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SUMMARY

This thesis describes the development of a 5-Tone Zentral
Verband Electrotechische Industrie (ZVEI) Encoder
Analyser. The 5-Teone ZVE! Encoder Analyser is used by the
Radio Section of the Test and Metering Branch, which falls
under the Electricity Department of the Cape Town City

Council.

It asgists the Quality Assurance Technician in determining
whether the 5 tone ZVEI encoder, of the radic under test,
is operating within the manufacturers specifications.
Various manufacturers of radioc eqguipment tender for the
supply of mobile radios fitted with ZVEI +tone encoders.
The Radio Section are now capable of testing all the
various radios and caomparing the anqused ZIVEI
specifications of éach manufacturer' s radic. The results
can be used to assist manmagement in deciding which radio

would be the most suitable for purchasing,.

The development of the 5-Tone ZIVEI Encoder Analyser
involved the design and development of hardware and
software. It was designed to be housed in a compact
enclosure and to interface to a Motorola Communications
System MAnalyser Model R-20@1C. The RF output, from the
radic under test, connects to the RF input o©of the
Communications System Analyser. The demodulated output of
the Communications System Analyser connects to the input

of the 5~Tone ZVEI Encoder Analyser.



The software was designed using PLM-51 high level language
to provide real—-time analysis of various selective—-calls
(selcalls) received fraom the demodulated output of the
Communications System Analyser. Once all 3 tones of the
IVEI selcall have been analysed the software background
task 1is flagged and the analysed results are displayed as
various MODES of display on a 16 character by 4 line dot

matrix display.

The following parameters of the ZVEI selcall are analysed:
i) Frequency Digits.
ii) Frequency for each of the 3 tones.
i1ii1) Tone Duration for each of the 3 tones.
iv} Fregquency Error for the D5 tones.

v) Tone Duration Error for the S tones.

The design and development of the 5-Tone ZIVEI Encoder
Analyser was conducted at the Computer Section of the

Electricity Department, Cape Town City Council.



OPSOMMING

Hierdie skripsie beskryf die ontwerp en ontwikkeling wvan
‘'n 5-8ein Zentral Verband Electrotechische Industrie
(ZIVETL) Enkodeerder Ontleedtaoestel. Die Taoets en Meet
Afdeling van die Flektrisiteits Afdeling van die
Kaapstadse Stadsraad bhet ‘'n 5-Sein IVET Enkodeerder
Ontleedtoestel benodig vir gebruik in hul Radio Afdeling.
Die Kwalititeitsversekeringstegnici moet die toestel
gebruik om te verseker dat die 5 Sein ([[VEI enkodeerders,
van die radios wat getoets word, aan die vervaardiger se

spesifikasies voldoen.

Verskeie radio vervaardigers doen aansoek om mobiele
radios, toegerus met ZIVEI sein enkodeerders, aan die
Kaapstadse Stadsraad te verskaf. Die Radio Afdeling is nou
in staat om die verskillende radio ZVEI spesifikasies te
analiseer en te vergelyk met die wvan verskillende
vervaardigers. Die ontledings ward op bestuursvlak gebruik

om die geskikte radic te keur, wat aangekoop moet word.

Die ontwikkeling van die 3-Sein ZVEI Enkodeerder Ontleed-
toestel het die ontwerp en ontwikkeling van apparatuur
sowel as programmatuur pehels. Die apparatuur is ontwerp
om in ‘n kompakte verpakking te pas, en dien as koppelvlak

na die " Motorogla Communications System Analyser " Model

R-28@1C.
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Die toets-radio se RF uittree—-poort word gekoppel aan die

* Communications System Analyser " se RF  toevoer—-pocort.
Die " Communications System Analyser " se gedemoduleerde
uittree—-poort dien as toevoer vir die 35-5ein ZIVEI

Enkodeserder Ontleed-toestel.

Die programmatuur is met behulp van die PLM-51 hoe vlak

taal geskryf vir intydse ontleding wvan verskillende
selektiewe oproepe ontvang, wvanaf die " Communications
System Analyser " e gedemoduleerde uittree-poort. Na

die ontleding van al S seine van die“ZVEI oproep word die

stadium van program, wat op die agtergrond loop, gemerk en
gestaak. Die ontlede resultate word vertoon as
verskillende MODUSSE op 'n 16 karakter by 4 1lyn punt-

matriks vertoonkonsole.

Die volgende parameters van die ZIVEI selektiewe oproep
word ontleed:
i) Frekwensie Syfers,
ii) Frekwensie van afsonderlike 5 seine.
iii} Sein Lengte van afsonderlike 5 seine.
iv) Fout ianrekwensie van die 35 seine.

v) Fout in Sein Lengte van die 5 seine.

Die 3-Sein IVEI Enkodeerder Ontleed-toestel is ontwikkel
en ontwerp in die Rekenaar Afdeling van die Elektrisiteits

Afdeling van die Kaapstadse Stadsraad.



OBJECTIVES

The objectives of this research was to accomplish the

following:

i) To develop a 5-Tone ZIVEl Encoder Analyser.

ii) To interface the 5~Tane ZIVEI Encoder Analyser to an

existing Communications System Analyser.

111} To analyse a 5—tone ZVEI encoded signal as regards:

¥

X

The

The

The

The

The

decoding of the encoded 5-Tone ZIVEI Signal.
Frequency for each of the five tones.
Frequency Error for each of the five tones.
Tone Duration for each of the five tones.

TJone Duration Error for each of the five

tones.

iv) To apply the PLM-51 Campiler as a development tool.

v) To decide on which Microprocessor would be the most

sujitable.
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1. INTRODUCTION

General

Tane signalling methods and their per formance
reccmmendations have, as with the radio freguency channel
specifications, grown around known device characteristics.
The high cost of intraoducing digital transmission
techniques in the past have resulted in the establishment
of a number of tone signalling systems which were
specified around the performance of known analog circuit

elements, i.e coils and reeds.

Three companies, Motorola, GEC and Phillips, have signed
an Intellectual Property Rights Agreement concerning the
manufacture of tone signalling equipment which complies

with the UK standard{l) for trunked private mobile radio

of which the South African standard(é) forms a part.

The Zentral Verband Electrotechische Industrie (ZVEIL) tone
signalling system is currently being used by the Cape Town
City Council. The characteristics of this tone signalling
system includes the transmission of 5 sequential tones,
each tone having a unigque frequency répresenting a decimal
digit. The duration faor each of the 3 tones is 78 milli-
seconds. This type of system enables selecti?e calling,
which 1is the transmission of a signal train enabling a
predetermined station or a group of stations to be called

exclusively.



1.2 Discussion of Signalling Systems

1.2.1

Selective—Lalling Systems

Sequential tone signalling was implemented to give the
mohile user a selective-call (selcall) facility and an
automatic Form of identification. Selective-calling has
been most usefual to rtremove the burden of continuous
channel monitoring for otherwise cccupied persennel.
Various sequential tone signalling hethods have heen
introduced over the years to perform selective-calling
functions. The specifications for some of these
systems are shown in Table 1.1 and Table 1.2 below.
Sy=tem CCIR DZVEL ZVEX EEA EIA
Freguency range Hz 1124-2110|950-2400 | 10602500 | 1055-211@ | 459—1846F
Frequencies defined j11 11 11 12 11
Freguency separation &’ 1% 1@ &7 450Hz
Tones transmitted
(sequentially) ) . S5 . 5 3 =)
Address capacity 10 10 1@° 10° 10°
Call duration Sms 3I50ms 3I50ms 200ms 165ms
Max calling rate/min|43 122 122 203 286
Frequency stability [F4Hz $1.5% *1.5% 17 iz
Modulation index 787 A 707 SB-207 707

TAELE 1.1 Tone Signalling Systems Specifications(S)

Euro Pyecall [CTCSS DTMF
System Signal (E1A) (EIA) Swedish Tones
Frequency trange Hz (313.3 - [338.5 — {&7.0 — 11242112 697-18633

1153.1 728.1 258.3 .
Frequencies defined [17 43 33 11 8
Freguency separationiB.94 2.894 3.54 I=y4 hUirA
Tones transmitted No limit
(sequentially) 7 2 1 7 2 simul.
Address capacity 7x10" 60 33 12* N/A
Call duration B00ms A Cont. 1.3s Dial tm.
Max calling rate/min}|75 192 N/R 4 <5
Frequency stability {£@.1% t@.35%4 |t@.5% +@.5% +1.87%
Modulation index a7 b Ty = Tir A 10-29% 731007 35%

TAHRE 1.2 Tone Signalling Systems Specifications(D)

1-2




The first of these tone systems was the two tone Pyecall

type based an the Electranic Industries Association(3)

(EIA) geometric progression of frequencies. Two
different tones are selected from a group af 40
frequencies (in some systems 9@ frequencies are
available) and +these are transmitted sequentially.

Frequency separation is 2.8% and thus high ‘3" decoding
circuits are used and tone bursts of more than 288ms are
employed. Reliability of signalling is achieved under
poor propagational conditions. Two tone signalling is

very common for city-wide radic paging.

The five—-tone systems have 11 frequencies to choose from
(128 plus repeat tone). There is a &% to 10% spacing
between ffequencies. Lower "Q° circuits can be used sg
that a trade-off is made between signal to noise
performance and signalling rate with & resulting

relaxation of fregquency stability(5]).

The International Radio Consultative Committee (CCIR)
and (EIA) systems(3) were not intended for encoding by
cammercial mobile and portable equipment, but were
defined for maritime and paging épplications

respectively.

The Electronic Engineering Association (EEA) approach(3)
has an acceptable frequency stability specification and
a short call duration. This makes it suitable as a rapid
tone transmission system.
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Dual Tone Multi-Frequency (DTMF) is compatible with
standard telephone signalling specifications. However,

its performance under the relatively noisy mobile radio

channel (35) is limited by the need to +transmit two

simultaneous tones, each with a8 6dB reduced deviation.
The potential for intermodulation is also a hazard
although its dialling capability is achieved at very low
cost. 1t has no advantage far polling and interrogation

applications.

The ZVEI Choice

Zentral Verband Electrotechische Industrie (ZVEI) chose
a signalling system with wider frequency separation,
thus reducing the stability specification and achieving
a shorter signalling time. Although this is ideal for
maobile to local cantrolled base equipment or mobile to
mobile, the higher freguencies make it unsuitable for

remotely controlled schemes(3).

The repeat tone of 2600Hz is too high for 12,5kHz radio
freguency channelling and conflicts with control tones
used Tor switching and voting purposes. The ease with
which the 5—tone {(decimal digit) ZVEI syétem can be
given an address change and the flexibility which a high
address capacity (10°) provides, makes it a popular

choice.



1.3 pMotivation
A cost sffective method of enhancing the functions of the
Matorola Cammunications System Analyser Model R-2281C was
the prime motivating factor for the need to develop a
S-Tone IVEI Encoder Analyser. The Motorola Communications
System Analyser is used extensively during the QA testiné

of the radio transmitter and receiver stages.

an  inadequacy of this model’'s transmitter—stage testing
was verifying the specifications of the S-Tone ZVEI
Encoder installed in the Radio. This inadequacy 1lead to
the proposal for the design and development of a 5-Tone

ZVEI Encoder Analyser.

The 5 Tone ZVEI Encoder Analyser had to fulfil the
following general specifications:
i) It had to be accurate.
ii) It had to be relatively cheap.
iii} It had to be menu driven and easy to operate.
iv) It had to be portable and compact so as to
blend in with the 0A workstation where it

would be used.

1.4 Design Approach
1.4.1 Choice of Micraprocessor
The Intel B7CS51FA microcontroller was selected as the
most suitable contrelling device far the S5-Tone ZIVEI
Encoder PAnalyser for the following reasons:
i) The B87C31FA is a single chip control-
orientated microcontroller.
ii) Provides a reduction in the averall chip count.

1-5



iii) Being a CMOS device, its nominal current
consumption is typically 15mA @ 12MHz, thus
complementing the requirements for a small,
compact pawer supply.

iv) Hardware and software development tools were
available with the Intel In—-Circuit Emulator
(ICE-5120), to emulate the 8251 family of

microcontrollers.

Peripheral Hardware Selection
The peripheral hardware was researched to enable
effective interfacing to the 87C51FA microcontroller. Of
the range of displays, keyboard encoders, signal
conditioners, tone decoders and buffers available, the
components selected were best suited in terms of:
i} Functionality.
iil) Sophistication.
iii) Cost.
iv) Ease of interfacing.
v} Power requirements.
Need for Emulation
An  In-Circuit Emulator (ICE) consists of hardware and
software tools which are used during the design and

develapment of microprocessor applications.



The features of the ICE-5100 was utilized to assist with
the following:
i) Orderly and efficient debugging of target
system hardware and software.
ii) Improved development time in terms of editing
source code, compiling, linking, producing a
Intel hex file and transferring control tao the

emulator processaor module for testing.

Emulator

A complete working knowledge of the ICE-510@ was
researched to assist with the hardware and software
development for the 5-Tone ZVEI Encoder Analyser. The
serial port of an IBM PC, X7 or AT, is connected to a
Controller Pod which in turn is linked to a Processor
Module via a twisted pair ribbon cable. During emulation
the Target Adaptor of the Processor Module replaces the
microcontroller of the system currently under

development.

5-Tone ZVEI Encoder Analyser
The following approach was used in the final design and
development of the 5-Tone ZVEI Encoder Qnalygér:
i) Suitable hardware was researched and a
schematic diagram was drawn using QORCAD.
ii) & wire—wrap prototype was built.
iii) The software was modularly designed using

various algorithms and flowcharts.
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iv)

'

vi)

The hardware and software was debugged with
the aid of the ICE-5140.

The prototype was interfaced to the Motorola
Communications System Analyser and the ZVEI
specificatigns of various mobile ?adios were
analysed.

A Printed Circuit Board (P.C.B.) was
manufactured and together with keypad and

display, housed in a confined enclosure.



2. 5-TONE ZIVEI ENCODER ANALYSER

2.1 Initial Concepts

2.1.1 The ZVEI Standard Frequencies
Table 2.1 represents a table of the IVEI tone
frequencies, together with +their corresponding 4-bit

binary codes and hexadecimal characters.

ZVEI Tone Freguency (Hz) 03 2 Q1 02 Hexadecimal Character
2404 @ 0 8 @ Ui}
1852 @ B 2 1 1
1160 ® 8 1 @ 2
1272 @ @ 1 1 3
1404 i 1 @ a 4
1532 @ 1 28 1 )
1678 @ 1 1 @ &
1832 @ 1 1 1 7
2000 1 @ B @ 8
2200 i1 8 0 1 9
2502 1 4] 1 ] A
810 1 B 1 1 B

F7a 1 1 e @ C
B84 1 1 8 1 D
260 11 1 @ E
No—Tone 1 1 1 1 F

Table 2.1 ZVEI tone frequencies as 4-bit bimary codes(4)



Referring to Table 2.1 on page 2-1, +Fifteen tone
frequencies are defined for the 5—-Tone ZVEI segquential
tone signalling system. The tone frequency separation is
1@3%. The number 12345 iS represented by a sequential
transmission of tone frequencies 106@ Hz, 1168 Hz,

1270 Hz, 1408 Hz and 1538 Hz by mobile user number 12345,

Hexadecimal character A represents a group call. This is
implemented as a train of transmitted frequencies
representing the numbers A, 2, 3, 4 and 5. This results
in units 7 mobile units B2345 to 92345 being called.
Hexadecimal characters B, U and D represent address
suffix tones. Tone £ is a repeat tone and transmission
of tones representing hexadecimal characters 1, 2, 3, E
and 3 results in an iQEntification code for mobile user

no. 12335.(Refer to ANNEXURE 1)

Preliminary Hardware and Software Research

Prior to any complex software coding, the 5-Tone ZIVEI
signal received from various 2ZIVEI selective-call taone
encoders / decoders was evaluated with the aid of an HP
digital oscillescope. The dynamic characteristics of the
FX5@70A, FX28307Z, FX0O34GZ, FX1902LG and FX2020ZK were

examined. (Refer to ANNEXURE 1)



Tables 2.2 to 2.4 show the differences between some of
the features and dynamic characteristics of the ZVEI ‘

selective-call tone encoders / decoders.

Device FX50706
Type ZVEI Tone Entoder / Decoder
Tone Duration &£3ns (min) Thrs {typ) 7/ms (maw)

Logic Sig. Dutput | Not Available

No. of Pins 32

Oscillator -} Uses Extermal RC Compoents

Tahle 2.2 Features & Dynamic Characteristics of the FXS3788(2)

Device FX2832Z
Type ZVEI Tone Encoder / Decoder
Tone Duration &8ms (min) 72ms {typ) 72ms (max)

Logic Sig. Output | Not Available

No. of Pins 42

Oscillator tises External S5&@kHz Resonator

Table 2.3 Features & Dynamic Characteristics of the FX2030Z2(2)

Device FXeazal { FX1@2A G & FX20207K )
Type ZVEI Tone Decoder
Tone Duration Dependant on Encoder Specifications

Logic Sig. Dutput | Available

No. aof Pins 16 ( 24 : 28 )

Oscillator Uses External 360khz Resonator

Table 2.4 Features & Dynamic Characteristics af the FXPA3GZ{2)
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A thcrohgh investigation and comparison of the dynamic
characteristics and variations between the devices
resulted in the selection of the FX1@2LG and FX2B20ZIK
far the signal front-end stage of the S-Tone ZVEI

-Encoder Analyser.

