 0

L ..|ﬁ"~
L 'Tln_ Ci
30T

e B30 EY M

1132F 0535 =2 &2 A ENDRF  LEAZ 225 RESTOR =
TIEEF G357 14 FFOS Q45F LERA TSTACH T=T FOT MOR CHGES

i
-

14
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1}?7
¥ OTE
YO
Ji 100
ji101
1102
1103
1104
1105
1104
1167
1o
1109
111
i11d
1112
1113
1114
111SF
111&F
1117F

-
(R,
[
0
m

111Z0F
if{21F
i112=F
i11235F
111z4F
H1Zs

1124
1L E7F
] 1zER
IL1Z229F
IH1Z0FP
11131

HHiZZF
IH133F
i

]

o
) i
da iy

40 G

0540 =

0542

P ben e
OS43 3

0545
0547

OS4A

Qnas 27
o4
OS50 T4

o552

' oot

i
OS57

~

0 I

0

T
o}

)

&2
&1

D203
Fio=7

01

o
=7

D2ZAR

£
B i T e

£n

A T 0
(]

i
t

FFOS

MO MAIN FROGRAM ROUTINES

B T L T o T T T T CES CRUMA R ESY FES TP VOV CJS ERT PP S PRNERE A0 S 0 3 LR AR H 2 2
* RUELE PHONE *
bbb bR R R R b bk e R s b b AR s
* CHECHKS WHETHER ZONE TELEPHONE HANDSET
: I LIFTED OR NOT.

*

IF HANDEZET IS LIFTED: abps TEL TO
GHELE IF NOT IN QUEUE.

IF HANDISET IS DOWN: DELETES TEL FROM
CLIEUE IF IN QUEUE.

+ — GLOBAL FARAM™S: FREIETNO

+ ~ ROUTINES CALLED :

: FHECOD, BINDEC. CHEGR.
DELFG. aALDa

R T et B e S S D D S R S L 3 R R S D e I P e A o

R A E R EE T E K EH

+
*

+:

#*

+

#*:

# —— INPUT FARAMTIS: DF- CHANSED BIT STAT
+: I,

+

W

#

+

XOEF CIPHON

CFHON PoHES P CHANGED BIT STATUZ
LR 2,5 FRT: BYND
LDOA 1.% BEIND
LEZR FHECOD
LESR BINDEC
ADDA #1 15T COUNT=1
jufatal
PEHE fat BCD PHOND
TFR AR
LBZR CHEE

LOE 1:8 CHANGED EBIT STATUES
BED OELF

CMFEA $EFF

ENE ENDICIF ABLREADY IN @

L BZR anng

RESTOR =
TET FOT MOR CHGEZ

ENDEFP LEAL
LERA

— ta
iy
—}
b
1
I
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“EE DIZ7 Mo STAYl MO MAIN FRIOGRAM ROUTINES

B R e e Rt s T e e B e e R Rt B o e e
# DELETE FROM QUELE *
B L RS B e SR SR B s SR S8 TR R R R ) N TR N AR KR EE oh SE K SE YR SRERRE AR RE e SR A S R
i DELETES TELEFHONE NUMEBER FROM CQUIEUE

: IF IN QUELE & CORRECTS ALL FOINTERE.

Vui__w
L aedi A
o e e
] 0] G ol
S0 s

*

11140 + #

11141 * #

11142 # —— INPUT PARAM S: 4 — FASSED FROM CHED *

11143 # —— FLOBAL FARAMTZ! FRISTNO *

1144 + -~ ROUTINEZ CALLED: DECLG. COLUP, *

11145 b i ok o s et o 28 S o S E R SE T B o s L E TR B EE SR SR S R AP o T o E S R L o i

11144

11147 XLDEF DELFG

1143F Q55A D1 FF A DELFLY CMFA HEFF .

:114%F O3S0 27 F7 8l BER ENDIGF % INACTIVE

1 1S0F OS5E A4 E4 - LOA =t BCDO FHONG

11S1F 05460 17 OZBA 021D LEBSR DELR

1 IE2F QSAF FC 1S I LDD FRETHNG

1 ISEF OSA&E 24 ED 8 harttal ENE ENDGIF Gt TZTILL ACTIVE

11154F 0o&e8 S0 b DSz BIR CRLLIF 2 INACTIV. STOP RINGNG

(1 1SSR 0548 20 E? O5=S BRA ErDICH

1154

11157

4 1 1 5.’3’ A B S o S R R S S e DR TS S R N R R et e o R R LR B R L TR BN SR R O S R AR R S

1157 ' i CHANGE LED ¥

11140 LR SRR R U E S R R R p e R R S e R R O

11141 * CHANGES LED STATUS ON MIMIC *

11142 # —— INFUT FPARAM™S: ALl rFaram™s on stack. *

1114 * S + 0f RTS address *

11144 ¥ 25 ON/OFF *

11145 #* : Base Address of data *
B H *
B *
* #

LT

1144 CF#

1157 —-— CHANGED: &. B X.DF

1148 L D R T S S T B S S B e S e e R
1147 XDEF CHGLED

31170F OS540 AL CHGSLED LDOA PR OF#

11171F OS4E ZE LOX #EITNG

I72F G571 Eé LOE A X EITN (DF#)

IL173F OSFE IR TFR B:DF

11174

I7ER 0575

o o
I oL

[

o]
IO D

o 00

Q00E LOX HEYTNO

SE I
31174 Q5752 EL A & LOE Bia X BYTN (CFH)
I1177F 0578 AE &3 & LIX 3.5 BEASE ADDR
W178F o570 =0 &5 & LEAX B. X BATE ADDR + EYTNG(ORH)

11179
1 IS80F OST7E

TFR OF-E BITHNCO
HI=1P o520 R

A
A LDA epRc ON/QFF
1 LEZR SETRIT

I e
~lo-m
oS
[l O R

NIZEF 0522 FC €15

11is3
11124F GSET
11135

il1i1g4

RTE

4|
0
x]
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LEE Q0E2

11EE

1118

1170

11191

11172

dIYEP OSEA

1 1YEFR 0508

1128 OSSR

141770 O5ED

1 1FEF 0590

3197

1200

1201F 0592

1202F 0995

1203F 0534
© O5PE

1217P
1215F
1t o

ld
1ZZ0F
AE2IF
TR
qonTE
[ B
1225F
1226F
"?‘-.‘_.’F'

'1.-'_.'_1

1 ZEOF
1231

1Z23ZF
12323F
123247
11 ZZ5P
11234

11237F
1232F
s1237F
HMZ40P
11241

11282F

1243

' 057A
F 059D
7F OS7F

T OSAG
F QAT D
O5AE
T DDA
' DSAL
* OSAC

QSQE pur

OoAF
O5EZ
DSR4
aohé
OERY
LEEER

OSED

OSEF
SILI

OSC2

S Lty
- OS07

OSCA

o=CC
nECE
oS
nEnx

OShe
Q30

OZ0E

QSoD

Mo

I &
M

RO N ="

[T Y K

SR

B T

Dl 00T 00D ] 4

. DA

e
IO THES:
ot
2013

2012

oz
Q£
Q1A

L7
ot

=

OC1
L

,
o

L S}

Zil

1E

b
i
[y

m
B

(]

D)

S
~]

o T o
(3 )

E4

1
OlZEF
O17E
&2
E4
O0E
S

FO7F

E4
D001
Sk
51

1

mD

LD T

<
n
O~

in
1T~

DO DD O

I

o
g

<3
BT

1

L) i B i o~ In

)
e
n

LD D

MO MAIN FPEOGRAM ROJITINES

st o o o5 ok ob B Sk S BH LE E S S TE T S SRR VR REY PN EISURNCIT PR SRSRIT ERYSTS R TYVORY B OR CRY RP) B L PR ERY SR EAVER R
# CRADLE FROCEDURE #*
R s o 8 B B LR S SR R A SE sE T o B ST T CEY UL PP CRT SIS PPTORY PR REITYS LETESTRS TSN PEY RYCRTEY FE s U TP P voy
# CROL Pz LO HH CRDL DWN HI *
A b e b b e s bR R R e e g F A A R B LR SR e S AR R 2 s s T At ok b 08 o S
XDEF CROLP
CRDOLF  TFE f. DF COPY COF#
LDX #CROLFL CRADLE FLAG
LOE (AT 4 CRADLE (A)Y FLAG
BITE ZROLCR CRADLE IRCG® CNTRLL RES
ENE CROLDW

XOEF CRLUP

CRLUF  LDE CROLER-1 CLR CRDL IRR
CLRE
LDA #2 aF X
FPZHZ A-EB O-CFX, 1-0FF
LE=R BUZZR OFX BLOZIR OFF
LEAS Ze 5
RTZ

XDEF CROLDW
CRDOLIW LOE CROLCR-1 RESET CROL RSV E
LIX H#FHNCETO
FSHS & COFY QFP#: o-0F#
LR A X FNCEST (OF#)
BITE #AUDRNZ  AUDIOM 2R RINGM
BE CLROSF NOT RINGING/ NO AUDIO
CLRE OFF
LIX #FLSH
FSHE E.X O— ON/OFF. 22— ADDR. 3~
BEZR CHGLED S+2r O-0ON/OFF, 2—-FLEZHDP
Lox #OOLEBUF
STX 1.2 NEW FTR
BSR CHELED O—ON/QFF, 2~COLBUF PTR,
LEAS . T RESTOR <

[ )]

LDAa s OF#

CLRE CFF

PLZHE A- B O~ OF#. 1-0FF
LE=R AUDIO DIZCONNELDT ALD
LHESR BUZIR STOF RINGNG
LEAS 2.5 RESTOR %

CLRIOSF LDA = OF#
LOX #EYRBUF
CLR A X CLR EYELUF (OF#)
LBSR LINKP CLEAR DISFLAY (OF#)

LDA S CHF#

LDX HFNCITO

CLR As X CLEAR ALL MOLELS (GF4#)
LEAS 1.5 RESTOR =

RT=

- C27 -~



. ¥ —
N1E4T
124k
21247
11245
"y =
P18
11250
e mE

12T

e
i Lrtam
H2TF
(1254

4
R A b

R
Fa st

Pk 4
FA Al S

F1 255

11259
PE2AOF
1zslF
1 ZA2F
11 2A3F
1264

1 2eERP
HZEAF
1 247F

4
1248

HZETFE
H2TOP
1Z271F
1272
127EF
1Z74F
1275

127EF

1277F
1Z7ER

P R S o | ]
11 279F

1 ZB0F

A B T )
Ll

1282F

=
HZERE

QZEC 2

CoEZ
OERES

O%ES

OSEY
OSED
O5FQ

DDFZ
0SF4
OSFA
OSF2
DEFA

OSFE 20

OSFD 2L

e
OAQD
&G

0L£05

DAOT7 =9

D>

m

DD Do

MO MAIN FROGRAM ROUTINES

R B T G B R R o e o R A SRt o ST TE0 T URTRET FEr Sh i oh P CPY R L B S B S PR S
# ACENOWLEDSE ALARM ROUTINE *
Aecbobidirbobobobab bbb o s b b s e b b s b ook e e o e b o b T b o b e
* ACKNOWLEDZE ALARM ROUTINE. Co
SILENCES AUDIO ALARM % STOFS FLAZHING
FALULT LED & TURNS IT ON FERMANENTLY.

* X % ¥

"
3

E

- INFPUT FARAM?S! A - OFRND @
* - FLOBAL FARAMTSE! FLSH. COLBUF *
# FNZSTO % FNCSTI #
# — ROUTINES CALLED: BUZZR *
o B
S R IR B R S i e  EE At ) (T o TR TR B RS R S o O B ER PR SRR R R

XDEF ACEF
AZKE LOXx BFNCETO
LDE HNACEM
ANDE A X CLEAR ACKM FLAS
ETE As X

LOX BFLEH+1Z
Loy #OOLEBUF+12
LDA #¥1it

XCHNEG  LDE A X © FLEH{A)
ORE A:Y FLSH(A)Y OR COLBUF (&)
=TH A Y NEW COQLELIF (A
CLR © A-X CLEAR FLSH (&)

DECA

BZE YTHNG

LDA #2

CLRE

FoH= &:B O— MIM BUZZR. 1~ OFF
LBSR BRIUIZZIE STOP OPERATOR BUIZIZER
LEAS Z.5 RESTOR £

RTS
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L)
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’

AU IS

RN
mTm

I A

1y
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KT |
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I

T

m

AN CURTE RN B < I SR

RS Y IS R Y B IR O T QS O Y B T (R TY Y R ETRTYCTRN T T I 0 N
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L =
[
13
L Ay
PR
¥ B
B 1«.‘.‘-3.;.
W e g
i

R L

H13ZTF
M EFFOR
HEE1IRP
H3ZZF
HIEZEF

113Z4F

mm

mmToTm

m

D&EOS
OEO8
Qa0
OEOF

NS )

CO&LE

DRI

OLZB
O&8Z2D
OL30
&332
0634

OL34

AT

[y
~4

~d Ay T A

Cf T3 IT I 00

-

i
]
=,

R IA N 0N ]