This selection was made-for the following reasons:

i) The FX5870A consists of a tane encoder and
decoder in a single hybrid package. Hardware
was only required for decoding the 5-Tone ZIVEIX
signal.

ii) The FXZ@30Z is a very expensive 42 pin hybrid
device incorporating a IVEI tone encoder and
decader. The dynamic characteristics of the
tone decoder({?2) are superior to those of the
FX5870A, however, only the FX@83Q3Z decoder
section was of importance for this particular
application.

iii) The FX@BB3QZ consists of the FX102LG and
Fx2023ZK devices. At first the FX@Q3Q3Z
selective—call tone decoder appeared to meet
all the requirements for the front-end stage.
This was indeed so, except that there was no
pin connectian available on this package as a
node faor freqguency measurement, This led %o
the use of the discrete, surface mount,

devices of the FX1@Q2LG and FX28ZB7ZK.



Figure 2.1 on page 2-5 1is a waveform showing all five
tones ot the encoded 5-Tone IVEI selcall. The signal was
received from a test wunit utilizing a FX35870A tone
encoder / decoder. Figure 2.2 on page 2-7 represents the
frequency change between two of the tones included in
the encoded 5-Tone ZVEI selcall as shown in Figure 2.1.
In addition, the waveform shows how the tones were

modulated about a sine wave.

The waveforms obtained revealed the following important
charécteristics:

i) The duration obtained for all 5 tones,
realized after conducting numerous tests,
actually ranged from 374ms to 39@ms in
practice. This 1s outside the typical
specification of 358ms(2).

ii) Table 2.9 an page 2-8 represents the desired
total tone duration for all five tones and the

measured durations received from the FX5878A.
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Test MNo. Desired Tone Duration | Tone Duration Measured
1 ' 35Dm= 3I79ms
2 IDms 385ms
3 350ms 378ms
4 3I5@ms 3B84ms
S 350ms I90ms
& 350ms 389ms
7 350m= 380ms
8 352ms 374ms
9 3I5&ns 374
10 350ms 382ms

Table 2.9 Desired total Tone Duration for all five tones and
measured values received from the FXS@70A.

A decoded repeatable tone duration of typically 78ms for

each of the five tones would be most desirable, however,

the specifications for the_ FX5@7BA encoder allows for

the generation of tones having tone durations ranging

from &3ms to 77ms(2).

Figure 2.3 on page 2-9 shows the data change signals
which are output by the FX20207K when a new IVEI tone
is detected. Data change signals 1 and & are of

significant importance.
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Data chénge signals 1 and & are generated after the
decoder detects a change from “nog-tone" to tone {data
change signal 1) and from tone to "no-tone" (data change
signal &). The “"no—tone" period is the time taken by the
decaoder to "recognise" the presence (Tone 1) or absence
(Tone 35) of a valid ZVEI tone. Only once this condition

has been established is a data change signal generated.

Figure 2.4 on page 2—-11 shows the real-time relationship
between tone frequencies 1 to 3 as cutput by the FX182(6
and the generation of the data change signal for each
change in taone frequency. The data change signal is

generated by the FX2820IK.

The important practical characteristics of this wévefcrm
are:

i) The tone fregquencies measured at the ocutput of
the FX182LG are four times that of the input
frequency. (Refer to APPENDIX I for Waveforms
of Tone Digit Frequencies).

ii) Data change signals 1 to 5 are activated 17ms
to 19ms after each successive change in the
tone freguency. An average "no—tone" period of
25ms was measured at the end of tone 5 before

data change signal 6 was generated.
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2.1.3

A prngrém to test the fundamental ogperating features of
the S-Tone ZVEI Encoder Analyser was campiled,
incorporating software to test the following:
i) A routine to initialize, address and write a
character to the dot-matrix display.
ii) Read a key pressed on the keypad and store its
value into memory.
iii) Measure the tone duration received from a 8031
data change simulator board. See APPENDIX E, F
and G for the flow charts, software listing
and data change signal generated by the 8031

data change signal simulataor board.

Initial Design Philosaphy
Figure 2.5 represents a block diagram of the initial

design philosophy for the 5-Tone ZVEI Encoder Analyser.

Dot-Matrix Display

Input FX18A G Cutput
Signal Signal Signal 87C31FA
(Fin) Conditioner| (4xFin}
Micro—
Controller
Keypad
Interface

Figure 2.5 Block Diagram showing initial design philosophy

2-12



The 1initial design philosophy entailed the use of the
FX102LG as the sole hardware device for signal
conditianing, prior to being interfaced to the 87C51FA
microcontroller. The FX1B2LG strips the noise from and
“"squares” any incoming tone without adjustment. It can
program any ZVEI tone with a signal to noise ratio of

@dB ar better(2).

The functions performed by a FX2020ZIK Tone Decoder were
to be implemented by the control hardware and software
of the microcontroller. The selcail tones, as received
in real—time (see Figure 2.4 on page 2-11), would be
input to the exterpal 1/0 pin of the 87C51FA s

Programmable Counter Array (PCA) port.

The initial design algorithm included:

i) The utilization of the 87C31FA’'s PCA Compare /
Capture Register to compare the respective
input frequencies to frequencies programmed in
the on-board EPROM of the microcontroller.

ii} Software determination of the change in tone
frequency, eliminating the need for a data
change signal 1nput to the microcont?cller.

iii) Software determination of the 4-bit binary

code representing the hexadecimal characters.



Final Design Technigue

The final design technique utilized in the design of the
S5-Tane IZIVEI Encoder Analyser is largely similar to the
initial design algorithm as discussed in 2.1.3 except
that a FXZ202QZK peripheral hardware device was used to
supplement the hardware to provide effective analysis of

the 5~-Tone ZIVEI signal.

The reasons for incorporating this device are as follows:
i) The measurement of a unique frequency proved
effective when utilizing the algorithm in
2.1.5, hpwever, practical implementation

of the software algorithm proved very
difficult where multiple valid fregquencies
were to be measured and analysed.

ii) False data change signals were flagged by the
software implementing the algorithm in 2.1.3.
This was due to slight frequency variations
being interpreted as the next tone in the
selcall sequence. Software filtering,
incorporating frequency change window timers,
proved extremely complex for the range of

freguencies to be analysed.



11i) The FX2828ZIK served to provide a suitable
hardware device to complement the FX182{G's
functionality and simplified the design of
already complex saftware prﬁcedures without
any detriment to the effective analysis of the
S5—Tone ZVEI sequence. The peripheral circuitry
completing the circuit diagram of the 5-Tone
ZVEI Encoder Analyser was sélected for reasons

as discussed in Section 1.4 on page 1-5.



2.2 System Integration

2.2.1

Interface to Communications System Analyser

A subminiature earphone socket 1is located on the rear
of the S;Tone IVEI Encoder Analyser. 0One end of a
screened interface cable is terminated with a
subminiature earphone plug which is inserted intoc the
socket on the 5—Tane ZVE; Encoder Analyser. fhe other
end of the interface cable is terminated with a BNC
connector which gets connected to the "DEMOD OUT" of the

Communications System Analyser.

The RF output of the radio under test is connected to
the "FF IN/CUT" connector of the Communications System
Analyser via a screened test cable. An interface diagram
showing these connections can be found in Figure 2.6 on

page 2-17.

Although suitable RF shielding has been provided in the
5-Tone ZVEIl Encoder Analyser, the unit should naot be
placed too close to the radio under test. For ease of
use and operator comfort, the radio and 5-Tone ZVEI]
Encoder Analyser are best located at a 3@ degree angle,

at opposite ends to the Communications System'ﬁnalyser.
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Communications System Analyser Settings
The Communications System Analyser is set-up to operate
in the "Maonitor Mode". After all interface connections
have been made, as discussed in Section 2.2.1 ( page 2-
16), the Communications System Analyser is set-up as
follows:
i) Power up the Communications Systems Analyser.
ii) Set-up the transmit frequency, via keypad, to
-Monitor FM 144,1508 Mhz ( CCC Forestry
Channel ).
iii) Adjust the step attenuator of the RF Section
to - 4@dB.
iv) Set the Image/Dplx switch to "high”.
v) Set the BW Switch to "MNarrow".
vi) Turn the volume potentiometer to the mid
pasition.
vii) Set BFO potentiometer "aoff/on" to "off".
viii) Set the Display LED to select "Gen / Mon
Mtr".
ix) Adjust the squelch potentiometer to open the

squelch.



x) Set the Function LED to "FM {(mode)".
xi) Set thé Function Switch to select "Pwr Mon".
The radiormay now be keyed and as the Tive sequential
tones are received, the signal level LED flashes

indicating good reception of the 5-Tone ZIVEI signal.

2.3 Theory of Operation

2.3.1

Hardware
Figure 2.7 on page 2-20 represents a block diagram of
the 5-Taone IVEI Encoder Analyser. The complete circuit
diagram can be found in AFPENDIX A page 7-1. As shown in
the block diagram, the 5-Tone IVEI Encoder Analyser
consists of 4 main blocks, namely:
i) B87C51FA Microcontroller.
ii) FX182L6 and FXZ202Q1IK.
iii) Dot Matrix Display.

iv) Kevyboard Encoder.

The core of the 5-Tone IVEI Encoder Analyser is the
87C51iFA microcontroller. In operaticn, the demodulated
signal from the lCDmmunications Systems Analyser is
applied to the signal input of the FX102LG. Figure 2.1
on page 2-6 shows the waveform of a typiéal input

signal.
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The output of the FX182LG has two destinations namely:
1) Logic signal input to the FX2020ZK Tone
Decoder.
ii}) Buffered input signal to the PCA port of the
microcontroller.
The FX2@2QZK, detects an input frequency falling within
any of the fifteen tone channels programmed on chip and
outputs the hexadecimal character in 4-bit binary code.
A data change signal is also generated, indicating
that a new 4-bit binary code has been latched at the
data outputs of the FX2820ZK (Table 2.1 page 2-1i). The
data change signal 1s also used to serve as an
indication for the change in tone freguency. This
indication is imperative for tone duration measﬁrement

{Figure 2.4 page 2-11).

The data change signals strobe the microcontroller which
performs real—-time analysis of the tone duration. The
data change signal is interfaced to the first interrupt

(INT @) of the microcontroller.

The signal from the FX102LG to the microcontroller is
gated to measure the frequency of each tnne‘as it 1is
processed during the real-time analysis of selcalls. The
real-time relationship of tone—-frequency change to

generation of data change signal is shown in Figure 2.4

on page 2-11t.



Once allrthe relevant parameters have been analysed by
the real—-time interrupts, the results are ready for
displaying. An intelligent_display is connected directly
to the 1/0 ports of the microcontroller. The display
contains all the necessary hardware to control the 16—

character by 4-1line daot matrix display.

Having initialized the diéplay, the microcontroller sets
up the Display Data ( DD ) address and then writes the

data to the display (Refer to ANNEXURE 2 on page 17-1).

When a key on the keypad is pressed, its code is encoded
by the keyboard encoder and applied, via buffers, to the
1/0 port pins of the microcontroller. The keyboard
encoder eliminates key roll-over and also provides a
debounced code at the output. This debounced code 1is
indicated by the data available ocutput which is buffered
and interfaced to the second interrupt (INT 1) of the

microcontroller.

If the interrupt has not been masked by the software,
the microcontroller will read the encoded keypad data

and perform the necessary display operations.



Although the uploading of the data has not been a
requirement of this study, hardware for RS5-232 operation
has been provided for any possible software enhancements
incorporating the uploading of data. An on—-board power
supply consisting of a mains transfarmer, bridge
rectifier, regulator and transient voltage suppressor
has been included to supply +5V to the unit. The
complete P.C.B has been screened with a suitably

grounded radio frequency shield.

Software

The control program for the 3-Tone ZVEI Encoder Analyser
is contained in the 8k EPROM on board the 87C51FA. The
EA pin of the microcontroller is connected to Vec,
forcing program execution from internal memory range
@PeBH through 1FFFH. The 87C51FA implements 256 bytes of
on chip data RAM, used to store stack (upper 128 bytes,
B88H to FFH) and variable values. Each of the four ports
of the 87C51FA may be configured, by the software, to be

used as I1/0 ports.

Port 3 may be configured not only as port pins, but may
also sarve the functions of varicus- special
features(3). This is achieved by writing a "1" into the
corresponding bit latch 1in the port Special Function

Register(3).



The control program occupies 35,2k of on-board Program
Memory. This is gulte a large portion of the available
memory sSpace and is mainly due to the many modes of
display operation (Table 2.7 page 2-29).
The main software modules to execute are implemented as:
i) A Background Task.
ii) Real-Time Analysis of the 5-Tone ZIVEI signal.
iii) Timer 8, tone duration timer,.
iv) Timer 1, interrupt to gate frequency.
v) Computaticon of various parameters based on
data analysed during the real-time interrupts.

vi) Displaying of the analysed and computed data.

The program commences by initializing Ports, RAM,
Display, Constants and Special Function Registers
(SFR's). A "DO FOREVER" logp (the main program loop) is
executed. The background task is executed and MODE @
(Tabie 2.7 page 2-2%9) is displayed. The background task
continues to execute until an external interrupt is

received by INT @ (Refer to APPENDIX B and C).



The Tollowing segquence of events occurs after an
interrupt request is received by INT @:
i) The current program status is saved.
ii) The microcontroller vectors to INT @ interrupt
procedure.
iii) The interrupt procedure is executed.
iv) Normal program execution continues on
termination of the interrupt procedure.
The real—-time analysis for each of the fTive tones, by
INT @ interrupt procedure, includes:
i) Software to ensure that a data change signal
has been Tlagged.

Re—initialization of Timer 1 with a S50ms

N
[™H
St

gating period to measure the new tone
freguency.
iii) Disabling Timer @.

iv) Re-initialization of Timer @ to enable
correct measurement of the tonme duration on
the next interrupt.

v) Saving tone duration magnitudes.

vi) Starting tone duration Timer @.

vii) Starting gating period for particular
frequency 1In the sequence (Timer 1).
viii) Running PCA counter to count zero crossings.

ix) Checking for a repeat tone.

x) Saving the tones hexadecimal character.



When the S@ms gating period for each tone frequency
elapses, the fregquency count for that tone is stored. An
interrupt may be serviced at any time during the
background task. This task is not dependent on time as
compared to the real-time INT @, Timer @ and Timer 1.

The interrupts are serviced in the following order of

priority:
i} INT @. v) PCA.
ii) Timer 0. vi) Serial Port.
iii) INT 1t. vii) Timer 2.

iv) Timer 1.
On completion of the real-time analysis for the complete
5-Tone ZVEI sequence, the background task is flagged and
all external interrupts are masked. The sdftware
camputes values for the frequency error and tone

duration error and converts the results to ASCII, ready

for displaving.

2.3.2.1 Keypad

A data available output from the keyboard encoder .
triggers INT 1 of the microcontroller when any key is
activated on the keypad. The interrupt procedure,
INTRPT 1, causes the microcontroller to input one byte

of information. The function of each key is shown in

Table 2.6 on page 2-28.



2.3.2.2 Display
The selection of procedures controlling various modes
of display depends on the hex value stored in the
keyboard buffer. Refreshing and updating of the

display is executed by the selected modes’ procedure.

Once all parameters have been viewed, the display is
cleared and returns to MODE @. On returning to MODE @,
all variables are re—initialized and the 5-Tone ZVEI
Encoder Analyser is ready to analyse further selcalls

(Refer to APPENDIX B, C and D).

2.4 QOperating Instructions
2.4.1 Precautions
| i) Handle the unit with care. Malfunctioniﬁg
would occur if the unit is dropped.

ii} Ensure that the Communications System Analyser
has been properly set—up (Section 2.2.2 on
page 2-18) to prevent damage to the input
stage of the 5—-Tone ZIVEl Encoder Analyser.

Ensure that the unit is located in a safe

[N
8
[N
S

position at the GQA Warkstation (Section 2.2.1
on page 2—-16).
iv) Do not use excessive force when pressing the

keys on the keypad.



2.4.2 5-Tone ZVEI Encoder Analyser

2.4.2.1

2.4.2.2

2.4.2.3

Powering Up
Power is applied to the 3—Tone ZVEl Encoder Analyser
via the illuminated rocker switch located on the rear

panel of the unit.