[ A
L~
e
I

1F Q&3

E4 1
FIOZ4 0355

BF A
OO0l n
ED &
=1 A

A
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[}

FE &
OO0l I
2b a
) A
=B A
FFA&T7 05a0

Mo

MAIN PROGRAM ROUTINES

o oo o o b b oo e e e e e e b e e e e b o e b R R
* LAMF TEST ROUTINE *
bact o o2 o G L SR SR SE T B b (S SRS R S B EVESRTEY U PN ST OIS NPT PR BT CRIRIY UV PR PPS PLY PR EX R RRIRpI RpY e
* ILLIMINATES ALL LED®S QN MIMIC AND ALL #
: SEGMENTS AN THE OFERATOR DISFLAY. >

—— INPUT FARABM°

E

* A — OPRNC
+ ~ SLOBAL FARAMS

o

o

E S

E
E 5
LINKEG & LINEIL *
e
e
+

1 0

FNCSTO & FNCETL
—— ROUTINEZ CALLED: LINKF. LDELAYF.
b S ot o ok SR 5 TR S8 TR SR TE B S R SR A VY RPN N K N1 ST LT ORN ERYEY T CRRRTI YV ST SR PR ROV Py e sprRp e e e

XDEF  LAMFF
FSHS A

LOE #3530
LIX $LINED
TETA

BEQ o
INCA
STE

LAMFF mi=F

{

J

=

NELE ALL SEGMENT=

mD> D
¢

o A X

LOX
BSR

#TSTIME

LDELAYF

OF4#

RESTOR LINE (OF#)

LDA e
LEZR LINKF

LDE
LoX
LOA
ANDE
STE
RTS

#NL AMPM
HENCZTO
2 S
A.‘X
Fis X

btk S 8 S LR o 0 e 0 S e RE e s o o o e S o S S S S S SR A S TR R g S S S S R
* CLEAR FUNCTION FPROCEDURE *
b2t 2R SR K S o B T S S G Sk i o o B o SR e s SR R L i SR ok o L S 2 2 S A S Sk o S ol o S )
# CLEARST OPERATOR DISFLAY AWND ALL FUNCTION
# MODES. *
¥ —— INPUT PARAM'S: A — OPRNO #
# — GLOBAL FARAM™S: FNCSTO & FNCETL *
Aedobsbodotodoboodidod bobhkobepigobobikeciobobdepobibbiokobboR b bR doE

CLRF
HNCLRM
HENCETO
fa X

A X

A, OF
CROLDW

XDEF
LDOE
LIOX
ANDE
5STE
TFR
LERA

CLRF

CLEAR CLRM FLG
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MO MAIN PROGRAM ROUTINES

NAM M1
TTL MAIN FROGRAM ROUTINES
B o 1k o8 S S S S St TR R o e T S e e R SR e 11 o otk s 10 1o o T 2 o o p
is DELAY FROCEDURE USING REAL TIME IRR #
B iR S EE R S iR i E TE S8 S Ch S S R T R T B R T R e RN e N e SR o 5 Bk s
# —— INFUT FPARAM® S NONE *
# — 5EL0BAL FARAM'S: MSEC *
# — ROUTIMNES CALLED: WTCHIG #
b pks 2 o R o SR SH o S SE S St 2 o b oy o BE R SR T R MRS R R R SR S S IF a2 SE 180 SE IE N SE ok o SH S AR iR
XGEF DELAYF
Q04 I BELAYF 2TX MZEC FREZET ICOUNTER
FIrsc O3ZDE WAIT LBZR WTCHDHS RESET WATCHDDG
(BRI I LpoX MZEC READY NEW TIME
Fa QAZC ENE WAIT WAIT MOR
RTZ

-]

]

|
™~

AR I SO Y I S S o A B I I

S
RARNT|

SN

Rl v

LSO I TR TV R Y Y

B A - L N T I Y|

Pl SR

EAS ]

Dl ]

(T T NI
s b bA s bk fd b b bk bk gk bd BA b
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Program Logic

Pseudo Code

Note: This psuedo code is not & programming languace.
It was used to complement the fiow charts.
The pseudoc code is virtuvally eguivalent to
MPL coding.
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Interrupt Procedures.

IRQP: IF real HWme interrugt THEN
DECREMENT (MSEC) tming counter
DECREMENT (IRQCNT) interrupt counter
IF IRQCNT zero THEN
"Equate IRQCNT to LED flash time (FLSHTM)
Invert LED flash status by inverting FLASH-ON in SYSFLG

MIMIC: IF Lamp test flag is set in SYSTAT THEN
Enable all LEDs, Tum on all COLUMNSs,
ELSE
IF FLASH-ON flag is set THEN
Enable four LED columns and flashing
COL=COLBUF(NCOLM) OR FLSH(NCOLM) }
NCOLM=NCOLM-1 }x4

¥ NCOLM = 0 THEN NCOLM = 23
ELSE
Enable four LED cclumns
COL=COLBUF{NCOLM) }
NCOLM=NCOLM-1 } x4
IF NCOLM=0 THEN NCQOLM=23
XROWS: Enahle next Row

ROW=NOT{MASK(NROW))

NROW=NROW-1

IF NROW=0 THEN NROW=5

IF any Operator CRADL flag SET THEN
IF CRADLO THEN Pass parameter O
IF CRADL1 THEN Pass parameter 1
CALL Cradizs Procedire {(CRDLP)

IF any Keyboard flag is set THEN

IF KEYBRDO THEN

Get KYBRD data

Mask data :

Store data in KYEINP(O)
ELSE

Get KYBRD data

Mask data

Store data in KYBINP(0)
CALL Keyboard Procedure (KYBRDP)

RETURN FROM INTERRUPT
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Main Procedires,

MAINP:

DO FOREVER
RESET Watchdog
DO CASE FNCST{OPRNO).
Execute routines as per set flags in Function Status.
RINGP, ACKP, QP, CLRP, LAMPP
RESET Watchdog
INVERT Operator No (OPRNO)
Test for Changes in Extention Telephone Statuses, CALL TSTCHG.

END DO

Operator Cradle Procedure.

CRADLP:

CLRDSP:

KYBRDP:

IF Cradle is up THEN RETURN

Reset Cradle IRQs

IF AUDIO QR RINGMN flags are set THEN
Disahle connection between operatcr and extension
Disahle Operator Audio Alarm
Disakle LED indicating connection

Clezr Operator Reyvboard buffer

Clear Operator disnlay

Ciear FNCST(OPRNO), Operator function status

RETURN
NOTE: If Operator Handsst is up: Status high

If Operator Handset is down: Status is low.

Read Keyboard Input

DO CASE
UNNAMED KEY, LAMP TEST, ACKN, CLEAR, RING, Numerals

Display keyboard entry on readout
Set Mode flag in FNCST, Function Status

RETURN
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Test Extension Telephone Statis Changes.