Keypad Functions

The function of each key is shown in Table 2.6 below.

Key Function
1to S Numbers 1 to 5
A Quit / Abandon Readings
C Next / Previous Options Menu
D Display MIDE Options

Tahle 2.6 5-Tone ZVEI Encoder fnalyser Keypad Functions

Display Format

The measured / calculated parameters are displayed as
a screen of information. Each screen represents a
different mode of operation. There are ? different
screens of information, i.e. MODE @ to MODE 8. Table
2.7 on page 2-29 represents the various modes of
operation. APPENDIX H represents the typicél display .

formats for MODE @ to MODE B.



2.4.2.4

MODE Message / Data Displayed
14| Ready for Analysis

hi Ready to View Results
2 ist Options Menu

3 Znd Options Menu

4 Decoded Digits

o Tone Freguencies

& Tone Freguency Errors
7 : Tone Durations

8 Tone Duration Errors

Table 2.7 S-Tone ZVEI Encoder fnalyser Display Modes

Display MODE Operation

On power—-up, the 5-Tone ZVEI Encoder Analyser displays
the MODE @ message. After the radio’'s transmitter has
been keyed and all 5 tones have been received, the

display will automatically change to MODE 1.

All the parameters analysed by the real-time interrupt
are now ready to be displayed. Selecting the D-key on
the keypad results in the display changing to MODE 2.
MODE 2 represents the first of two aption ﬁenus. In
this mode the display modes for MODE 4 to MODE & are
selectable. By selecting the C-key on the keypad, the
second cption menu, MODE 3, will be displayed. Display

modes 7, 8 and @ are thus selectable.



MODE 2 to MODE 8 may be selected any number of times
without losing the énalysed data. IT the A on the
keypad is " pressed while in MODE 3, the memory
variabies storing the analysed data will be re-
initialized and the display automatically reverts to
MODE @. The 95-Tone IVEI Encoder Analyser will thus be

ready to analyse a further selcall.

The descriptions of the various modes follow:
i) Display MODE @.
MODE @ displays a message indicating that
the unit is ready to analyse a 5-Tone ZIVEI
selcall.

Display MODE 1.

=
9
~—

This mode displays a message tg the
aoperator indicating that a selcall has been
analysed and its parameters are ready for
displaying.

iii) Display MODE 2 and MODE 3.
Display MODE 2 and MODE 3 are two similar
option menus, each enabling controlled
access to further modes of display.

iv) Display MODE 4.
This mode displays the decoded frequency

digits for each of the S5 tones.



v)

vi)

viii)

DPisplay MODE 5.

Selecting MODE 5 enables the frequency for
éach cf the 3—tecnes, measured during the
real—-time interrupt, to be displayed.
Display MODE &.

Displays the frequency errar for each of
the S5—tones. The error is calculated by the
software as a percentage 5f the frequency
measured by the real-time interrupt aver
the standard frequency for the particular
tone digit.

Display MODE 7.

Displays the tone duration for each of the
S—tones as measured by the real-time
interrupt.

Display MODE 8.

Displays the tone duration error for each
of the S5—-tones. The error is calculated as
a percentage of the tone duration over the

standard tone duration (70ms for each tone),



2.9 Maintenance

2.3.1 Calibration
The only routine maintenance required on the 5—-Tone
ZVEIl Encoder Analyser 1is the verification aof the
23,333kHz output freguency ot the FX102LG.
TP1 ( APPENDIX A page 7-1 )} represents the test point
to measure this freguency. C7, the trimming capacitor,

is adjusted to preset the freguency.

The calipration procedure Ffor the 23,333kHz output
freguency is as follows:
i) Switch the 5-Tone IVEI Encoder Analyser off.
ii) The 3-Tone ZIVEIl Encoder Analyser housing is
made up of a top and a bottom half. The
keypad and display are both attached to the
top half and both connect, via ribbon cable,
ontao separate plugs of the P.C.E,.mcunted on
the bottom half of the housing.
iii) Open the 5-Tone ZIVEI Encoder Analyser by
carefully lifting the top half, which clips
aoff, and unplug the connectors for the keypad

and display.



iv) TPl and the tuning capacitor, C7, are both
accessible through two small haoles in the
radio frequency shield.

v) Connect.a frequency counter to TP1. Switch an
the 5—-Tone ZIVEI Encoder Analyser and adjust
C7 with a suitable tuning toal until a
frequency of 23,333kHz is obtained on the
frequency counter.

vi) Disconnect the freguency counter and switch
off the 5—Taone ZVEl Encoder Analyser.

vii) Plug the connectors for the keypad and
display into their respective saockets and fit
the top cover of the housing intc place.
Press firmly to secure the retaining Clips.

viii) Thereaftter follow the QOperating Instructions

as discussed in Section 2.4 ( page 2-27 ).

5—-Tone ZIVEI Encoder Analyser Specifications
System Components : S-Tone IVEI Encoder Analyser,

220V™ to 258v™,

Supply Voltage

@ to 55 Degrees Celsius.

Operating Temperature
32 to 131 Degrees Fahrenheit.

Ta BO percent without

Relative Humidity

condensation.



Dimensions

Mass

Worst Case Frequency Error :

Tone Duration Accuracy

Software features provides

real-time Analysis of

Computed Parameters

5-Tane ZIVE! Encoder Analyser

length 188mm.
width 118mm.
max. height 98mm.

min. height 4&mm,.

482 grams.

2,2 % for 1@6BHz to 2600Hz.

*3Ims, 4 % for 70ms tones and

ii)

11i)

186@Hz to 2600H=z.

i} Decoded 5-Tone ZVEIL

freguency digits.
Frequency for each of
the 5 IVEI tones.

Tone Duration for each
of the 5 ZVELl tones.
Frequency error for each
of the 3 ZIVEI tones.
Tone Duration Error for

each of the 5 ZVEIl tones,



3.1

3.1.1

3.

RESULTS

Functional Tests Using HP Multifunction Synthesizer

Table of Test Results

Table 3.1 represents a set

S—-tone IVEI sequence received from

of practical results for a

an HP Multifunction

Synthesizer as analysed by the 5-Tone IVEI Encoder
Analyser.

1 2 3 4 =

Tone Seguence Analysed @ 1060Hz 1160Hz 12704z 1400Hz  1530Hz

Test No. Freguency Error (%) Tane Duration Error (%)

1 -2,4 +2,4 @@,0 +2,7 -8,9 +3 -4 +4 -4 -3

2 e, @, @, +9,7 -8,3 +3 4 +4 -4 -1

3 0,0 +a,4 +3,3 +2,3 -2,3 +4 -4 +4 -4 -1

4 2,2 02,8 v, +B,7 0,0 +4 -4 +4 -4 -1

5 2,06 +#3,4 +#@,3 +B,3 0,0 +4 -3 +3 -4 -1

6 2, +#@,4 +2,3 +1,0 -2,2 +1 3 +4 -4 -3

7 2,6 +3,4 +2,3 +9,3 0,9 +35 -1 +3 -4 -1

8 0, @2, @, +2,7 -2,0 + -1 +4 -4 3

? 2,2 +2,4 +,3 2,7 -0,3 +4 -4 +4 -4 -1

12 b, 0,06 B,8 +0,7 2,2 +1 -4 +4 -4 -1

11 -2,4 @, +8,3 +i,8 2,8 +3 4 +4 -4 -4

12 g,8 @,0 +3,3 +H2,7 6,0 +4 -4 +4 -4 -1

13 e, 8,8 0,06 +1,86 -8,7 +3 -4 +4 -4 -1

Table 3.1 Test results of Multifunction Synthesizer as analysed by
the S—Tone ZVEI Encoder Analyser. Modes 4, & and 8 shown.




3.1.2

Interpretation of Test Results

Table 3.1 on page 3-1 represents a portion of the many
functional tests performed on the 5-Taone ZVEI. Encoder
Analyser. For each of the tests, the following results
were obtalned:

i} The 5-Tone ZVEI Encoder éAnalyser performed
successful tone decoding for each of the tests
conducted;

ii}) The frequency and hence freguency error for
tones 1 ta 4 were very accurately measured /
computed when compared to the frequency
cpecifications. Tone S5 yielded a most
interesting result. The frequency deviation
fram the standard frequercy and, hence,
frequency error was, sometimes, slightly
greater when compared to the other tones.

The tone duration error for each of the 5-

[
[
[n
e

tones was found to be within the
specifications.

iv}) The tone duration error and frequency error
computation algorithm proved to function
accurately for each of the many testsr

conducted on the 5-Tone ZVEI Encoder fAnalyser.



Mabile Radioc ZVEI Test Results

The results obtained by the 5-Tone ZVEI Encoder Analyser,
having analysed the 5-Tone IVEI signals from a Midlang
radio Model 78-14480 and a Motarola SYNTRX radig, are shown
in Table 3.2 and Table 3.3 respectively. The results are

discussed on pages 3—4 and 3-5.

Tone Segquence Analysed : 24gBHz 12§BH2 1@2@Hz 15§EH2 ZEg@Hz
Test No. Frequency Error (%) Tone Duration Error (%)
1 -2, @,0 8,5 -0,9 0,0 -5  +4 41 B +3
2 2,2 ,2 0,2 +2,3 0,3 —4 @ +3 8 +3
3 g,e 0,0 9 0,6 -9,3 +3 +1 +1 #1145
4 -2,4 8,6 8,5 0,0 8,3 -4  +1 @ +1 +3
5 e, o, 0,9 +02,3 0,0 -4 +1 +1 41 @
& e, 9,86 ,06 2,3 18,0 -6 +1 +3 @ +4
7 -1,6 +2,4 0,8 +0,3 -8,3 & 4+l 41 41 41
8 -2, e,2 1,2 -0, 2,0 -7 43 41 +1 +1
? -1,6 +@,4 8,2 +2,6 4,3 -7 +1 +1 1 2
1@ +#3,2 8,0 @, 0,82 0,0 -6 +3 @ +3 | @
11 -1,6 0,0 ©,2 0,0 0,0 -7 +3 +3 +1 +1

Table 3.2 Analysed results of a MIDLAND radioc, Model 70—-144@.
Modes 4, & and B8 shown.



Tone Sequence Analysed : 1@22Hz 112@Hz 1@2@Hz 14gEHz ZégBHz
Test No. Frequency Error (%} Tone Duration Error (%)
1 +#,?7 28,4 9,0 +1,08 92,5 -4 -3 +1 -3 +3
2 2,8 9,4 -2,5 +@,4 -0,7 B -4 +1 -3 +1
3 6,0 -0,4 @, +1,4 -1i,1 @ -5 +1 -3 +1
4 e,0 -@,4 0,0 +2,8 0,0 +#1 -3 41 & 43
5 ¢, @,4 +2,5 +32,4 +2,2 -1 -1 2 -3 +1
& -2, e, -@,5 +2,8 -0,2 + -3 +1 -4 +1
7 g,2 -9,4 -@0,5 +1,7 0,8 -1 4 +1 -3 +1
8 -2, -0,4 -V, +a,7 0,8 2 -4 +1 -4 +1
7 s, @, o, +1,7 -9,7 -4 -4 +4 -4 +1
| e, -2,4 @, +3,2 6,0 2 -4 +3 -6 +1
11 ¢, -v,4 -©,5 +2,5 -1,5 @ -1 +1 -3 +1
Table 3.3 #fAnalysed results of a Motorola SYNTRX radio.

Modes 4, & and 8 showWn.

An explanation of the results aobtained is as follaows:

i) Eleven tests were performed on each of the

iiy}

1ii)

radios.

The frequency digits of the selcalls received

fram each radio were successfully decoded for

geach of the eleven tests performed.

The selcall frequency / frequency-error, for

each aof the =leven tests performed on the

Midland radia canformed to the manufactures’

specifications.
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iv) The first tone-duration / duration-error for
each of the tests performed on the Midland radio
was Tfound to be, generally, greater than that of
the Motcrola radio. This phenomenon is due to a
larger variation in the "no—tone" period (refer
to 2.1.2, page 2-1@) prior to tone 1 being
received.

v) The fregquency / Trequency-—-error for each of the
eleven tests performed on the Motorola radio
vielded a most interesting result. The frequency
errors for the forth tone was generally greater
than the frequency errors for the other tones in
the particular selcall sequence. Although the
frequsncy / frequency-error for the fourth tone
was generally greater, all the tone freguencies
were within the fregquency specifications.

vi) The tone—duration / tone-duration-error for each
of the eleven tests performed on the Motorola
radio conformed to the manufactures’

specifications.



The results wveritfy that differences between analysed
parameters not only exists between various makes of
radiocs, but also within the 5-Tone sequence of the selcall

for the particular radio.

The software algorithms, used to obtain these effective
practical results, shall be wused to assist during the
design of software to upgrade the Front End Processor
(FEP) of the Cleansing and Traffic Departments® Radio

Dispatch Systems.



4. IMPROVEMENTS ON THE S—TONE ZVEI ENCODER ANALYSER

The S5—-Tone ZIVEI Encoder Analyser software could be enhanced to
enable the unit to operate with selcalls received *off the

air".

The software of the 3—Tone 2ZVE1l Enceder Analyser could be re-
structured to enable uploading of selcall results to a Radio
Database aperating on an IBM XT/AT Personal Computer. These
results could then be used Tor further analysis and also for

statistical purposes.

The program could be re—written in Franklin C, whereby a
floating point library, unavailable with PLM-51, could be used

for all arithmetic computations.



5. CONCLUSION

i} A 5—Tone ZVEIl Encoder Analyser was successfully developed.
ii) The 5—-Tone ZVEI Encoder Analyser can be interfaced to the
existing CDmmunicétions System Analyser and the high cost
of a new Communications System Analyser Tacilitating IVEI]
analysis was avoided.
iii) The 5-Tone ZVEI Encoder Analyser fulfils the requirements
far analysing the encoded ZVEI signal.
¥ A display of the 5-Tene ZVEI fregquency digits, tone
frequencies and tone durations is obtained.
¥ The maximum frequency error and tone duration error
obtained was +3,2% and —-7% respectively.
iv) The PLM—Sl.Compiler was successfully applied as a
development tool.

v) The B7C51FA microcontroller was found to be most suitable.
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APPENDIX B

5-TONE ZVEI ENCODER ANALYSER SOFTWARE DESCRIPTION

This section contains a detailed description for each of

the saftware
Analyser.
Line Numbers
Module MName
Procedure

Description

procedures of the 3S-Tone ZIVEI Encoder

577 to 785

ZVEI

Hardware reset (cold-start).

Main DO FOREVER looap. RQM, Is0, display
and SFR’'s are first 1initialized and then
the DO FOREVER loop is entered. This loop
consists of & background task which
executes to display MODE @. The background
task is interrupted by the real-time
interrupts, INT@, timer @ & timer 1 which
analyse the incoming selcall. Once the
complete selcall has been analysed, the
tone duraticn errors and frequency erraors
are computed. At this point in the pregram,

all the results are ready for displaying.

The analysed and computed results are
displayed as various modes of display.
These modes of display include modes for
decoded Frequency Digits, Tone Frequency,
Tone Freguency Errar, Tone Duration and
Tone Duration Error. Once all the results
have hbeen wviewed, the 5-Tone ZIVEIl Encgder
fnalyser returns to MODE @.

8-1



Line Numbers
Module Name

Procedure

Description

24 tog 136

INTRPTO

External interrupt @, performs real-time
analysis of selcalls. |
This interrupt is the core of the 5-Tone
ZVEI Encoder Analyser. 1t is activated by
the data change signal from the FXZB2QZIK
tone decoder. The inter?upt pracedure
ensures that a wvalid data change signal has
been received and then processes the
parameters for the particular tone in the 5
tone sequence. The gating window for the
freguency counter is initialized for each
interrupt and the PCA counter is cleared to

ensure correct caounts.

On the Tirst activation of the interrupt
(tone 1), timer @ is initialized and
enabled. The freguency gating window,
timer 1, and the PCA counter are enabled.
The tone freguency digit is read at the
port pins and stored. Interrupts generated
by tones 2 to O have similar algorithms.
The 1instructions include stopping and re—
initializing of the tone duration timer,
saving the tone duration of the particular

tone, c¢learing the wvariable storing the



Line Numbers
Module Name
Procedure

Description

tone duration, starting the tone duration
timer for the next tone and enabling the
PCA counter. The tone freguency digit is
read at the port _pins and stored. If the
frequency digit is the same as the
previcus, a repeat flag is set. On the &4th
and final interrupt, the duration timer is
stopped, its wvalue is stored and the

variable is cleared.

Once a2l1ll 5 tones have been analysed, a flag

is set to enable the background task to

prepare for the displaying of the results.

148 to 132

TIMER @

Real—-time tone duration timer interrupt.
Timer @ is enabled by the main real-time
interrupt, external interrupt 0. Its
function 1is to set wup a 1 ms interrupt and
increment a duration timer variable every
milli-second. This timer is also disabled

and cleared by INTRPTA.