TSTCHG: Invert Status Buffer No
Ir¥ BUFNO=0 THEN
BUFPADD=STTBUF. Set Database address
ELSE '
BUFAD=STBUFl. Set Database address
CALL MAKBUF. Read all Telephone statuses
DO PORT=24 TO 1
IF STTRUR{PORT) <> STBUFL{PORT) THEN
Find phone Neo of changed status
IF Status change active THEN
Flash appropriate green LED flashing
ELSE
Disable flashing or steady LED
Disahle Operator Audio alarm
I PORT < 11 THEN, ie. Phone Status, not Fault
IF AcHve change THEN
IF PHONO nct in Queue THEN
Add PHONO to Queue

ELSE
IF¥ PHONO in Queue THEN
Delete PHONO from Queue
END DO
RETURN
Lamp Test.
LAMPP: Output $88 to Operator readout

CALL DELAY{TSTIME)

Restore Operator readout

Clear Lamp Test flag in FNCST(OPRNO)
RETURN

Clear Procechure.

CLRP: Clear all flags in FNCST{OPRNO), Function status
Clear Operator readout
RETURN
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Ring Procedire.

RINGP: IF same PHONQ as other Operator THEN RETURN
IF RINGM not set THEN
Set RINGM flag (Ring Mode flag in FNCST{OPRNO))
IF PHCNO invalid THEN RETURN
Flash PHONOs LED
Connect Operator to Extension
Ring Extension
IF Extension telephone handset is lifted THEN
Disakle Ringing
Clear RINGM flag
Flashing LED turned on
RETURN

Acknowledge Procedure.

ACKD: Tum flashing LEDs on permanently
Disable Operator Audio Alarm
RETURN

Queve Procedure

QFP: Clear OM {Queue Mode) flag in FNCST{OPRNO)
Display Phone nuber at top of QUE on Operator readout
GQOTO RINPG with PHONO as parameter

Add Extension Telephone number to Queune.

ADDOQ: IFr QUE » one entry THEN
Add BCD Phone No to end of QUE
Correct all linked list pointers
'ELSE
FIRSTNO=PHONO
RETURN
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Keyboard Procedure.

KYBRDP: BUF=EYEINP(OPRNC). Get appropriate keyboard data

BUF=Unmarked key THEN RETURN

BUF=Lamp Test code THEN set LAMPM flag in FNCTST{OPRNO)
BUF=Ackn code THEN set ACKM flag in FNCST(OPRNO)

Cradie is down THEN RETURN
BUF=Ring code THEN set RINGM in FNCST(OPRNO)
BUF=Queue code then set QM in FNCST(OPRNO)

HMEH HAEH

DO HNO=1 TO ©
IF BUF=NOS(NC) THEN GCTO X
ENDDO
X Shift REYBUF{OPRNO) LSD to MSD
LSD=BUF, New data no the LSD
GOTO LINKP

Operator Readout routine.

LINEP: QOutput KEYBUF(OPRNO)} to Operator readout
RETURN
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CHAIN FILES,

Tbese command files were written to save the user much repeti-
tively keybocard entry during assembly and linking.

The assembly and linking of source code modules is controlled by
A.CF and L.CF respectively. Parameters used during execution of
the chain files are passed on by the calling chain file to both
A.CF and L.CF. Four calling chain files are available and are de-
scribed on page C1.

Page C51 is a screen dump showing the user prompt when an error
occurs during assembly. Execution of the chain file is terminated
by pressing the 'Break' key.

A screen dump of the complete assembly and linking process is
shown on pages C52 to C54. The single line S.CF invokes A.CF. Pa-
rameters are passed from S.CF to A.CF and are dispayed on the
screen by the latter. Run time errors or assembler errors will
terminate execution of the chain file and prompt the user.

If no assembler errors are detected, A.CF calls the linker chain
file L.CF and pass parameters to the it. L.CF links up to four
relocatable object modules and stores the object code in a
specified loadable object file.

A full listing of the command files are given on pages C56 to
C61.

- C50 -



CHAIM SL.OF:Y

T

Gesembles arnd Links the

EMERIBENTY TELEFRHD

gutruts the Listine to the fle:

HAIN A.CFt 1$FUFRE

B FLIXREZETY. F2XIRGS

—
-
—_

NE SZVE
FREL.GL:1

MO

be 30 0 SR LR AR AT SR N ] B S S e SR AR S SR S A S S O
FRezsembler Chain
[ o83 S SRS S T SO X PRV RRY NS 31 138 T3X RAREE D S 38 SR 3 N

T - PRE?
Fi — REZET
£z - IR

- MO
- M1

¥

Ny

T3 00 T e s ) R
|

Listins saved
: igtimes outruat
-~ ! Liztine to term
r ORGTO. lzed for
T FOFFE OS00

LR T

-

i

s FREL RO

ea

smmimr

I

41
—

DELETED
.bi-l DDEE NOT

fr
jt
=~
)
M
b}

JPH {ISHT BY MOTORCOLA 1%

inm fites

+ A

f

ile,

FREL.AL:1

tc Line Frinter.

inal screemn.

absolute file

1 l.PEEL.LX:E
1 hozs NOT EXIST
1

EXIST
o7 FPREL:II-RESET: 1 IEH'I MOsl-MIZIsN=1ZG. L=
ﬁ”Fﬂ“E?EMth )

wEROM I/0 ERROE~-ZTATHZ=3Z AT OZF& 10N

Valll &
JMFP ZAFE
TST. OO0
JME 2704

Oo0n Dz
+:

* — Q:semL’Er

ervort  Fre

+ 0 CTHAIN ABIRTED ZVY BREAE KEY

- -

- I

crestion,

DRIVE 1-PSN O4ZE

dat LRSS St o o2 S0 S SR SR LR TR B0 SR A o L L T AR R SR SRR S L R S R R S o

EREAK. to exit.

I E T TP L PR Y S R S R R R L S R R R

TEM and then

2 FATML Y,

FREL:1.0=FREL:1.,XE
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.
k]
=
=
0
3
m
(=9

les and Linksz the EMERGEMIY TELEFHONE SYSTEM.
Mo Listins s siven.