Line Numbers -

Module Name

Praocedure

Description

{ ine Numbers
Module Name

Procedure

Description

133 to 182

TIMER 1

Real—-time freguency counts for each of the
five freqﬁency digits.

The gating window and PCA counter (CR} are
enabled in the main real—-time interrupt,
external interrupt 8. Once the gating
period (5@ ms) elapses, an interrupt is
generated and the timer 1 interrupt routine
is executed. The timer and counter are both
disabled and the fregquency count for the
particular tone in the 5 tone sequence is
stored for further processing by the

background task.

137 to 147

INTRPT1

Keyboard interrupt, stores key pressed on
the keypad.

This interrupt 1is enabled only when the
analysed results are ready to be displayed.
By pressing a key on the keypad, a data
available signal from the keyboard encoder
triggers external interrupt 1 of the
microcontroller. The port for the keyboard
bits 1is read and stored into a keypad
buffer. This keypad buffer is read during
execution of the main program.

8-4



Line Numbers
Module Name

Procedure

Description

~Line Numbers

Module MName

Procedure

Description

183 to 18%

DISPLAY$SETUP

Power—up initialization of display (also
executed by main program).

The display is initialized according to the
initialization instruction passed via INST.
A 1@ ms delay is incorporated. as a dummy
read of the display busy flag. The display
is enabled and the initializing instruction
is then written to the display. Having
coempleted these oﬁeratinns, the display is

disabled.

198 to 176

DISPLAYSADDR

Lacates address where character is to be
written on the display.

The instruction to enable +the display and
the address where data is to be written on
the display is passed to this procedure. A
10 ms delay is incorporated as a dummy read
of the display busy flag. The display is
enabled and the DD RAM address is

initialized. The display is then disabled.



Line Numbers
Module NMName

Procedure

Description

~Line Numbers

Mocdule Name

FProcedure

Description

197 to 206

DISPLAY$CHAR

Displays a character at a previously
initialized displéy address.

The instruction to enable the display and
the character to display are passed to this
procedure. The display is enabled and the
character is written to the DD RAM. 10 ms
delays have been incorporated as a dummy
read cf the display busy flag. After
writing the data to the display, the

display is disabled.

207 to 238

CALCSTDURSERR

Calculates the Tone Buration Error for each
of the 5 tones.

The tone duration is passed to this
procedure and the resultant tone duration
errar 1s calculated. This procedure is
executed Tor each of the 3 tones. The
procedure 1is called by the main program
immediately after real—-time analysis of the
selcall has been completed. The resultant
error is rounded off and may be zero,
positive cor negative. The error for each of
the 5 tones 1s shawn as a percentage
deviation from the standard tone duration.

8-4



LLine Numbers
Module Name
FProcedure

Description

Line Numbers
Module NMName
Procedure

Description

247 to 233

SELECT$D$KEY$MSG

Initiates the displaying of M™MODE 1.
This procedure ¢lears the display and
calls the procedure, D3KEY which performs
the actual writing of .characters to the
display at different start address

locations.

239 to 244

D$KEY

Writes display MODE 1 to the display.
The display address and arrays final
element, of the characters to display, are
passed ©o the procedure. The array start
address is initialized in the SELECT$DS$KEY
+MSG procedure. A do while loop writes
MODE 1 to the display at the address set
up by the DISPLAY$ADDR procedure until the
array pointer reaches the final element of

the characters to display for MODE 1.



Line Numbers
Module Name
Procedure

Description

Line Numbers
Module Name
FProcedure

Description

262 to 2469

OPTIONSDISPLAY$1

Initiates the displaving af MODE 2.
The display 1s cleared and the start
element of the array for display MODE 2 is
initialized. The address and arrays final
element, of the characters to display, are
passed to OPTIODINSDONATIONSL. This
procedure performs the actual writing of

the characters for MODE 2 to the display.

254 to 261

OPTIONSDONATIONS1

Writes display MODE 2 to the display.
The display address and arrays final
element, of the characters to display, are
passed to the procedure. The display
address is initialized by calling
DISPLAY$ADDR. Once the address is located
on the display, a dao while loop writes
MODE 2 to tﬁe display until the array
pointer reaches the final element of the

characters to display for MODE 2.



Line Numbers
Module Name

Procedure

Description

Line Numbers
Module Name

Procedure

Description

278 ta 298

DECODEDSTONE

Displays the frequency digits for each of
the 3 tones.

This procedure clears the display, writes

the heading Tor MODE 4 and then proceeds

to write the "A-Quit’ message to enable

this particular mode to be exited. The

display address 1s initialized and  the

freguency digits are written to the

display at the relevant addresses.

270 to 277
auUITHMSH
Displays “A-Quit’ message Tfor the various
modes of display.

initialized. The

The display address is

position of the first character, of the
array to display, 1is initialized. A do
while loop writes the characters to the
display, starting at the initialized
address. This continues until the array
pointer reaches the final element of the

characters to display.



Line Numbers
Module Name

Procedure

Description

LLine Numbers
Mocdule Name

Procedure

Description

-

3A7 to 321

FREQ$HEADING

Writes MODE 5 heading, "Tone Freq.(Hz)~
and initiates the displaying of the
frequency numbers for MODE 5.

The display is cleared and-the address
for the heading of MODE 5 is initialized.
A do while loop perfurmé the writing of
the heading for MODE 5. The address,
together with the final element of the
characters to display, is passed to
FREG$DONATION,. This procedure performs the
actual writing of the freguency numbers to

the display.

299 to 384

FREQ+DONATION

This procedure wWrites the frequency
numbers to the display.

The address of the frequency number
together with the final array element, to
write to the display, is passed tao this
procedure. The 1initial array element is
initialized 1in FREQ$HEADING. The address
tg write the characters is located on the
display and a do while loop writes the

frequency numbers for MODES 5 & 6.



8.18

Line Numbers
Module Name

Procedure

Description

Line Numbers
Module Name

Procedure

Description

322 to 334

FREQ+CALC

Calculates the frequency from the number
of gated counts received during the real-
time analysis of the 5-tone sequence.

The gated counts held in the PCA counter
are passed to this procedure. The counts
are computed to produce a frequency. The
resultant fregquencies have to be divided
by 4 as the FX102L G outputs a Trequency 4x
that of the input freguency. The
frequencies are converted to ASCII and

each freguency element, F$DIG1 +to 4, is

stored in a variable, ready for displaying,

335 to 342

DISPLAYSFREQ

Displays frequencies at the correct
location on the display for MODE 5.

The address where each frequency is to be
displayed together with the ASCII elements
comprising the frequency are passed to
this procedure. DISPLAY$ADDR is called to
initialize the display address for the
particular frequency. DISPLAYSCHAR is
called to write each ASCII frequency
element, F$DIG1L to 4, to the display
starting at the initialized address.
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Line Numbers
Module Name

Procedure

Description

Line Numbers
Module MName

Procedure

Description

35@ to 349

FREQ$ERR$HEADING

Writes MODE & heading, ‘Frequency Error’
and initiates the displaying of the
freguency numbers for MODE 6.

The display is cleared and the address
of +the heading for MODE 6 is initialized.
A do while 1loop writes the heading for
MODE &, starting at the initialized
address. The address, together with the
final element of the characters to display
is passed to FREG$DONATION. In addition,
the procedure writes the frequency numbers

to the display at the initialized address.

37@ ta 4195

CAL C$FREQSERR

Calculates the freguency error for each of
the tones in the 5—tone sequence.

The gated freguency counts, measured
during the RT1, are passed to this
procedure together with the ‘decoded
frequency digit. The gated counts held in
the PCA counter are computed ta produce a

freguency.



Line Numbers
Module Name

FProcegure

Description

The standard frequency’'s magnitude is
obtained by using the received frequency
digit and then accessing the frequency
from the standard frequency arfay. The
computed frequency is compared to the
corresponding array fregquency. The
calculated error may be zero, positive or
negative and is calculated to one decimal
place. The error for each of the 35 tones
is shown as a percentage deviation from

the standard ZVEIl frequency.

416 to 424

SHOWSFREQ$ERR

Writes computed parameters for MODE &6 to
the display.

The address where the particular freguency
error 1is to be written, the polarity of
the Tfrequency error and the magnitude of
the fregquency error 1is passed to this
procedure. DISPLAY$ADDR is called to
locate the address on the display and
DISPLAYSCHAR is called to write the
relevant data to the display at the
initialized address. After the frequency
error has been written, the procedure

calles PERC®DISFPLAY ta display the units.



Line Numbers
Module Name

Procedure

Description

Line Numbers
Madule Name
Procedure

Description

ar

343 to 349

PERC$DISPLAY

Writes "%’ character, used in MODES & & B8
to the displavy.

The position of the "4° character within
the arvray, MESSAGE$4, is passed to this
procedure. A do while loop is executed
which calls DISPLAY$SCHAR to write this

single character to the display.

433 to 449

OPTIONSDISPLAYS$2

Initiates the displaying of MODE 3.
The display is cleared and the start
slement of the array for display MODE 3
is initialized. The start address and
arrays final element, of the characters to
display, are passed to OPTIONSDONATIONSZ2

which performs the actual writing of the

characters for MODE 3 to the display.



Line Numbers
Module Name
Procedure

Description

Line Numbers
Moudule Name

Procedure

Description

-

425 to 432

OPTIONS$DONATIONS2

Writes display MODE 3 to tﬁe display.
The display address and arrays final
element, of the characters to display, are
passed to the procedure. The array start
address is initialized by OPTIONSDISPLAYSZ.
The display address 1is - initialized by
calling DISPLAY$ADDR. Once the address is
located on the disp}ay, a do while loop
writes MODE I to the display until the
array pointer reaches the final element of

the characters to display.

4546 to 485

TONESDURATIONS

Controls the displaying of the heading
and analysed parameters for MODE 7.

The display is cleared and TONE$DURAT$MSG
iz initialized with the display address
and the arrays TfTinal element, of the
characters to display. TONE$SDURATEMSG is
called to write the heading for-MDDE 7.
The tcné durations, as analysed for each
of the ftones in the S-tone sequence, are
written +to the display by passing their

values to DISPLAY$CHAR.



Line Numbers
Module Name
Procedure

Description

Line Numbers
Module Name
Procedure

Description

Once the tone duration magnitudes have
been displayed the units, ms, are written
to the display. Finally the ‘A-Quit”

message 1s written to the display.

441 to 448

TONESDURAT$EMSG
Displays the heading for MODE 7.
The display address and arrays final

element, of the characters to display, are
passed to the procedure. The arrays start
address is initialized in TONE$DURATIOGNS.
The display address is initialized and a
do while loop writes the heading for
MODE 7 to the display wuntil the array
painter reaches the final element of the

characters to display.

449 to 4535

ms$DISPLAY

Displays the "ms’ units for display MODE 7
The position of the "ms’ characters within
the array, MESSAGE$4, is passed to this
procedure. A do while loop is entered
which calls DISPLAY3SCHAR to write these

characters to the display.
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Line Numbers
Module Name
Procedure

Descripticn

L L)

486 to 3302

TONE$DURATION$ERR

Writes display MODE 8 to the display.
The display is cleared and the heading for
MODE B is written to the display at the
desired address. The displaying of the
computed tane duration errors, the
polarity of the errors ahd the units are
all processed by this procedure. Once all
the computed parameters have been written
to the display, the "A-Quit’ message is

displayed.
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APPENDIX €

S—-TONE ZVEI ENCODER ANALYSER FLOW CHARTS

This section contains the flow charts for the software
procedures of the 5-Tone ZVEI Encoder Analyser.

Main Program for the control of the 5-Tone ZVEI Encoder
Analyser.

IVEI

initialize ports, timers, variables, flags, constants and sfr's

initialize display

do forever

complete 5 tone
sequence received 7?7

then else
DONE = 1 72
then lse
disable 311 external interrupts
write
convert tone durations to ASCII for displaying MODER
to
calculate tone duration errors displ.

convert tone duration errors to ASCIIE

display MODE 1

DISPLAYERESIL TS=1, enable keyboard interrupt 1,
DISPLAYsOPTIONS1=1, DONE=A

do while DISPLAYSRESE T5=1

see DISPLAY RESLLTS

enable real-time interrupt (EX@=1)
disable keyboard interrupt (EX1=9)




DISPLAY RESULTS

D-key pressed 7
{display MODE 2 7?)
. then else

do while DISPLAYSOPTIONS1=1
DISPLAYSOPTIONSZ2=1
display MODE 2

do while no option for MODE 2 selected

display MODE 2
IF 1 2

display MODE 3
(N — next ?)

then else

do while DISPLAYSOPTIONSZ=1

display MODE 3

do while noc option for MODE 3 sslected
display MODE 3
IF 4 S & 7
IF 1
display freq. digit ?
(MODE 4 ?2)
then else

call DECODEDSTONE

dg while MODE 4 reguired

display MIDE 4

clear keypad variable and exit




IF 2

display tone freguencies 7?2
(MODE 5 7)

then else

display heading for MODE 5

convert gated counts to freg.
for each of the S5 tones

display each of the 5 freg.

do while MODE 5 required

display MODE S

clear keypad variable and exit

IF 3 (marking indicates repeat for f3 to 5)

display freguency errors ?
(MODE & 72)

then

display beading for MODE 6

calculate fregl. frequency error

display freql. error

|
[
)

repeat freg. =

then else

call{CA CHFREQEERROR) using arvay | call(CA CHrREQSERROR)

element for repeat freguency using array element
for freg. digit (Hz)

display freqZ. error

do while MODE & reguired

display MIDE &

clear keypad variable and exit

T3

f4

5




IF 4

display tone durations ?
(MODE 7 72)

then else

display tone durations

do while MODE 7 required

display MODE 7

clear keypad variable and exit

IF S

display tone duration errors 7
(MODE 8 2)

then

else

display tone duraticn errcrs

do while MODE 8 required

display MIDE 8

clear keypad variable and exit




iF &

abandon all readings 7

then

elss

re—initialize flags

re—initialize wvariables

clear display

IF 7

then

P — Previous display required 7

else

clear DISFLAYSOPTIONSZ flag

clear display variable and exit

clear display




?.2 External interrupt 0, performs real-time selcall analysis.

INTRPTQ

disable any further INTRPFT@ interrupts

disable keypad interrupts

data change flagged 7

then else

delay for 1lms

read port, store in TRUESFREQL

delay for ims

read port, store in TRUESFREQ

TRESFREQL = TRUESFREQ 2

then else

increment frequency order

init. timer 1 for S@ms freguency gating pericd

ensure frequency counter CH=CL=0

case digit i 1 2 3 4 = &
crder skip

enable further INTRPTO interrupts (EXG)

enable keypad interrupt (EX1)

return from interrupt

CASE 1

init. timer @ for ims interrupt (ist duration)

enable timer @

enable timer 1 — gating period for freg. 1

enable CR to measure freg. 1

save value of freg. digit 1 in FREGEDIGL




CASE 2

stop timer @

init. timer @ for ims interrupt (Z2nd duration)

save 1st tone duration value

clear tone duration variable (ELAOPSED-A)}

enable timer @

start gating period for freg. 2

enable PCA counter to measure freg. 2

repeat tone received 7

then else

FREG#DIGZ = FREQ$DIGL save freq. digit in FREQEDIG2

repeat freg. 1 in error calc.

CASE 3

stop timer

init. timer @ for ims interrupt (3d duration)

save Znd tone dwration value

clear tome duration variable (BLAPSED=A)

enable timer @

start gating period for freg. 3

enable PCA counter to measure freqg. 3

repeat tone received 72

then else

FREQ$DIGS = FREQ$DIGZ save Treq. digit in FREQsDIGS

repeat freq. 2 in error calc.




CASE 4

stop timer @

init. timer @ for ims interrupt (4th duration)

save 3rd tone duration value

clear tone duration variable (BEAPSED=3)

enable timer @

start gating periocd for freqg. 4

enable PCA counter to measure freqg. 4

repeat tone received 7

then else

FREQSDIGS = FREQ$DIGS save freg. digit in FREG$DIG4A

repeat freq. 3 in error calc.

CASE S

stop timer @

init. timer @ for ims interrupt (5th duration}

save 4th tone duration value

clear tone duration variable (ELAPSED=R)

enable timer @

start gating period for freg. S

enzahle PCA counter to measure freq. 3

repeat tone received 7

then else

FREGEDIGS = FREQEDIGA save freq. digit in FREGSDIGS

repeat freqg. 4 in error calc.




CASE b

stop timer @

save oth tone duration value

clear tone duration variable (ELAPSELFD)

reset frequency na. pointer

reset recelved digit order fTlag

set DONE = 1, to display results

7.3 Real—-time duration timer interrupt.

TIMERG

TF@ cleared on interrupt vectoring

increment tone duration counter

initialize timer reload value

return from interrupt

?.4 Real-time frequency count for each frequency digit.

TIMER 1

stop Capture Register counter

stop timer 1

increment order of received frequency

case @ | skip

case 1 store counter value in 1st freq. variables

case 2 store counter value in Z2nd freqg. variables

case 3 store counter value in 3rd freqg. variables

case 4 store counter value in 4th freg. variables

case 3 store counter value in Sth freq. variables

clear Capture Register counter (CH=OL=0Q)

return from interrupt




9.5 Keypad interrupt, stores key pressed on keypad.

INTRPT1

delay for ims

read key—code from keyboard encoder and store

delay to allow hardware to settle

read key—code Trom keyboard encoder and store

key—codes equal ?

then elise

save key—code in
KEY wvariable

return from interrupt

?.6 Initialization of display on power-up.

- DISPLAY$SETUP

delay for display busy flag

enable display

write initialization instruction

remove enable

9.7 Locate address where character is to be displayed.

DISPLAY$ADDR

delay for display busy flag

enable display

write digplay data address

remove enable




2.8 Display a character at previously defined display address.

DISPLAY$CHAR

wr-ite to display data register

delay for display busy flag

enable display

delay for display busy flag

write ASCII byte to display

delay for display busy flag

remove enable & register select

9.9 Calculate tone duration erraor for each aof the 5 tones.

CALC$TDURSERR
tone duration = 70ms ?
then else
tone duration > 7@ms
then else
store @ to FINSERR store + to sign store — to sign
store 28h to sign calc. +ve 4L error calc. —ve 4L error
compute remaindse compute remainder
round off remainder round off remainder
store in FINSERR store in FINSERR




Initiate the displaying of MODE 1.

SELECTSDSKEY$MSG

clear display

initialize display start address

initialize no. of chars. to write to display

call DFKEY to execute function

Write display MOPE 1 to the display.

DEKEY

initialize display address

write MODE ) to the display starting at

the initialized address

Initiate the displaying of MODE 2.

OPTIONSDISPLAYS1

clear display

initialize display start address

injtialize no. of chars. to write to display

call OPTIONSDONATIONS]L to execute function

Write display MODE 2 to the display.

OPTIONSDONATIONS1

initialize display address

write MODE 2 to the display starting at

the initialized address




?.14 Display the frequency digits for each of the 5 tones.

DECODEDSTONE

clear display

initialize display address

write MODE 4 heading to the display

write QUITSMSG to the display

init. display address for freg. digits 1 — 95

write each ASCII freq. digit to the display

F.13 "A-Quit’ message for various MIDES of display.

QUITHEMSE

initialize address on display

write "ADuit’ message to the display

F.14 Write MODE 5 heading and initiate display of freq. no. ' s.

FREQ$HEADING

clear display

initialize display address

write MODE S5°s heading to the display

call FREGEDONATION to write freg. no.’'s

write GUIT$MSG to the display




Write frequency no.’'s for MODE 3 and MODE 6.

FREQ$DONAT ION

initialize display address

write frequency numbers for MODE 5 & MODE &

Calculate frequency from na. of gated counts.

FREQS$CALC

CONTR$H & CONTR$L = freg. counts from the RTI

convert LS nibhle and MS nibble to words

convert gated us counts to seconds

scale down frequency to display std. freq.

convert freg. in hex to ASCII for displaying

store freq. values in global variable

Display freguencies at initialized addresses for MODE 5.

DISPLAY$FREQ

initialize display address

display each of the 4 freq. chars for each freqg.

Write MODE & heading and initiate display of freq. no.’'s.

FREG$ERR$HEADING

clear display

initialize display address

write MODE &'s heading to the display

call FREGEDONATION to write freq. no.'s

write QUITSMSE to the display




.21

Calculate frequency error for each of the 5 tones.

CALC$FREQHERR

CONTR3H & CONTR3L = freq. counts from the RTI

convert LS nibble and M5 nibble to words

convert gated s counts to seconds

obtain standard freg. of F$DIGIT from array

measured freq. = std. freg. ?

then

meas. Treqg > std. freqg. ?

then else

store @02h to F$DIGL sign = +ve error sign = —ve error

store BBh to F$DIG2 error = meas. freg. error = standard freqg.

store 20h to sign — standard freq. - meas. freq.

error < 18

then else
@<= error <=102 °?

then lse

calc. % error error >= 1%

store in F$DIG1 store in F$DIGL

error < 14 campute remainder

compute remainder store in F$DIG2

store in FsDIGZ2




F.22 Display the computed parameters for MODE 6.

SHOWSFREQ$ERR

initialize display address

display +/— error

write F¥DIGL to display

write decimal point ta display

write FEDIGZ2 to display

call PERCsDISPLAY (write L sign to display)

.23 Display ‘%’ character used in MODE & and MDDE 8.

PEREC$DISPLAY

L =31

do while L < 32

write ‘4’ character to display

L=L+1

?.24 Initiates the displaying of MODE 3.

OPTIOUNSDISPLAY%$2

clear display

initialize display start address

initialize no. of chars. to write to display

call OPTIONSDONATIONSZ to execute functiom




.25 Write display MODE 3 to the display.

OPTIONSDONAT IONS?2

initialize display address

write MODE 3 to the display starting at

the initialized address

?.26 Display MODE 7 heading and analysed parameters.

TONESDURAT IONS

clear the display

initialize array pointer to display MODE 7

call TONESDURATHMSG

write “ti=" to display

call DISAL AYsCHAR

call ms DISPLAY

re—initialize array pointer and display

tone durations 2, 3, 4 and 3

write "AQuit’ to the display

.27 MODE 7 heading.

TONE$DURAT$MSEG

initialize display address

do while MODE 7 heading not complete

write MODE 7's heading to the display
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.

?.28 Display 'ms’ character used in MODE 7.

ms$+DISPLAY

L =29

do while L < 31

write ‘ms’ characters to display

L=L+1}

7.29 Display heading and analysed parameters fnr MODE 8.

TONE+DURATIONSERR

clear display

initialjize display address

initialize array pointer

do while MODE 8 bheading not complete

write MODE B's heading to the display

re—initialize array pointer

call TONESDURATSMSS

call DISPLAY$ADDR

write sign of error to display

write duration 1 ervor to the display

call PERCEDISALAY

re—initialize array pointer and display

tone duration errors 2, 3, 4 and 5

write 'A-0Quit’ to the display
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APPENDIX D

1. 5S-TONE ZVEI ENCODER ANALYSER SOFTWARE LISTING

The faollowing pages represents the software listing of the

5-Tone ZVEI Encoder Analyser PLM-51 program.
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APPENDIX E

11. SIMULATED DATA CHANGE SIGNAL FLOW CHARTS
Flow diagrams for simulator software generating the data

change signals on a 8831 simulataor board.

11.1 Timer interrupt to produce 78ms time delay.
TIMER@
first interrupt 7
{PASS = @ 72)
then else

init. timer @ to interrupt set STROBE flag

after 4.4650 ms clear PASS flag

set PASS flag = 1 init. timer @ to interrupt

aftter 69.535 ms

11.2 Main program fTlow.

MAIN

init. ports, timer @, variables, flags & SFR's

pushbutton = @ 7

then else

debounce switch

do while I <= &

initialize timer @

start timer @ running

output 1 ms pulse

do while STROBE = @

wait for 7@ ms interrupt

clear STROBE flag
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APPENDIX F

12. SIMULATED DATA CHANGE SIGNAL SOFTWARE LISTING

The following pages represents the software listing of the

simulated 1ms data change pulse generated every 70ms.
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13.

APPENDIX &

SIMULATED DATA CHANGE SIGNAL REPRESENTATION
The following page represents the data change signals
generated by a simulator board using a 80831 micro-

controller.
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-

Y markers —

Ot on !

(5) | (6] '
Tone 5
— : ST~ 2 marKers
| e
! - ? : ;— start marker —,
2 i : {
: g : H : — 2top merker —
' 1 H H H *
- = - - LS i
—25¢.000 me C.00000 < 255000 ms [ w

S0.0 @msifdiv

stop Rarxer: g

giari marker: z

Tone duration =gdelits t1: Z
1/deiis L =

Data Change signals generated by simulater board using
a 8031 microcontroller
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14.

14.1

14.2

14.3

APPENDIX H

MODE @ TO MODE 8 DISPLAY FORMAT

This section represents the various display
modes which are selected and displayed on the 16—
character by 4—-1line Dot Matrix Display of the 5-
Tone ZVEI Encoder Analyser.
Display MODE @, standby message.
Rlelajd!ly T| o Rielcieli|lv]e
Z | VIEL}I S|ijgjn|a 1 - -
Klely Tirjajnis{imlitt|t|elr

Display MODE 1, ready to-display

analysed results,

Slijglntltajl Rle|l]cje}jilv]|]e|d
Sie|l e|lcit Di—-Jk|e |y flo|r
D|lils|pllialyY O|lpltiijaln]s

Display MODE 2, enables display of MODE 4 to MODE 5.

1 -1 7T o|nje D ilg i ti s
21| - F r e g -
3| -|F}rjejag - Ei{irjriaolr




i14.4 Display HUDE 3, enables display of MODE 7, B8 and MODE 0.

S|e 1 el cC t H - Cl—-i1Pjrlel}]vw -
41— | Tiotnle Diuyjr|lattiijojn]|s
S| —-|D}lujrjalttiioifn Eirjrjiolr
Al—- 1 Q@iul}] i}t Rielaldijiln|jg]l]s

14.5 Display MODE 4, showing typical decaded digits.

D|le|lclo|ld]e}id D{tilgiji]ltl]s
1 2 3 5 S
Al-18jul|l 1]t

14.6 Display MODE S5, showing typical tone frequencies.

Tlojn}je F|lriejlsg - ( H| =z )
Fi1|=j11|0@8]| 6| @ Fila4i=|11la4a|1]a| 8
Fiz2|l=]11]|1}16]|0 F}!13i=}]11|5|13}|@
F{i3|=11|217]|8@ Al -] jul]l i]t

14-2



14.7 Display MODE &, showing typical freguency errors.

F ri|e q u e n | - L4 E r|o r

Fli1{+{@B}§, 1| % Fl4 i —-11],}12]|%
F |2 a|, || % F|ISj+|1@d| ,|1} %
F{3|-1@|,15]| % Al -lQlulift

14.8 Display MODE 7, showing typical tone durations.

Tloinle Djulrjaltlji|loin|s
tj1}|=}|71 8| m;| s tj4|l=j6|9|m]s
t|2]l=}{&6|Bim| s t|{S|=1718|lm|s
t{ 31 =71 im|s Al —-18]lal]i]|t

14.9 Display MODE 8, showing typical tone duration errors.

Djiulrjajtijijio|n Elrirjoi{r
t|li1]|=1+]B]| 3] % tla|=|-]@d{ 4| %
tj{iz2|=|-|@8|1|%Z t|Sl=1+]al 2} %
t 3 = ] @ ~ (41 —1 81 u i t

14-3




APPENDTIX I

WAVEFORMS aF TONE DIGIT

FREGUENCTIESTS



i5.

APPENDIX I

RAVEFORMS OF TONE DIGIT FREQUENCIES

The following pages represents the

waveforms of the Tone

Digit Frequencies for digits @ to 9 and the repeat tone.

The waveforms were measured at the output of a FX1B82LG.
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ANNEIXURE 1

DATA SHEETS O N SELECTIVE-CALL

TONE ENCODERS / DECODERTS
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ICTIONAL SCHEMATIC ) PUBLICATION D/4071/2/2

T T A T e Ty ST e SR ¢ e R T [ I e eme e o e - ~ L s s —e—

T SIS EXAQT0A
- iz - FX4071A

i e s
’{:.-ju P TIMING CoTrTT 20 Address Ougpg - ’
=TT — 1 FX5071A
m:z _—_:{ ax S L7, Y -
FLLTERS l woic
ﬁ : HYBRID
| e - INTEG
. .':,E:" Q—‘ e e T 5 1TOEN§ATED
o : _ ENCODER/
ST DECODERS

L2213 14

T pucue & 1ac

ZATURES FULLY FUNCTIONAL 5-TONE SELECTIVE CALLING SYSTEM

THICK FILM HYBRID CONSTRUCTION e USES CML FX407A/FX507A CHIP

FIXED OR VARIABLE SYSTEM TIMING e ENCQODER, DECODER AND TRANSPONDER

CHOICE OF PACKAGE STYLE

he FX 40704, FX 5Q70A, FX 4071A and FX 5071A are integrated circuits fabricated using thick film
¥brid techniques and include a monalithic LS1 semiconductor chip. The circuit comprises all necessary
Imponents to provide a 5-tane selective calling encoder/decoder which complies with the requirements of
2 CCIR standard {FX 4070A or FX 4071A) or the ZVEI standard (FX 5070A ar FX 5071A). in all
“pects the aperation of these devices is identical to the.recommended circuit used in the application of

'® CML FX 407A/FX 507A integrated circuit. The hybrid circuits include passive components necessary
r correct system operation, the trimmer potentiometer required to set frequency calibration is externally
nnected and external companents may also be used to maodify internally set system timing parameters.



17 PIGIT SEQUEMCE QUTPUTS

Lo lst s 81 s OSS

s E b

-
i

C o
T
) | S | RN, QU VR S0 U O
vog - g ¥3S X 516 GATE T TOME RESET GRF ADD TXE GRP
QP 1P PERIOD PELAY FERIQD QUP QP MIP

HYBRID COMPONENT LIST (This information can be read in conjunction with Production Information

an FX 407A)
RESISTORS CAPACITORS
CIRCUIT DIAGRAM VALUE TOLERANCE CIRCUIT DIAGRAM VALUE TC TOLERANCE
REF, REF.

R1 100K 5% Ci 0.022uf X7R  10%
R2 100K 5% C2A=C2B 470pf X7R  10%
R3 22K % C3A=C3B 0.01uf X7R  10%
RO 100K 5% C4 0.22pf X7R  10%
Rin 330K 10% C5 0.01uf X7R 20%
RD 630K 10% Cé 68pf NPO 5%
RS{FX4070A/FX4071A) 1.22M 2% c'o 0.01uf NPO 5%
RS{FX5Q70A/FXB071A) 857K 2% C'in 0.01puf X7R  20%
RT : 385K 2% Cs 0.22uf X7R 20%
RL 600802 10%

R’'b 330K 10%

CALIBRATION PROCEDURE

Conditions: VDD =12.5V, TA=20° +5°, no input signals.
1) Programme code SXXXX({FX4070A/FX4071A) or SXXXX{FX5070A/FX5071A), where ‘X’ is any

convenient digit.

2} Apply VDD. Wait several seconds, then connect a shorting link between pins 23 and V5S.
3) Press the TX Enable button and read the frequency at the TX output. The signal is a continuous tone.
4} Adjust the R’a calibratian potentiometer until the frequency is exactly 1541Hz (FX4070A/FX4071A)

or 1530Hz (FXS5070A/FXB071A).

5) Remove the shorting link between pins 23 and VSS. Caiibratibn is now completed far all channels for

both RX and TX.



EXTERNAL COMPONENT CONNECTIONS

1. The address and group outputs are open drain MOS transistors. This allows the outputs to he linked to
give a wire — OR if required. Load resistors {10K£2 nom.)} are required for these outputs from pin 20
and pin 21 to -Ve supply.

2. A22KS) trimmer potentiometer with a temperature coefficient <100ppm must be connected from R'Q
to -Ve supply (pin 32). This is used to calibrate frequency as described above,

3. The Qutput Reset input has an on-chip TMS2 (nominal) resistor to VDD and a 3K M.0.S. transistor to
VSS which is disabled when the outputs are activated. With this input held at VSS the outputs will turn
on at power-up, To reset the ottputs and taensure they are off at power-up the pin must be
momentarily taken to VDD, An autematic time-out commencing from when the outputs are activated
is provided with a resistor in parallel with a capacitor between pins 22 and 32. The interval T'on =0.65
RC seconds, and should be longer than one tone period.

4. A capacitor {CT) must be provided between pin 23 and the positive supply (VSS) to set the transmitted
tone period,

The pericd is given by:
Tp = 0.355K CT seconds. -

where CT is measured in puF
K =0.6 £0.03 typ. (a constant of the monolithic chip)

For CCIR tone period = 100 mS {FX4070A or FX4071A) then CT = 0.47uF
For ZVEI tone pericd = 70 mS (FX5070A or FXB071A) then CT= 0.33uF

8. Optionally:

i) A capacitor {CD) can be connected between the TX Delay pin and the positive supply (VSS) to
provide a delay prior to the start of transmission.