» FREMOHL FAMMLY

WRESETH,.FZHIRSY
B IR 38 23S SR B TR L S 230 S P LS TR R o
Afrem;Lcl Chain file,
2 B R R R a8 o c2 T3 vR BR S SR PR EE ) M

=
- REZET
- IR
- MO

-
|

L R "T‘ T
I 2000 ™ v o ] B2 v
i

i
i 4
[

Rl b
L Y]
o
5
-

[
R

-

PR

oy

I — ¢ Listine gzaved in file: FPREL.AL:L
L : Listing outrut tg Line eriniter.
5% — 3 Ligting io terminal screern.
OR - 2 RGO, Used for absolute file creatian.
SET FOFF =00
4
Sl PREL.AL:I.PREL.ROII.PREL.LX21
REL .BLr1 DELETED
REL RO DOES NOT EXIC
AEL LXr! [NIES NOT EXIS
43 EL:} E T 1 REI1.MOL .Ml is0O=PREL: 1
ROADE
¥

—f 3 Y.
LU ST t—j [}
~ =4

L4
I I

sl

JME S4&FE
TST. FOO0 QD00 0027
JME 2712
4
S BB T B b 2 2 o o b S i b o S R h o S T g ok B o o ek bt B I S SR el S h o o o i ok
# —=— BREAK if rvou do not want ta Uink: PREL. VECTOR.
+ A s A AT R R TR B ER o 5 1 2R 2T o s s s s 1 s a0 £33 o 1 28 oS 2R TR o ol o 2R T S SV S8 e S o e R
i+
HAIM L. CFr s FXFRELX.FLIZVECTORY , XRYXM . SFLEFO00OY

B S L T S o SRS R R A S e e e et

Linkine chain file.

B 365 o T8 532 o o S5 SRE S SR S R B S50 S RS S R SEE

-~ Do not srecifr File Tyre or Lrive No
-~ Links relocatable obiect files and Locad them into uwzer memary.

—— The ioader file has name of the first tinked RO file.

F = FREL

Fi = VECTCOR

F2 =

F& =

SE o= 8 Start Base addr.

EE = Ernd Base addr.

Sno= Start Data addr.

EIl = & Ernd Data addr. - G52
P = $FO00 ¢ Start Prozam addr.

EFfF = ' End Frogsram addr,

¥R = X 3 (ross Reference Table.
LE = 1 MFL Crosc Reference Library File.
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MAPE

nEL TEMFLIF:C

e .IF:0 DELETED
‘pEL PREL.LOZY

FRE .LO:1 DELETED
F

oS LINKING LOADER REYV O3, 00
rORPYRIGHT BY MOITORDOLA
PTIF=TEME
TRASE=D

- STRE=SFO00G
soioaRb=RFRELT T
Lo CADSVECTOR: L

Iy

1

—— MAFF followins,

NO LINDEFINED SYMBOLES

CMEMORY MAF

TIZE  STR  END COM
001d FFFO FFFR

OO0 QOO0 OO0 OO0
QODG 0000 D000 000
OIF2 0000 O7FF Q00
O2BA FOOD FIB? 000

M m i

CMODULE NAME BSCT DESCT

FREL Q000 0000
VELCTOR Q000 QiFY

DEFINED ZYMBOLS

MODULE NAME: PREL

ACEFR P FSED ADD
BEITND

RO D

VA et

DEL&YF

IRGCHT [ 0oz IR
KYBIIFL GOOR EYER
MAIMNF
MIZEC

FHECOD
REZET
SETEIT
STTELUF
VELBIT

=740 s

MIaMTMmMmE s

MODULE NAME: VECTOR
FIRDY A FFF& IRDY A
RETV A FFFE SWIZV A

MO=#LF

“OBJA=FREL.LID:

O ocLe BUZIZR
CHE D F F7FZ CLRFE

FoFEGE CROLF

FF&3S DELAYR
FLSH o 0osl FMSE

FZ&8 MAkK BLF
nletd NOSCOn

Foog RINGF
Fi1=a1 STEUF]
DOy SYSFLG
F174 VOTCE

's [ R o
L
o rd

N

iy
0
1

o
PECT

FOon
FSEA

i
H

F-
)4

MODTMTMTMODNOMM )T

F7EZ
F742
F&ZE
Fozs
Fisa
F1SE
FiE%
FiFEA
Fa74
FOZZ
Fe72
Fé&a4s
IR
G000
Fozi

FFFe
FFF4

ALDRIC
BYTND
COLBLUF
CRLLIF
DELFO
FRZ2TO
EYERDF
LaMrF
MATSE
DFRND
PIFHON
RINGR
STooon
T=TCHGE
WTCHOG

NMIV
SWIZV

F-
4
L

]

LU B o B o B + B Bt

FarFs
O0O0E
o4y
Favz
FS5A
Ooiol
FzaF
Féaos
FOOO
0012
FS24
F&4s
FOOs
F3IEL
FZLR

FFFL
FFF2

BHINDEC
CHELED
CRDOLDW
DECEIN
OELD

FRSTRO
EYRUF
L INEFR
MIMIC
FHOCOL
RUE

Sa\VCon
STRORE
TSTCNT

RERVD
SWIV

F1%7
Fats
ESAD
F7ac
Felh
Ginils
OO0A
E3T5
Fz17
F76%
QO7%
Fa3D
F72E
0139

FFFO
FFFA
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renm o2 e

LUty
E TR WS,

S L B]

Iz STR END COMN
; FEFO FFFE

OO0 OO0 D000 O0O00
G000 0000 QD00 D000
OE500 o000 Q7FF O000
DZBR FOo0 Foby Qoo

.\
I‘m
—
o
)

THE am I

CHEODULE NAME BSICT DECT PSCT
: FREL OONG Q00D FOog
VECTOR 000D Q1FY FIBA

 DEFINED SYMBOLS

E: FREL

FSED Al
AR RN DI zZR
F7rs CLRF
Foos CROLF
DELAYR
FMZE
IRRDF
EYBX
MAKEBUF
Nosoon
LiF

R INGF
STRUF]
SYSFLIG
VIOICE

CMIZEILE MA
© ACEFR
BITNO
CHER
CROLFL
DELAYF
FLSH
IRDCNT O
EYEIIFEL
MAINF P
MZEC i}
PHECOLD F
REZET F
SETRIT F
STTEROF D
'BILBIT F

F7EZ HIDI0 F FAFA BINDED F F197
F742 BYTNGD I Q00E CHSLED P FSAC
Fa2E COLBUF O 0049 CROLDW P FSAC
F524 CRLIF P FoY2 OECEBIN P F72C
Fig& DELFD P FSSA DELR B F3LD
Fi1&E FMNTETO o001 FRETND o DoisS
Fipy EYBERDF FZAF FEYRBRIUF I 0004/
FiF& LaMFF Faos LINKF F FZEIS
FAT74 MAZE FOo0 MIMIC P FZ17
Foazz OFRNG QCGiz FHOCZOD F F7A=
Fa7z TN FS34 Qe O Do77
Faaz FINGR Fads SAVCOD P F47D
O0Z1 STORCOn FOOR STROBE F F72EB
GO00 TSTICHS FIEC TESTCRT O D139
Fazo WTOHDS FIDhE

[5a Bhn w I 0 4 I e o Mo 4
T
T
]
1

.u
»
o

3 A

-
] T R h
i~ 2 0
v T I o0 e

by
!
ey
':-" v’
&

THTMODTMDOOTW

oo

w0 T s
Ja

"n
.-r]-n-r].:.‘r].