TX delay period = O.GSK CD seconds *

ii} The RX gate period {internally set to 1,75 Tp) can be varied by external components coﬁnected in
parallel to RS and CS.
RX gate period = K RS’ CS’ seconds *

* where K =0.65 = 0.033 typ, RS’ and CS’ are resuitant values of internal and external components,
CD and CS’ are measured in gF
RS’ is measured in Megohms

PACKAGE DETAILS

FRAOTOASFXSOVSA 21N CONFIGUNATION PX41IA/ FISAIA MR cORFiEBAATION

Lror e 170 YiEs
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FX 4070A and FX 5070A PACKAGE

WORKING TEMPERATURE RANGE: -XPC ta » 80"
STORAGE TEMPERATURE RANGE. - APC Le+ B
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ELECTRICAL CHARACTERISTICS

Supply voltage
Supply current

Operating Temperatura

MIN.
-10V

-20°C

15mA

MAX.
-158v

+60°C

NOTE

ELECTRICAL CHABRACTERISTICS AT VDD = 12 volts & T'amb = 20°C unless otherwise specified.

Input voltage logic ‘1’
Input voltage logic 'O’
Qutput voltage logic ‘1’
Output voltage logic ‘0’

-8.0V E

-10.0V

-1.5v

-1.0vV

JNote 1.
}Note 2.

OPERATING FREQUENCIES (fo of bandpass filters and Tx O/P) see Calibration Procedure.

Digit 1 7 1121Hz 1057.5Hz iy

2 1200.5Hz | 11683Hz

3 1278Hz 1269Hz

4 1357Hz 1402Hz

5 14444z 1530Hz

6 FX4070A 1541Hz 1665.5Hz FX5070A

7 FX4071A 1638Hz 1828Hz FX5071A

8 1747Hz 2001Hz

g 1856.3Hz | 2203Hz

0 1983Hz 2403Hz

R 2113Hz 2601Hz

G . 2401Hz 2796Hz |/
Frequency stability Af/°C 0.015% Temperature range -20° +60°C
Frequency stahility Af/Vsupply 0.015% Supply voltage range -10 to -15V
DECODER OPERATION
Sensitivity a0mvV r.m.s
Max. Sighal Handling 700mvV r.m.s.

e
, 3% FX4070A & FX4071A
100% decode BW 4% FX5070A & EX5071A referred to fo
> 6% FX4070
o % A & FX4071A
0/0 dECOde BW g% FX507OA & FX5071A rEferFEd to fo
Input impedance L 100K 2
ENCODER OPERATION
Qutput voltage v peak to peak output
‘ 90mS 100mS 110mS FX4070A & FX4071a] With d'eg‘""'
Tone period 63mS 70mS 77mS FX5070A & FX5071a| Menae
vatlue of CT

Qutput impedance 600s2

Note 1.

Pins 1-10, 16-19, 22 FX4070A & FX5Q70A

Pins 1-12, 18, 19, 22 FX4071A & FX5071A
2. RLOAD=10KQ Pins 11-15, 20, 21 FX4070A & FX5070A
RLOAD=10K Pins 13-17, 20, 21 FX4071A & FX5071A



CODE PROGRAMMING

Programming is achieved by links between the sequence outputs and the digit select inputs. The repeat code
(R} is substituted for consecutive identical digits, e.g. 39999 is coded 39A9R. Should the fifth digit be
common to any other digit it must be linked via a diode as shown,

Shortened codes are achieved by linking S5 directly to the last digit.

EXAMPLES OF CODING

SEQUENCE OUTPUTS [ ST 52 53 §4 S5 [S1 57 53 54 5 5152 €3 54 55 5152 53 54 55
PROGRAMMING LINKS l l l l t*| i—l l | | | l l b
) 4 Yy vy v
DIGIT INPUTS 2096 4|2 1R 0{16569 365
PROGRAMMED
ADDRESS 2 0 986 4121 1 10]15 6 9 63 6 5
CIRCUIT ARRANGEMENT

GROUP CALLING

20 |——m= ADORESS O/7
Fx970A [ FXSQTOA
FXL07T1A [ FASOTIA

21— GROUP QIP

18

INPUT r 3
—_———
CODES

o
[PULSE INTQ PIN 1B)
10K0 R T / ’
cin T
LI} FA1GS s —-l——ll— '

1aF v I !
[1} .
G TONE RECEIVED
- WAVEFGRM AT PIN S
{FX185 TUNED TO'G' TONE!} ’ GF Fx105

When zn input code contains a ‘G’ tone, the FX105 switches ON and the 140 edge is coupled to the Group
Initiate input (pin 18) of the hybrid. This causes the hybrid to change from the Address code programmed,
to an internal Group programme for the remaining digits of the input code. If the Group code is correctly
completed, the Group output of the hybrid switches ON. The Group Initiate is effective only if the correct
first two digits of the Address code have been received. The Group Initiate input is disabled during transmit
mode, a Group call is transmitted by encoding the *G” tone via the Digit Select inputs.

EXAMPLES OF GROUP CALLING

INFUT CODE ACTIVATES RECEIVERS CODED: GROUPS OF: d/P SWITCHED
25784 25784 only 1 ADDRESS
2578G 25780 to 25789 10 GROUP
287GR 25700 to 25799 hd 100 GROUP
25GRG 25000 to 25999 1000 GROUP

!

CML does not assume any responsibility far the use of any circuitry described, No circuit patent licences
are implied and CML reserves the right at any time without notice to change said circuitry.

o i i -..‘ ot
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PRODUGT INFORMATION

PUBLICATION D/2030/1
MARCH 1983

L21=17TH

T3.113knx
SGe[TOR

- !

FX2030C

josClo Attm
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TOME CECODIR
(FEQGT) -

MLERT /ML 0
Sl TO1LNG.

(X =1

ALEATFAUOLID
OuTPUT

FX2030Z

LOW POWER

ADDAESS

ENCODEN/
CECODER
{Fx401)

SELEGTIVE
CALLING

aras

e O

TOME SNCOCER
{Fx503)

L

TOhE
OATA

ENGODER/
DEGODER
HYBRID

TOHE QUTFUT

FIGURE 1 INTERNAL BLOCK DIAGRAM

FEATURES

~ LOW POWER CONSUMPTION

SMALL PHYSICAL SIZE

COMPLETE ENCODER/DECODER/TRANSPONDER
CHOQICE OF CCIR OR ZVEI TONE-SETS
INCLUDES ALERT BLEEP GENERATOR

*

*

*

¥

DESCRIPTION

The FX2030 is a complete selective calling encoder/
decoder for 5-tone sequential systems. It offers the
advantages of small size, low pawer consumption,
simple interfacing and high perfarmance.

The thick film hybrid combines LSI CMOS chips with
discrete resistors, capacitors and diodes to minimise
the number of externzl components required. The
FX2030C is based on the CCIR signalling frequencies
and the FX2030Z is tuned to the ZVEI tone-set.

*

INCLUDES GROUP CALL DECODING
AUDIO SWITCHING

« FEW EXTERNAL COMPONENTS
SIMPLE INTERFACING

DATA DECODING

*

¥

*

DECODER

Atypical sequence of operation is illustrated in Figure
2, The FX2030 decodes a correct selective call and
automatically transponds an -acknowledgement in
reply. The hybrid will then switch the Mute output high
and generate an alert call to warn of an incoming
message. Finally the incoming speech signais are
switched through to the qutput.
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FIGURE 2 TYPICAL TRANSPONDER SEQUENCE

ENCODER

The encodersection of the FX2030 isenabled eitherin
response to a transmit instruction (Tx) or forautomatic
transpond (Tp) as ilfustrated in Figure 2.

EXTERNAL COMPONENTS

Ta provide a selcall encader/decoder function the
FX2030 requires a few external componentis as shown
in Figure 3.

560kHz Oscillator.

The receivertone channels, encoder cutput frequencies
and zlert patterns together with system timing func-
tions are derived from the 580kHz reference. A low
cost ceramic resonatar can be directly driven by the
circuit together with a trimmer capacitor to adjust the
frequency as shown. Pin wiring should be kept short.

Sien. P
e i)

A et

[
B S P 1}
e R T Y 3]

EXTEMMA, g

- FIGURE 3 EXTERNAL COMPONENTS

The 560kHz can be measured by monitoring Pin 14
and adjusting the logiclevel square wave t0 23.333kHz.
Maonitoring Pin 14 avoids directly icading the oscillatar
with a frequency counter. All necessary calibration is
naw complete.

For some applications the smali frequency driftsassoc-
iated with temperature and ageing effects may be
unacceptable. In this case a crystal derived clock can
be injected at Pin 2. Under no circumstances should
power be applied to the device with no clock present.
This would cause the dynamic logic to malfunction and
could damage the device.

Alert Reset.

Adding a capacitor to the Alert Reset input (between
pins 9 and 41) provides an automatic time out of alert
signals. A N/O switch to VDD can be used for manual
reset.

PIN DESIGNATIONS

Pin
1. Osc1
2. 0sc. 2
3. Not connected
4. V33 (negative supply)
5. Not connected
6. Power on reset
7. Not connected
8. AlertfAudio output
8. Alert reset input
10. Data change ouiput
11. Data change input
12. Transpond select input
13. Alert bleep Iogic output
14, 23.333kHz monitor ocutput
15. AO memory address output
16. A1 memory address output
17. A2 memory address output
18. A4 memory address cutput
19. Auio repeat input
20. Tone cutput
21. Relay qutput
22. DpQ(2) memory data input
23. DpO{t) memory data input
24, Dp1 memory data input
25. Dp2 memory data input
26. Dp3 memary data input
27. Transmit enable input
28. A3 memory address output
29. Mute output
30. Mute reset & P.T.L. input
31. Group digit select input
32. Data flag output
33. DjO data jam input
34. Dj1 data jam input
35. Dj2 data jam input
36. Dj3 data fam input
37. Q3 tone data cutput
38. Q2 tone data output
39. Q1 tone data output
40. Q0 tone data output
41. VDO (positive supply}
42 Signal input



TECHNICAL SPECIFICATION

ABSOLUTE MAXIMUM RATINGS

Exceeding the maximum rating can result in device damage. Operation of the device outside the operating
limits is not implied.

SUPPLY VOLTAGE . env st enintes e e ettt e e e e e e e e et e e e e e e ae e saanananens 0.3V to 7.0V
INPUT VOLTAGE AT ANY PIN (ref VSS=0V) ............. e -0.3V to (VOD + 0.3)V
OUTPUT SINK/SOQURCE CURRENT (TOTAL) .« ettt e et e et e e e e, 20mA
OPERATING TEMPERATURE BANGE e ne et ettt et e -20°C to +60°C
STORAGE TEMPERATURE BANGE - .ot ot intn et et e et ee e -40°C to +85°C
MAXIMUM DEVICE DISSIPATION -« ettt et e e e e e ee e s e e e aean 100mW

OFPERATING LIMITS

Unless otherwise stated VDD =5V, TA=25°C, ¢ = 560kHz, Gaussian White Noise (band limited to 6kHz),
Afo = o, Input Tone Period { 100ms per tone CGIR

70ms for ZVEl
CHARACTERISTICS MIN TYP MAX UNIT
STATIC CHARACTERISTICS
Supply Volts 4.5 8.0 55 v
Supply Current {In receive mods} : ' 1.5 mA
Supply Current {In transmit mode) 3.5 mA
input Impedance Pins 2, 12, 19, 27, 31, 33-36 1 MO
Input Impedance Pins 8, 30 22 MO
Input lagic *1' } All togie nout 35 v
Input togic 'O egic tnadis 15 v
Logic 1’ O/P'Isource = 0.1mA } Pins 10, 14-18, 29, 4.0 v
Logic*® O/Plsink =0.1TmA 32,3740 1.0 v
Logic ‘1’ O/P tsource = 0.3mA } Pin 28 4.0 . v
Logic ‘0 O/Plsink =0.8pA 1.0 v
Logic*1’ O/P Iscurce = 0.05mA } Pin 13, 21 40 v
Logic'0’ O/PlIsink =0.05mA 1.0 \
Qutput source current Pin 6 300 nA

DYNAMIC CHARACTERISTICS

DECCDER
Decode Input Sensitivity 40 mvrms
Decods Bandwidth P>0.995 any tone FX2030C x=1
at Signal/Noise ratio >3dB FX2030Z =2 %
Naot Dacode Bandwidth FX2030C =
{P<0.03 any tonej FX2030Z =45 g
Signal/Noise Ratio for P>0.97 Q d2
(any 5 tone cail sequence)
ENCODER
Tone output emf pin 20 120 . 160 - 185 mvrms
Tane output source impedance pin 20 1 X0
N FX2030C 98 100 102 ms
Taone duration FX20307 68 70 72 ms
FX203CC =4 Hz
Tone encode accuracy (&) £X20302 Za3 &
Transmitter lead time (Tx Delay) 150 210 290 ms
AUDIC PATH
input Impedance (speech pzath switch 1.75 ML
open circuit) pin 42
Speech path switch impedance (ie ‘on’) 1 kO
between pins 42 and 8
Speech path switch isclation (i.e, ‘off) 50 a8
between pins 42 {0 8 .
ALERT
Alert call frequency 2121 kHz
Alert autput levet {into Tk(2) at pin 8 275 mVpk-pk

Alert output leve! (into 1Ok} at pin 13 2.0 Vpk-pk



MIN TYP MAX UNIT

Alert time out using external capacitor C 1.57C 2.1C 2.63C s
in uF on pin 9
Leakage current of capacitor C - 0.7 kA
Recommended range of external capacitor C © 033 47 nF
internal pull-up resistor pin 9 2.09 22 2.31 MaQ
Switchaover time from Alert to incoming, .
speech at pin 8 . 0.6 s
TIMINGS
Osc. 2 input pulse width (pin 2) 750 893 1000 ns
(using externat clock)
Power On Reset (pin 6) input puise width 2 ms
Alert Reset (pin 9) input pulse width 10 us
Data Change input (pin 11} pulse width 100 s
Transmit Enable {pin 27) input pulse width 100 S
Transmit Enable pulse rise time : 10 CuS
Mute Reset & P.T.L. {pin 30) input pulse width 90 us

SIGNALLING FREQUENCIES (in Hertz)

Tone 0 1 2 3 4 5 6 7 8 g A B C D E

FX2030C 1981 1124 1197 1275 1358 14461540 1640 1747 1860 2400 930 2247 981 2110
FX2030Z 2400 1060 1160 1270 1400 1530 1670 1830 2000 2200 2800 810 970 888 2600

Table 2 shows the response of the FX20390 under various input conditions.

TABLE 2

TRANSMITTED TRANSPOND  THANSPCND ALERT ALERT AUDIO
TONES SELECT QUTPUT QUTPUT AUTO SWITCH
{Note 1) {Note 2) {Naote 3) TIME QUT {Note 4} COMMENTS
12345 1 Yes Address Yes On Address call.
call Transpond selected.
12345 o) Na Address No Not Address call No auto time-out
call applicable Transpend not selected.
1234A0r X Nao Group Yes Cn Group call or all-call.
AEAEA call Transpond automatically inhibited.
12345C 1 Nao Address Yes Cn Address call.
cail Reverses Transpond seiection.
12345C 0] Yes Address Yes On Address call
cail Reverses Transpaond selection.
1234586789 1 Yes Second No Not Addressed data (6789).
_ address/data applicable No auto time out.
1234A8 X No Second No Not Group call using second address.
address/data applicable Transpond automatically inhibited.
123450 1 Yes None Not Oft ‘silent interrogate’/mute and reset.
applicable Transpond if programmed,
AEAEAD X Na Nene Not Off Mute and reset ail receivers.
applicable Transpond automatically inhibited.
12345CB 1 No Second No Not Second address call.
address/data applicable Reverses transpond selection.
12345CD ] No None Not Off Individual mute & reset.
applicable Reverses transpaond selection
123458 X No None Naot Oft incorrect address with
appiicahie too many digits.

Notes: 1) The address code is 12345, A is group tone, E is repeat tone, B, C and D are address suffix tones.
2) indicates input logic state, X=don't care.
3} Referta Fig S for alert pafterns and timings.

4) Defines candition of audio switch after transpand and alert sequences are completed ‘Not applicable’ arises
where alert does not automatically time out and must be manually reset.



DESIGN INFORMATION

Pin Descriptions

QSC. 1 - Qutput of a CMQOS inverter. Can be used in
conjunction with the Osc. 2 input to form the active
element of a ceramic resonatar circuit. Passive com-
ponents are included on the hybrid to complete the
oscillator circuit.

OSC. 2 - Input of a CMOS inverter. Alternatively a logic
level 560kHz square wave can be injected at this pin
with Osc. 1 left open circuit.

VS3S - Negative supply input.

POWER ON RESET - provides a positive going pulse

when power is applied to the hybrid. The pulse can be-

used to automatically initialise external circuits but
must not be excessively loaded. The power supply must
rise to 90% of its final value within 2ms to ensure
adequate function. Alternatively an externat lagic *1'
pulse from a low impedance source can be applied
after the power supply has stabilised.

ALERT/AUDIO OUTPUT - linear output pin. The logic’
level alert patterns are output at this pin via an im-_

pedance of approximately 15k ohms. The transmission
gate between the Signal input and Alert/Audio output
is disabled when alert patterns are being generated.

When the hybrid isunmuted the analogue signals atthe
Signal input are available at the Alert/Audio output.

ALERT RESET INPUT - Includes internal pull-up resis-
tor. The input has a schmitt trigger characteristic to
permit the use of slow rising voltages for automatic time
out applications. A discharge transistor normally holds
the pin close to the negative supply and is disabled for
auto time out. The alert patternis reset when the input
voltage exceeds the schmitt trigger upper limit{typicaily
0.66 VDD volts).

A switch connecting to the pasitive supply can be used
for manual reset.

DATA CHANGE CUTPUT - CMQOS logic output. A logic
1 pulse is output eachtime thetone decoderdetectsa
change of tone. Normaily connected to:

DATA CHANGE INPUT - logic input. A logic 1 input
pulse causes the address decodertocompare the tone
code with the data held in the external address PROM.

TRANSPOND SELECTINPUT - logic input with puil-up
resistor. Alogic t oropen circuit will cause the FX2030
to automatically transpond a reply after a selective call
is decoded, and a logic O will inhibit this feature.
Address suffix tone C inverts this selection and group
calls inhibit transpending.

ALERT BLEEP QUTPUT - CMGCS lagic cutput. The atert
patterns are available at this pin from a source im-
pedance of typicaily Sk ohms.Inthe quiescent stata the
output is at VS&.

23.333 kHz MONITOR QUTPUT - CMOS logic output.
This pin outputs a square wave frequency of 23.333kHz
when the input clock is 560kHz. Most applications
require a calibration tolerance of =0.1%.

AQA1,AZ2, AAMEMORY ADDRESS QUTPUTS - CMQS
logic ocutputs used to address the external memory.

AUTO REPEAT INPUT - logic input with pull-up resistor.

An open circuit or logic 1 enables the encoder auto
repeat circuitry. This detects when the repeat fre-
guency is required in an encode sequence.

Repeater access applications may require a continuous
tone of two or more tone period durations. This can be
encoded by disabling the auto repeat feature with a
legic 0. The memory address outputs increment as
narmal after each tone period.

TONE QUTPUT -linear output. The outputis held at VSS
in the quiescent state,

The ac. tone output signals are generated about g
mean d.c level of typically 0.25 voits.

RELAY QUTPUT - logic output. This pin outputs a fogic
1 during a transmit sequence viaa typ:cal impedance
of 15k ohms.

DPO {2), DPQ (1), DP1, DP2, DP3 MEMORY DATA
INPUTS - logic inputs. The 4 bit seicall address codes
are input to the hybrid by these pins. The least signifi-
cant bits are fed separately tathe tone encoder DPG (2)
and address encoder chip DPO (1). This zllows the
enceder to be programmed to the repeat frequency
(code E) if reguired without causing shut-down of the
system.

TRANSMIT ENABLE INPUT - applying a logic 1 level
pulse at this pin acts as a transmit enable request. The
internal components couple a pulse through to the
address encoder.

A3 MEMORYADDRESS QUTPUT - givesaCMOS logic
1 output level when a transmit enable request is
accepted. The quiescent state is a logic O established
by a 1M ohm puil-down resistor.

MUTE QUTPUT - CMOS logic output. The mute output
is settologic 1 at the start of an alert output sequence
following receiptof aselcall. Itis also forced high when
the Mute Resetand P.T.L. inputis activated and resets
onthe falling edge of the input pulse. Reset of the Mute
output results when suifix D isincluded in anincoming
address sequence or when a second address/data
atert is reset at the Alert Reset input.

MUTE RESET AND PUSH TO LISTEN INPUT - logic
input with pull down resistor. A logic 1 at the input
activatesthe Mute gutput (P.T.L. feature) andresets an
alert gutput sequence. The negative going input edge
reset!s the Mute output.

GROUP DIGIT SELECT INPUT - logic input with on-
chip puil-down resistor. The address decoder is pro-
grammed to recognise tone A as the group digit by a
logic Q or apen circuit at this pin. A lOgIC 1 programmes
tone Q as the group tone.



DATA FLAG QUTPUT - CMOS logic output. When ad-
dress suffix Bis decoded the Data Flag cutputs a logic
1 and resets back to a logic O at the end of the tone
sequence.

0ia, Di1, Dj2, Dj3 DATA JAM INPUTS. These pins
connect directly to the tone data inputs of the address
decoder, and 1M ohm resistors feed from the outputs
of the tone decoder. Normal operation of the device
requires these pins to be open circuited. Should it be
required, for example, to abort address decoding data
code F can be forced onthese pinsfrom low impedance
sources (max. 10k ohms). A pulse at the Data Change
input strobes the data into the device.

Qao, Q1, Q2, Q3 TONE DATA QUTPUTS - CMQOS logic
outputs. The current state of the tone decoder is
output as a 4 bit word.

VDD - positive supply input.

SIGNAL INPUT - analogue input, The selective calling
and speech signals are input to the hybrid at this pin.

DECODER OPERATION
Figure 4 is a flow diagram for the FX2030 decoder.

The tone decoder in the hybrid detects all valid input
tone sequences.

The decoder fimits the input signal and processes it in
an autocorrelator. The autocorreiator has the effect of
enhancing the coherence of signalling tones while
rejecting random noise. The periodic signal informatian
is detected and passed to accurate digital divide/count
circuits where fifteen tone bands are simuftaneously
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FIGURE 4 DECODER FLOW DIAGRAM

scanned by the decoder. These aretuned todetect the
tone digits Q to 9, repeat tone, group tone and three
instruction tones. The divide/count outputs are further
processed to optimise the performance of the decoder.

The tone data is compared by the address decoder
chip with the data stared in an external memory. if an
incorrect sequence is detected the decoder aborts
and remains in standby until the end of the tone
sequence. The decoder includes circuitry to identify
when the repeat frequency is expected in an address
sequence. It automatically programmes repeat in place
of the code digit held in the address memory.

Group Calling.

Compietely flexible group call decoding is provided by
the FX2030, without constraints on the calling struc-
ture. The examples show Tone A representing the
group call frequency and E being a repeat of the
previous tone digit: :

Transmitted Tones Units Called
1234A 12340-12349
12AEA 12000-12999
A2345 02345-82345
AEAEA All units

lfagrouptoneisincluded aspart of acorrectincoming
sequence the decoder sets an internal latch. At the
end of the sequence the state of the latchis inspected
and transponder operation will be inhibited for group
calls. This avoids the situation where multiple receivers
are simultaneously keved.

Alert.

An alert output will be generated next in the sequence.
It is hawever inhibited for ‘Silent Interrogate’ (refer to
Suffix Tones section) as shown by the ‘NO’ branch in
the flow diagram of Figure 4.
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FIGURES ALERT QUTPUT PATTERNS
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derived from the logic level squarewave at Pin 13. The
alert source impedance at Pin 8§ is typically 15k ohms.

The 2.121kHz clock is chopped as shown in Figure 5.
An even mark/space alert signals an address callanda
continuous note indicates detection of a group call. A
second address/data cali s announced by the distinc-
tive pattern shown.

- The alert can be automatically reset by providing a
capacitor ‘C’ on the Alert Reset input Pin 9, Automatic
time out is not available for address calls where a
transpond is not selected or for second address/data
calls. These must be reset externally by a logic 1 pulse
at Pin 9.

An alert will also be cleared by activating either the
Mute Reset & P.T.L. or Transmit Enabie inputs.

Audio Squelch

The FX2030 featuresan audio switch in the signal path.
This transmission gate is cantrolled by the decoderand
is gautomatically turned on after the alert has reset. The
speech signals at the Signal input are now available at
the Alert/Audic output.

Pin 30 is the Mute Reset & P.T.L. Input and as its name
implies offers two functions. Manual defeat of the mute
is provided with a high level at this pin. The ‘Push to
Listen’ action is used to check channel occupancy.

The falling edge of the input puise at Pin 30is detsctad
and used to mute the receiver.

The remote mute facility is discussed in the Suffix Tones
section.

Figure 6 (i} gives the timing relationships between the
Tone Data outputs and the Data Change output. The
Data Change strobe czuses the Memory Address
outputs to increment and the critical Memory Data
input timings are detailed.

Figure 6(ii) shows the timings of the Mute ocutput, Alert
Bleep Logic output and the Alert/Audio output fol-
lowing receipt of a correct selcall
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The Data Flag output relationships are detailed in
Figure 7 (i} and the Mute and Mute Resetinputin F igure
7 (iD.

ENCODER OPERATION
Transmit. - :

The hybrid can be usedtotransmita code sequence as
a calling or identity signal, as illustrated in the flow
diagram of Figure 8.
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FIGURES ENCODER FLOW DIAGRAM
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FIGURE 9 ENCODER QUTPUT WAVEFORM
AND SPECTRAL ANALYSIS

A positive pulse at the Transmit Enable input is
coupled to the control chip (FX403) and will be accepted
unless the decoder is processing an incoming selcall.
The FX403 will enable the encoder chip {(FX503) and
set the Relay and A3 outputs high.

The Relay line is used to switch from the FX503
standby clock of 23.333kHz to a 580kHz clock used
during encoding. This technigue is used to reduce the
averall power consumption to a minimum.

The Relay line is also used to start a delay period of
typically 210ms. This transmit delay allows time to key
the transmitterin a transceiver before the start of the
first tone. Additionally the Tone output is set to a d.c.
level of approximately (.25 volts. The tones are
generated about this mean d.c. level and the delay
allows conditions to stabilise before encoding starts.

The tone data is read from the memory and auto-
matically updated as required by the FX2030. Figure @
{i} illustrates the tone waveform generated by the
device togetherwith the relative levels of the harmonics
of the tone. Fhe harmonic content can be further
reduced if necessary by the simple filtenng provided
by a 0.1uF capacitor between the Tone output and
VSS. This would yield the waveform and spectral
response shown in Figure 9 (ii}.

Each tane in the sequence is generated for an ac-
Curately timed period when the hybrid will automatically
access the next memory location. The new data Is
inspected for the end of transmissicn instruction(code
E) fram the memory which causes the Relay and A3
outputs to be reset ta logic 0. The Tone output will
revert to its quiescent levet (VS3) and the encoder chip
is returned to the low current standhy condition.

Transpond.

The transpand feature is used to automatically acknow-
ledge correct decading of a selective call. The reply
signal can be decoded by the calling equipment to
verify that contact is established.

The FX2030 is programmed into transpond mode by 2
logic 1 or an open circuit at the Transpond Selectinput
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FIGURE 10 TRANSMIT ENABLE AND MEMORY
TIMING RELATIONSHIPS

(pin 12). Logic 0 on this pin will inhibit transponder
operation. The encoder sequence is initiated im-
mediately after the end of an incoming cail as illustrated
in Figure 2 and Figure 8. During the sequence both A4
and the Relay outputs will be at Logic 1 and will reset
when the FX503 is disabled at the end of transmission.
Figure 10 (i) gives the timing relationships between a
pulse at the Transmit Enable input and the A3 and
Relay outputs. In Figure 10 (i} the outputs AjA, are
shown addressing memory location N + 1. This contains
code E which flags the end of an encode sequence.

SUFFIX TONES

The function of the FX2030 can be modified by adding
extra tones after 3 selcall sequence. One qr maore of
the three instruction tones B, C and D can be added to
the end of a call

Tone B.
Tone B can be used in a system in one of two ways.

Data messages can be added to selective calls hy
using additional tenes to represent the data charac-
ters. Address and data sections of the cali are separated
by address suffix Tone B. The Data Flag output (pin 32)
will be set high for data loading when tone B follows a
valid address and remains high- until the end of the
tone sequence. The data is available as four bit words
(hexadecimal} at the Tone Data Qutputs (bins 37-40).
Figure 14 shows the FX2030 interconnected to an
FX313 display driver circuit.

The suffix Tone B also causes the circuit to generate a
different second address/data alert output as illustrated
in Figure 5, Automatic time-out of the alert is inhibited
and can be reset by either the Transmit Enable orMute
Reset & P.T.L. inputs. If a sefective call is transmitted
with Tone B suffix but no data it can be used as a

. ‘second address’ facility.

A second address call could be used when a pasitive
response such as ‘contact the base’ is required.

Tane B can be used in canjunction with C or D but must
always bhe transmitted last in the sequence.



Tone C.

A call follewed by Tone C will reverse the transpond
selection programmedat Pin 12. Therefore aresponse
can be inhibited from an equipment which normally
replies or alternatively it can be requested. Thisfeature
may be employed in a system where not all equipments
have the capability of decoding transponded calls.
inctuding Tone C at the end of a transpond sequence
- will prevent the passibilty of transponder lock-up. This
can occur where a transponded call is decoded and
itself causes a further transpond.

Suffix Tone C is redundant far group calls.
Tone D.

Suffix instruction Tone D can be added to a call and
results in two actions. Firstly it will both reset any alert
running when the call was received, and inhibit an alert
output. It will also mute the receiver audio by disabling
the audio switch and reset the Mute output.

The mute and reset instruction does not affect the
transponder operation of an address call soitformsa
‘silent interrogate’ instruction. Equally the suffix tone
can be applied to an ail-call to reset ail the receiverson
a system.

MEMORY CODING

The external memory contains the address code for the
receiver, together with the transmit and transpond
codes. The address digits are held as four bit (hexa-
decimal) codes in the memory. Six different outputs
from the hybrid could be used as address lines to the
memory. '

AQ,A1 and A2 putputsincrementina binary count from
001 as shown below. These are used asthe three least
significant digits of the memory address. The A3 output
goes high anly for the time that a transmit instruction
(from the P.T.T. button} is being encoded. Similarly A4 is
set to logic 1 during a transpond sequence, while the
Relay outputis highwheneverthe hybridis transmitting.

The interconnection chosen from the five options shown
in Figure 11 wiill be governed by the requirements of the
system.
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FIGURE 11 MEMORY INTERCONNECTION
CPTIONS -

Ihe FX2030 ralhills the requirements ot 5 tone selcalt
systems but is alsc compatible with other sequence
iengths. The hybrid is instructed when the sequence is
complete by code E in the memory as indicated.
Therefore if for example fourtones are required the fifth
location would be programmed with code E as shown
in exampie (v). Codes where two successive digits are
the same do not require special programming. As
illustrated in (i} 67899 is coded as normal but the
hybrid substitutes the repeat tone where necessary.

lustration () is the simplest interconnection pattern.

The outputs AQ, A1 and A2 wiil provide indentical
receive{Rx), transmit{Tx) and transpond {Tp) codes. An
example of the codes held in the memory to give a call
number 12345 would be:

Example (i) RAxcode 12345
Tx cade 12345
Tp code 12345

Memary iocation (binary) go1 o010 011 100 101 110
Rx/Tx/Tp code (hexadecimal) 1 2 3 4 5 E

In {i)) the Relay cutput is used as an input to the memory.
To programme 12345 as the receive code and 67898 for

. a calling number, the memory would contain:

Example(i) Rxcode 12345
Tx code 67899
Tp code 67889

Memory location {bin) 0001 C310.0011 C1Q0 40101 0110

Rx code (hex 1 2 3 4 5 £

Memory location (bin) 1001 101Q 1011 1100 1101 1110

Tx/Tp (hex) ] 7 a g =] E

The interconnection pattern in {ii} utilises A3 output. It is
used where the receiver code 12345 is automatically
transponded but a different number §738399 is needed
when the Transmit Enable button is pressed

Exampie(ii} Rx code 12345
Tx code 67829
Tp code 12345

Memary location {bin) 0001 0010 001t 0100 016t 0110
Rx/Tp code {hex) 1 2 3 4 5 E

Memory location (bin) 1001 1010 1011 1100 11071 1110
Tx code (hex) g 7 8 g g E

(iv) Should it be reqguired to tramnsmit (using Transmit
Enable)} the receive code as an identity, but an alternative
code when transponding then interconnection(iv) is used.

Example(iv) Rxcode 12345
Tx code 12345
Tp code 67899

Mermary location (biny 0CCt Q010 001t 0100 o141 Q110
RAx/Tx code (hex) 1 2 3 4 3 E

Memary location (him 1001 1Q10 1011 1100 1101 1110
Tp code (hex) 8 7 8 3 g E
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FIGURE 12 LOW POWER MEMORY

{v) Connecting the FX2030 to the memory as (v) will
give independent codes for receive, transmit and
ranspond. The five lines AQ to A4 are used to address
the memory. Four tone sequential codes are illustrated.