B
mMmm Mo M T T

h e

mIEm

M
[ary
Joa
D

S MDULE NAME: VECTOR
FIROV A FFF& IRGY A FFFZ JMIV A FFFC RZRVYD A FFFO
RZTV & FFFE SWIZV A FFFE SWIZV A FFF2 SHIV A FEFA

P

3

HRGE
E ‘é‘ e O S S S T N R B S R A S B B S T SR S SR o S R S SR S o M T S R R SR
2% —~ Load Object file into-user memory.
@H‘: b SEE NS S IR T e T o AR LT SRS R ok S 0 SR R L w v o o o3 o SR o o 3 S S S 53
B

(B8 S

. 2. — Fress BREAK if vou do not want te lcad LT file into user memorr.

LOAD PREL.LO:1:U

;** 02 CHAIN ABOIRTED BY BREAK KEY
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Listing of Chain Files.
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oAaGE o0l = JIOF:

J." B3 .

J# fAszembles ard Links the EMERGENCY TELEFHONE SYSTEM,
Ve Mo Listina is given.

F e e e e e e e e e

ri +:

CHAIN ALCF: L PNAPRELNY  FINARESET NG FENKIREN L FENIMON FANKMINK

Frigs 1 S DR
A S

/+ fArsembles and Links the EMERGENCDY TELEPHONE SYSTEM and then
£ outrutz the Listine to the file: FREL.ALIIL

CHAIN A CF 1 FAKPRELNL FINARESET NG F2NK IR FENMMONZL FANKMINY LINKLNK

FAGE o0i LF LOF L

£

/# Pecembles and Links EMERSENCY TELEFHONE SYSTEM source code.

/¥ fnteputs the Listing to the Line Printer.rPaee tength = &4 L ines.
V& G

CHAIN A.CF: 1:F\NPRELAY: FI\XRESET\Y: FAAKIRENZ s FE\LMONK: FANKMINY LPAXKLP\Z
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R SIS SR S L3S LS SN REr Dad vl i i M o ST S, S R R
Rzsembler Chain file.
i 0 SR8 S0 B B R SRS S S B SR S0 S ot 220 2R SR

caved in file: XFX.AL:1

cutrut to lime Pprinter.

to terminal screen.
ilsed for absolute file

I Listins
Liztins
Listinsg
ORI,

LLTY BT

creatior.

2%

DEL XFX.AL:1.

/IFS F4

SIFD LI

RQHMU? b A A BA S -

JELSE

FIFE 55

RASMOY

/ELSE

SIFS LR

RASMO? ZFRt1.%F1%el F

JELZE

RASMOY MF¥e 18P 1%l MF2% 1, WF3ni 1 R4 15 0=MF%s 1

FEKIF

FEIF

FXIF

gIMFP FIN

FRIF

AIFE F3
LI

wEY ROt .¥Ew. LY

P MFZRI L UFEX L MR 4N 1 N=1 20 L=2F X

g ————

MRl AR L L HWF 2R L NP 1 NF 4% 1 0=3F % 1, L=#TN. -F

-y Bl V']
2 _/,F‘,.-;_;’. .

/IFE

1-AF3%s 1sN=S120. L=Fu 1. 0=XFX: 1, X5

HI E:l"'_./- b L=#!:-N* —F
FIFS LR

RASMOT MFXt1.¥Fi1Xe1.%
FELSE
RASMO?
FYIF
/XIF
FXIF
@JMP FIN
FEIF

FIFS F2
JIFS LI
RASMOY ZFX:
FELSE

JIFS =2
RAZMOY XFX: 1. %F1x:
JELSE
FIFZ LP
RASHMOT
/ELSE
RASMOY YVFZi1,%F1%:
SXIF

S XIF

FXIF

&JMF FIN

/XIF

4
RASAH I AT A B A iy I A SCr S DR R CrA sy 4 51

1aMF 1M 1. SF2% 1 N=120- L=FXs 1. Q=0F % 1, X5

1, F2%: 1:0=YFX: 1. L=8#CN, -F

AR 1 HF 1% 1. AF2% 1:P=44:LXS

1‘ IF:-I- p! .I:I_./- .’-'

L 0=RFA 1. XS
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oS s F | ab i b

JIFS Fi
JIFS LI

RASMOY YFXi 1. ¥F1%: 1aN=120. L=0FX: 1. 0=%FX1 1. X5&

FELZE

/IFZ E&

RASMOY LRI L. 4F 1t 1 0=XFXe L, L=#0N. —F

JELSE

FIFS LF

RASMOIT HFXI L AR LN 1 iP=44. LXE

JELZE

RASMOT KRN L MFLlar s 0=4Fu:

J¥IF

SXIF

FXIF

eJMF FIN

FXIF

/IFS LY

ReoMey XFEIsN=120- L=SFXr 1. 0=3FXt 1, X2

JELZE

JIFS =2

RASHY WX 110=sXFor L L=#0MN —F

FELZE

FIFS LF

RASMO? KR 1:1P=64,L1

JELSE

RASMO? XFX1:0=5Fn 1

/XIF

JEIF

JRIF

2LEL FIN

@TZT-.32 ER

eJMF ERROR

ZIFS OR

EXEIN XFX:1

DEL xFx.LX:1

FXIF

2JIMF THEEND

2 Bl ERROR

@

& SR o SH R SR ob O L o s oh S SRR B S RT3 b T S S B AR I S RE L o S T o L
@ ——— fAzsembler error! FPress BREAK to exit.
&, R R SH LR SR S SRR sh o B ok ok o SR R o Sl Sk i 2R 8 o o AR R R R e L o S R o S
LBl THEEND

@4

C;—_‘» 4 B SAT AT S R0 S e S ) SR S T S e S B bt o SR AR S R R S o o R SR T S R L T o o o R e T
@+ ——— BREAK if veou do not want to link: ZXFZ. VECTOR.
1Eh s B SR SE SE AR SE S S Sk o 1 S S e oK SE S sk a5 SH e o b i o o 2R 0 s ok sh ok 8 SR R o o ot E e S
@ '

CHAIN L.CF L s FAEYFYL FINIVECTORNY : XR\MEAN SPALEFOGOONY,
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SESTEI N ) S

ESET.M &

S

Ve

S

'&s

4 — Do nigt zreqgifr
o= Linke

iz
£
/¥
VES >4

The lgader

i

wFx

/% Fl = WF1Y
/% FZ = uFIN

——

s Fx o= YFEXR

/* SE o= XIBY @
i EF = XEEYX !
£ Sho= WEDH :
/* ED = MEDX :
S SF = HLSFY
/¥ EF = XEPL 3
/* XR o= MNXRY i
/* LE = ZLEX :

A
DEL TEMF.IF:O
ODEL XFX.Lo:

LOAT

(I P

ENDE=%ERY
FXIF
/IFS
L= TF\;
JELSE
STRC=0
FXIF

L

FIFC =D
STRDO=2
JELEE
STRO=XZDX
FXIF

/IFS ED
ENDD=XEDY
JELEE
ENDD=%7FF
SEIF

e ,
/IFC SF
STRFEF=$FQOL
JELSE
STRP=XSFX
JXIF

e

/IFE EP
ENLOF=ZEFX
/XIF
LS
LoaD

BT !-.c-
P S

=XFILrl

file has

e
M
L]
—

Bt o AU IS ER AR A AL SR TR S S e R S

Linkins

chain

file.

B R S R e R R e s R e A e A N R e R 2

File Tvre or Drive Mo

reiccatable chiect files

Start Earse addr,
Erd EBase addr.
“tart Dats addr.
End Dats addr.
Ztart Frosam

Crocss
MFL Cr

-~
-

tiame of the first Linked

and load them

addr.

End FPro2ram addr,

FReference Table.
Reference Library

FilLe.

into

tleer

RO fite.

MEMOTT7 .
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F&AEE 02 L
FIFS F1
Loshi=kFl
FXIF
7IFS F2
LogD=nFoHe 1
FXIF

JIFE FZ
LOAN=%F3%e 1
FXIF
JIFS LE
LIE=HFPLTL
FEIF

2+
@:-}-:
MaFF

JIFS XE
Mia=#L &

FXIF
CEJA=%Fx. Lot
EXIT

il

B

l-‘“l

MAFE

- Lgad ihiect

2, = PTE'S BREAK 1

Fa.Larisy

followins.

into uzer

vou de not

b 2 R SR SR 1 o o o S MR R R LE T PR T R SRR S S o K R o
file
SR R A S N i T R S S L S T SRR B S N R SR B S R R O s e

memory .

want to lgad

K]

file

into

tser

memory.,
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Switching Power Supplies.

VERO Monovolt GE&O

- Cé62 -



T

1ddns zamog Suryoy

09XD 3ITOAOCUOH OYAA °*SotT

STROMVERSORGUNGEN

ANWENDUNGSHINWEISE TITIH
L

—————

Stromversorgungen ir dis 19"-Technlk

" %ell Jahren entwickel BICCVERO ELECTRAONICS
' Sromversorgungen filr die 18"-Technik, die sich In viel-

tdlligen Induslrieanwendungen bewlihrl haben.

Ausgereifte Entwicklungen, hochwertlge Bauelemants,
konirollierta Fartigung und uP-gastiilzle Teslveriahren
sichemn eine oplimale Qualitdl und Zuverldssigkelt un-

» sprer Gerite.

Linaar geregelte Nelrtelle

+ Diese Stromversorgungen verwenden einen 50 Hz-
¢ (GO Hz-)Translormalar, demn sich eln Glolchrichter und

&in als Langsragter arbeitonder Transistor anschllofen.
Bel diesam Schalungsprinzip wird sin grofler Tell der
Leistung in Warma ungewandelt, demonisprechend

" llagl der Wirkungsgrad nur zwischen 30 und 50%. Die

eingesselzian Bauteila {Transformator, Kilhkdrpar u.a.}
bewirken, daf} linear garegelle Nelzleile grofer und
schwerer ausfallen als z.8. Schaltnetzieile.

BICC-VERQ Linearregler werden iibarwiagend dort sln-

. gosetzl, wo klelne Leislungen bendligl werden und das

Volumen unberdckslchligt blaiben kann.

e o HER
Linwrragien

-
1
I
e
I
F

v~

Frimir gotaktale Netztelle (Schalinetztalie)

Hlar wird die glaichgerichisla und gasleble Netzspan-
nung durch einen mil hoher Frequenz arbeltenden
Tiansistorschalior aul die Prim&rsele elnes Dbariragers
geschaltel. Diesa Technologle erlaubt den Ensalz von
kiginen Ferrt-Transformaloren fiv die Netztrannung.
Noben der Ethéhung des Wirkungsgrades und einer
wasenllichen Varbesserung des lelstungsvolumens
ergiht slch elna deulliche Gewichiselnsparing.

Die wasantlichan Vorlella van Schaltnatziellan zusam-

mengelait:

® tioher Wirkungagiad = 75%

® Vatumentalstung ca. 100 W/dm?

® Kompakt durch Gewichl- und Vohimenaelnsparung
um den Faktor 6 gegeniiber Linearreglern

N

-
s
&
=
¥
L
u

Schaltnetzielle von BICCVERO sind voll sleckbare
Suiomveisorgungan, speziell fir den Einsalz in Bau-
ruppeniriiger und Kartenmagazinen nach der 18-
orn, DIN 41484, Tell 5. Dia Fiihrungshihe doer Kas-
setia belrdgl 100 mm {233,40 mm bel 8 HE), Dor Steck-
varbindar nach DIN 41 612, Bauform H11 oder H15
besiizt ainan vorellenden Schutzkontakd. VDE 0804 und
die Schuizklasse | nach VIE 0100 wriden arfiilll,
Um olne hohe Zuverléssigkel und Lebensdauer zy er-
relchen, konstrulorie BICC-VERO  elne  spezielle
schwarz-tloxlerts  Prolit-Kassette mil  rockwinigen
Kiihlktrparausschnltl. Zusaimmen mit den grofidchigen
Belitungsfeldern in den Seilanteilen paewidhralslet
diosa Konstrukilon eine optimiarte Wirmeablallung.

Wirkungsvolle Schitz- und Kontrolainrichtungen sor-
gen dariber hinaus it ein HischstmaB an Funktions-
bereltschafl.

Schaltznetzlelle von BICC-VERO sind durchdachile
Endwickiungen von der Elakironik bis zur Mochanik. Fiir
elnen relbungslosen Beldab emplablan wir dam An-
wandar auch dis Anwendungshinwelse fur Schaltnetz-
teile zu beachlen.

- €90 -

Primili-gelakiela Schalinatzteile (SNT) von BICC-VERD
ELECYRONICS sind kompakte, zukunfsorientiarie
Slromvarsorgungen mit hohen Anforderungen an die
Qualildt dor Funktionsbereilschali, Fiir alnen relbungs-
:?ISB" 'l]f;lrleb emplohlen wir die Beachtung folgendar
1inwolse

Sensa-Leillungen

Wenn dia Verbindungsleilungen zwtschen SNT und Ver-

braucher tang sind und iiber diese Leltungen grofe

Slrdma flieflon, empliehit sich der Belrleb mit Sense-

Lellingen, die Spannungsablidlle aul der Zuliihrung

kompoensieran,

Hierbol I8t lolgondas zu baachlan: .

1.1 Zulaitungsldnga und -querachnitt sind so zubemas-
sen, dafl hiichstans 10% der Ausgangsspannung
daran abfallen kann, das badeutet, bel 5 V am Var-
braucher milssen maximat 5,5 V vorm Nelzieil galie-
tert werdan,

1.2 Eln Uherlasten des Nelztells ist nicht zulisslg. Bel
olnem 5 V/10 A-Nelzleil dirfen bel 5,5 V Ausgangs-
spannung und elnern angsnominenan Spannungs-
abfalt von 0,5 V aul den Versmgungsleilungen nur
9,1 A auf Dauer enlnormimen werden.

1.3 Beal slner Unterbrechung der Fuhradeltungen glouert
der elngebaute Ragler das Noelzlel voll aus, was dia
Ausgangsspannung hochlaulen lEM und damb dio
angaschlossena Elektronlk gefidhedet, wenn nichi
gar zersidren wiirde. Dagagen schiitzt dor einge-
haula Uberspannungsschutz (OVP), der das Nelz-
{all abachaitel.

1.4 Die Sensaranschiilsse milesen imwner direkd oder
Gber Flilrarleitungen mil den Ausgangsklommen
entsprachender Polarlliit verbunden bleiben und
diirten et durch Schaller 0. 4, abgsirenni werdan.
Soll aine Lasi dirch elnen Schaller abschaltbar sein,
muft dies hinter den Verbindungen der Filbler-
leilungen mit den Ausgangsidemmen gaschehen.

1.5 Durch die picht unarheblichen induktivitidton, bason-

, ders bei lingeren Zuleitungen zum Verbraucher,
kann es bal Lastspringen zi unliehsamen Spikes
kommen. Diese kénnen mit elnem Elekirolylkon-
densator (ca. 1000 uf) dirakt am Varbtaucher abge-
blocki werden,

1.8 Kompakinolztelia von BICC-VEROD diirfen paraliel
geschallal werdan. Bal gleichzeltipgpm Sensor-
batrleb Ist dia Parallelschallung erst nach dam Ver-
bindungspunkl dar Sonsorlollungen mit den Aus-
gangsleilungan  durchzufilven, da sonst ver-
maschie Systoma enlslehen und sich die Regler
gegensaitig baeinflussen. Vor dar Paralielschaltung
sind die Ausgangsspannungen dar einzelnen Netz-
folle aul glelcha Weite elnzustallen.

{Oberspannungsschutz iDVPr

Dar OVP schiilzl dle angeschiossene Elektronlk vor
Ubserspannungen, dle infolge Intemer odor exlerner
Fehifunklion aultraten kinnan. Je nach Modsell wirki der
OVP win folgl:

PK 25, PK 55

Mit einér Brilcke zwischen PIN 2 und PIN 4 (H 11) Ist dar
QVP akliv. Uherschreltet die Ausgangsspannung elnen

Werl von ca. 8.3 V, schallel etn Thyrislor dle Ausglings
hurz. Wiedaeranlauw! durch Netztrenniing odor Unter-
brechung der Verbindung PIN 2 - PIN 14,
PK 50, PK 100, PK 110
Eneicht dia Ausgangsspannung die etnstellbare OVIP-
Schwalig, schailet J:J( Ragler ab, ohne don Ausgang
kurzzuschlleflen. Airomatischor Wiaderailaul nach Ab-
klingen der Uberspannung. Dla Einstellung der OVP
soll hel max. Ausgangssirom erfolgen, um ausgeregalle
Spannungsabfélle an den Zulellungen zu bericksichtl-
gen.
(Oberstromechutz {OCP)
Der QCP schiitzi das SNT und den angeschlossenen
Varbrauchar vor unzildssig hohen Ausgangssirémen.
Nach Authebung des Uborstromas/Kurzschiustiomes
erfolgt automatischer Wiaderantauf.
Schutzleler
Alle SNT von BICC-VERO sind nach Schutzklasse |
ausgelagt. Dla Metall-Kassetle ist mil tem voreilanden
Schutzloiter-Korakt 32 des Slockverbinders galvanisch
verbunden, der vom Anwender an das Schulzleitor-
systam angeschiossen wardon mul.
Solllen die Slcherheilsmalnahmen nach Schitzklassoe |
nichi genulz werden (2.8. Im Laboiboreich) liegt an der
Knssatla, bodingt durch die eingebauten Entstéikan-
dansatoren atne Spannung gegen Erde an. Der damil
ermoglichte Ableilstrom (max. 0,76 mA) Isi Jedoch ge-
méA VDE 0875 zutissig.
Powar-fail-Signal (PFS)
Das PFS Ist ein T1Tl-kompatibles 'open-collector'-
Signal, dns boi Netzausfall von ,Low’ auf high’ schaltat
undd rur rechizelligen Einleilung gasignster Malnahmon
genutzt wardon kann, ehe dig gusgnngsapnnnung u-
sammenbricht.
Thermlsche Baanspruchung
Dla thermische Varlustloistung von SNT st wegoen des
hohen Wirkungsgradas relaliv klain.
Unsora kompakien SNT slnd konstruktiv nach Geslchis-
punkten konziplert wordan, die elne optimale Wiime-
ahfulr armébglichen. Dios wird z. B. durch groBifldchige
Burchiniiche in der Malall-Kassalte und durch ainen
riickseillg angeordnolen Kilhlkbrpor errpicht, der die
Wiirme ersl gar nichl Ins nnere dor Kasselie leital.
Der Anwendar hat sinen groBen Einfiuf} aul dia Lobans-
dauer soines Produktes, wenn er z. B. bel mehioren
wirmapraduzierenden Baugroppen/SNT datir sorgt,
dal ausreichend lrale Luflhonveklion armiipicht wird
und die Betriebslemperaluren der slekdronischen Kom-
ponemen somit minimal gehahien werden.
Parallgl-/Serlen-Schallung
Bai Paraltalbetrich ist daraut zu achten, dall die Aus-
gangsspanmungon so exakl wie miglich aul gleiche
Warte singestollt werden, i eine gleichméBigs Sirom-
aufllpilung In den Garflen zu srmiglichen.
Bei Serienschallung mul damit gerachnel werden, dall
sich die don Ausgleichsspannungan Gbarlaganan NRast-
wolligkellen addieren,
Lantregelung
Zum Messan der im Datanblatit spazifiziarion Wena i
oing Laslinderung von 10%...00% Ausgangssiiom
solite der Einflufl von Dbergangswiderstdnden Iin
Slackerbareich bericksichtigl werden.
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