Fx code 1234
Tx code 6789
Tp code 4567

Example {v)

Memory focation (biry Qooot Qo100 0001t GO100 G001
Bx code (hex) 1 2 3 4 E

Memory iocation {biry) 01001 01910 01011 §1100 01101
Tx code {hex) & 7 a g E

Memory location (biny) 10001 10010 10011 10100 10107
Tp code thex) 4 5 & 7 E

Suitable memory types are fusible link PROM’s or U.V.
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FIGURE 14 ADDITIONAL CIRCUITRY TO ADD
LED DISPLAY DRIVER

Applications requiring minimum possible power can-
sumption can utilise a fusible link diode matrixand a 4-
16 line decoder where space allows, The arrangement
shown in Figure 12 has two independent five tone
codes programmed into the matrix '

APPLICATIONS

The FX2030 is designed to provide selcall encode/
decode facilities in application where both space and
power cansumption are prime considerations. Battery
powered equipments such as hand-held radios provide
an obvious example. Figure 13 shows the application of
the FX2030 in a transceiver. The output from the
demodulator is fed to the selcall signal input and the
Alert/Audio output is connected tg the audic ampiifier.
The Mute output can be used as an enable control.

A summing amplifier combines the microphone signals
with the FX2030 Tone output before passing to the
modulator. The transmitter section and aerial switching
can be contrelled by the Relay output combined with
the P.T.T. button.
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FIGURE 15 ENCODING A SINGLE STATUSDIGIT
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- FIGURE 16 APPLICATION TO PROVIDE TWO
VARIABLE TRANSMIT DIGITS

Figure 14 identifies the interconnection required to
add an FX313 display/driver to a system. The LED
displays data characters transmitted selectively to the
hybrid.

The circuit shown in Figure 15 details the changes
necessary to provide encoding of a single status digit.
A high level at the FX2030 data input will be due to the
effect of the pull-up resistor, while a low levelis derived
from forward biasing the diode.

The memory in this example has a 4-bit output, and
must give a valid logic level at the FX2030 data input
when the forward volt drop of the diode isincluded. The
gate decodes the state during transmit when the
memory data is F and enables the status switch. The
DpO-Dp3 data inputs will then be coded via the diodes
from the switch. The memory is programmed to decode
12245 as an address call number but o encede in
either transmit or transpond a sequence 673998
followed by the status digit. Tone B is used in this
instance to separate the 5-tone code from the status
information tone to avoeid aliasing selcall codes.

Figure 16 shows an efficient technique of enabling
selector switches during a transmit sequence. The
PROM is organised as an 8-bit cutput with 4 bits used
to carry the hexadecimal tone codes. The ‘common’
input of each switchis allccated tooneofthe remaining
memory outputs and is pulled low at the correct time by
programming logic O at that cutput. These are shown
as the hexadecimal codes E and D programmed into
the Tx/Tp code sequence.

The circuit schematic shawn is used to vary the {ast
two digits of a 5 tone code. All receivers on the network
would have the same first three digits, in this case
123XX. Upto 100 receivers could therefore be directly
called using twao selector switches.

The NOR gate shown in Figure 16 iilustrates a technique
for saving power. The FX2030 only requires to inspect
the PROM data during decoding or encoding. The
pawer dissipated at other times can be greatly reduced
by disahling the memory. The chip enable or select

11

INQUL IS tNerergre controled ny comeining the Helay
autput with the Data Change output from the FX2030.
The hybrid must always have logic levels applied at its
inputs and these are provided by the pull-up resistors
during standby.

INTERFACING AND ELECTRO-
MAGNETIC COMPATIBILITY

The FX2030 requires a clock of 560kHz which is
internally converted to logic level square waves. Con-
sideration should therefore be given to possible
interference problems with RF orlF circuitry caused by
560kHz or to its harmonics. Similarly the performance
of the device could be impaired if high levels of
radiated powerwere present near the high impedance
offered by the Signal input.

During the time that the audiois muted the transmission
gaie between the input and outputis disabled {pins 42
and 8). The impedance offered at the output is therefore
very high. When the muteisiifted the hybrid closes the
speech path with an impedance of typically 1k ohm.
The changes in the loading effects on circuitry and any
possible interference pick up from high impedances
should be considered when interfacing the FX2030
into a system.

HANDLING PRECAUTIONS

The FX2030 contains CMQOS LS! circuits which include
input protection circuitry. However, precautions should
be taken to prevent static discharges which can cause
damage.
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FIGURE 17 INTERNAL SCHEMATIC

MECHANICAL

The hybrid is constructed on ceramic substrates with
the chips and other discrete components added. The
chips are individuaily protected and the whole assembly
F~ is then coated to provide both mechanical.and environ-

[ ' mental protection. The -package outline is given in
I i j wi Figure 18.
= L
y Pin 1 is identified on the package outline of Figure 18
and a ‘1’ is printed on the top of the product.

NOTE:

- . CML does not assume any reponsibility for the use of
any circuitry described. No circuit patent licences are
implied and CML reserves the right at any time without
notice ta change said circuitry.

" FIGURE 18 PACKAGE OUTLINE
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Features

@ 15-Tone Selcall Decoder

9 Group Call and Data Capability
9 Excellent Noise Performance

3 4 Bit Data Output

?» Few External Components

R e e

R T

Publication D/003/4 February 1990

@ CCIR, ZVEIl, EEA, EIA Tone Sets
® u Processor Compatible

® High Dynamic Range

® Low Power CMOS

® On-Chip Oscillator Uses
Low-Cost Resonator

0L /P
POWER UP
RESET CONTROL TMER |— _
| GRCuITAY
| - FX003QC
L %
: ; FX003QZ
/7 GRAMMABLE COMPARISON
— I —— L IMITER C"S.?éé‘é?s?” PﬂgﬂESCALER CIRCUITRY
! FX003QE
TONE SET Bxa
MEMORY STORE DATA ‘
z=  FX003QA
u STROBE
Y A orP
PROBABILITY GUTPUT |
PRESCALER ANALYSIS ::> LATCHES :> Fx003 Q Z S
OUTPUTS
CLOCKS Q,-—Q,
05C. 1P
CLOCK -
S — »
GENERATOR P
23.333 kHz
gsc.oP ¥ Fig. 1 Internal Block Diagram
o D T™ o emm e . N .
~n2l oesornTich handshake routines with microprocessors and

The FX003 is a CMOS QTC (Quadradecimal
Tone Coding) tone decoder which may be
used to decode Selcall tones in accordance
with CCIR, ZVEI, EEA and ElA international
tone standards.

The FX003 detects an input frequency falling
within any of the fifteen tone channels
programmed on-chip and outputs the
hexadecimal tone number in 4-bit binary
code. When a tone is detected, its 4-bit code
is latched at the data outputs and a Data
Change is generated. Failure to qualify any
tone for a continuous period of 33 ms causes
the output to be set to ‘Notone’ (16th logic
state) and a Data Change strobe to be
generated.

A DATA CHANGE output signals each change
in the output code and can be used with the
HOLD/ACKNQWLEDGE input to establish

.other data processing logic.

A 'Power Up Reset’ {(PURS) routine ensures
all internal circuitry is correctly reset when
power is first applied to the device. Following
"PURS’ the FX003 generates HEX 'E’ (NO
DATA CHANGE) which in turn is followed by
a normal decode sequence.

The on-chip inverter may be used with a
resonator to provide the 560 kHz master
clock for the device, or an external clock may
be used. A divided down buffered 23.33 kHz
clock output is also provided for use with
other ‘03 devices and trimming of the

560 kHz resonator.

The FX003 is available in @ number of pin
compatible versions, each version
programmed in accordance with the
frequencies and bandwidths of a specified
QTC toneset.



Pin Description Function
{See Figure 2)
- - e Tt S "-‘-"'5
D.I.L Chip Carrier - -
FX003*| FX102K  FX202*K ; *QcC, QZ, QE, QA, Q7S
- . fsee Note A} =%}

1 2 T | 23,333 kHz Clock OfP: A 23,333 kHz buffered squarewave lagic output
directly derived from the oscillator frequency {nominally 560.0 kHz). May
be used for auxiliary functions e.q. 560 kHz resonator trimming,external
timing of received tone periods and for other '03 family products.

2 4 - Xtal: Output from on-chip inverter.

3 6 — Xtal/Clock: Input to on-chip inverter may be used in conjunction with Xtal
0Q/P and 560 kHz resonator or as a buffered input for an external clock
{nominally 560.0 kHz}.

4 10 5 VSS: Negative supply.

5 —_ 8 Hold I/P: Active when at VSS. If hold is taken to VSS when the input tone
changes it latches the next data change pulse at logic 1 until the Hold is
returned to VDD. This facilitates Interrupt/Handshake routines for micro-
processors when used in conjunction with the Data Change O/P. Tie to
VDD if not used.

] — 9 Power Up Reset: A logic 1 level of at least 1 ms duration is required at
this pin to reset internal circuitry on power-up. For slow-rising power
supplies increase the time constant of the components shown accordingly. |

|
7816 1 3 1 2 3 Internaily Connected/Open Circuit: Should be left open circuit.
7 8 6 710
11 12 11 13 i
14 15 14 15
16 18 18 20
20 21 23 24
22 23 26 28 :
25 27 '
8 — 16 . Data Change: A pulse is generated at this pin shortly after detection of a !
. tone and new data being presented at the Q, — Q, outputs (see Figure 5
. Timing Diagram}.
g — 22 Q, | Data Outputs: A 4-bit word which
10 ' Q, | is output after a successful decode _
11 . Q, | and represents the Hex code for the i
12 - Qq decoded tone frequency. :
13 19 25 t ypD: Positive Supply.
14 24 - Signal Input: Audio selcall tones are a.c. coupled to this pin via a i
. capacitor. D.C. bias of the internal high gain limiter is set up by connecting
i this pin via a resistor to the bias pin. ;
5
15 26 — . Signal Bias: These pins should not be loaded with any other circuitry. ‘
—_ — 3 ; 93.333 kHz Osc /P 7] FX102K/FX202*K: Interchip cannections.
- 13 - f 93.333 kHz Osc O/P. | These pins should not be loaded with any external
— — 27 ! Logic Signal I/P. circuitry.
- 17 - i Logic Signal Q/P FX003*D.L.L: internally connected.

4 Note A:
. A FXI02K and FX202*K are sold as & pair, and represent the

S2me circuit function as the FX003* D.1. L. device.



EXTERNAL COMPONENT CONNECTIONS

{23.333 kHz)
CLOCK O/P -——1 ~ 6] ¢
XTAL --——12 15 SIGNAL BIAS
See Fig. 4 22 M |
XTAL/CLOCK —»—3 14 — —=—sIGNAL I/P
VSS P 4 FX003 13 _j;DD o 1"
M FOLD I/P
—— 5 12b—»Q,
PUR
voo T 6 /0, OUTPUTS
10n ol7 10 0 (Hexadecimal Code}
DATA CHANGE
STROBE O/P % 8 3 >Q,

Fig. 2 Dual-In-Line .

* QC, QZ QF QA 0ZS
& No connection. Do not tie.

O In recommended value for C, Z, £ and ZS versions.
2.2n recommended value for the A version.

INTERCONNECTION OF FX102K AND FX202*K

AND EXTERNAL COMPONENTS

+ VE SUPPLY)
Cn vBD{+ VES

SIGNAL -y, l
INPUT

Z3.333 kHz

¥ o
XTAL
VRS

See Fig. 4

CHIP CARAIERS VIEWED FROM ABOVE
LONG FAD [UNDERSIDE! DENQTES PAD 1.

Fig. 3 Chip Carrier

o
- - -
- = -
- (=g

=
=

Tone Frequencies (fg) in Hz

003QA 0g30C 003QE
(E1A) (CCIR) (EEA)
600 1981 1981
741 1124 1124
882 1197 1197
1023 1275 1275
1164 1358 1358
1305 1446 1446
1445 1540 © 1540
1587 1640 1640
1728 1747 1747
1869 1860 1860
2151 2400 1055
2433 930 930
2010 2247 2247
2292 991 o2 B
453 2110 2110

NOTONE NOTONE NQTONE

06302
{ZVEl

2400
1060
1160
1270
1400
1530
1670
1830
2000
2200
2800

810

970

886
2600

NOTONE

003025
{ZVEI-S)

2400
1060
1160
1270
1400
1530
1670
1830
2000
2200
886
810
740
680
970

NOTONE

FX003*
(FX102K)

INTEANAL INVERTER

I 4 L
T

Fig. 4 560 kHz Resonator Circuit

Qutput Code QTe
Q, Q, Q, Q, Format
Character
Q 0 0 .0 0
0 0 0 1 1
0 1] 1 0 .
0 0 1 1 3
0 1 ] 0 4
0 b 0 1 5
0 1 1 0 6
b} 1 1 1 7
1 0 0 0 8
1 g J 1 9
1 1] 1 0 A
1 0 1 1 B
1 1 0 I C
1 1 0 1 D
1 1 1 4] E
1 1 1 1 F



Specification
Absolute Maximum Ratings

Exceeding the maximum rating can result in device damage. Operation of the device outside the operating limits is
not implied.

Supply valtage

Input voitage at any pin {ref VSS = QV]
Output sink/source current {total}
Operating temperature range: FX003*

FX102K/FX202K”

Storage temperature: FX003*

FX102K/FX202*

Maximum device dissipation

Operating Limits

VDD = 5V, Ty = 25°C, § = 560kHz, A Q = 0.
All characteristics measured using the standard test circuit with the following test parameters, and is valid for all
tones unless otherwise stated: —

b
I

*QC, Z, QF, QA, QZ5

—-0.3V to 7.0V
—0.3V to (VDD + 0.3V)
20mA

—30°C to +85°C
—55°C to 125°C
100mwW

Characteristic See Note Min Typ Max Unit
Static Characteristics .
Supply voltage (VSS = QV) 3.3 5.0 5.5 v
Supply current 500 HA
Logic ‘1" output | source = 0.1 mA 1 4.5 V
Logic ‘0" output ! sink = 0.1 mA 1 0.5 A%
Logic ‘1" input Level 2 35 vV
Logic ‘0 input level 2 1.5 v
Dynamic Characteristics
Signal input range 3 0.1 vDD Vpk-pk
Decode Bandwidth {P2> 0.935) 4
QA 43 20 *Hz
ac 4b 1 =%
QE 4c 1 =%
Qz/QZSs 4d 2 *=%
Not-decode bandwidth (P< 0.03)
QA 5 60 +Hz
QcC 5 3 +%
QE 5 3 =%
QzZ/Q7zs 5 4.5 +%
Noise response rate (hours per F~ F—~F
single character response
with no input tone). QA 6 0.15 Hour
ac & 40.0 Hour
QE 6 40.0 Hour
QZ/QzZs 6 1.0 Hour
Decode response time:
Notone to tone (F—~ F) 7 20 25 Tp ms
Tone to notone, T, {(F—~ F} 7 33 53 ms
Min. intertone gap for ‘'F 8 15 28 ms

Notes

7 Refates to output pins 1, 8, $-12.
2. Relates to input pins 5 and 6.

3 A.C. coupled, sine/squarewave.

4.

With minirum tone period (Tp) specified
for toneset. P = decode probability:

{a}, (¢} SNR 3dB
fb), (d) SNR 0dB

5.

7

8.

All conditions of input SNR and amplitude with

maximurmn Tp specified for toneset.

Gaussian input noise, bandwidth 6kHz, maximurn
input level corresponds to 1-digit code falsing rate.

F = random single character.

Delay frorn change of input (tane applied/rernoved) to

change at g,- Q,outputs (see fig. 5).

Included in T,. Minimum tone gap requiremnent for

‘notone’ recagnition. Qutouts = F after delay.
{see fig. 5).



HOLO

Jyoo—L g T
PUR i L T g
I P 1
NPT .NOTONE_'P_:\_ﬁ TONE 1 X TONE 2 :%i TONEN )&
1 5
———— ! — I ! { L] T‘ J
Q _ ___ ]'C _5C_...'i')( X, ﬁ{ X
o T I XXX X X —X
0,2 272 XX - = X
i o X ¥ X
P! | I
DATA 'L-Tl’s ; fi‘ rL DATA 1 E DATAZ E DATA N E F
3 gy T ' :
T, T, . t i
DATA CHANGE ﬂ i [ To _"I l I §J_L !I |
' i 1 To § §

Fig. 5§ FX003* Timing Diagram (See References)

Typical Pericrmancs
References:

T, Logic1, >2ms

T,>3ms& <5 ms

7,33 ms (DATA E}

7. 20 ms minimum (Tp MAXIMUM)

7.0.5ms — 1.0 ms (DATA CHANGE]
7. 1.0 ms (DATA CHANGE PULSE DURATION)

T, >80 ps
Te < 7120 us

T @, — a, will represent the input frequency present
during and after PUR (shown as *F’ (Natonel in this

example).

41 After application of HOLD the next Data Change pufse
will stay high until HOLD is removed according to

timing shown.

NOT DRAWN TQO SCALE

*QC, QZ Qf QA QZs



Paciage Cutlines Handiing Precautions

The ceramic dual-in-line package of the FX003 The FX003 is a CMOS LSt circuit which

is shown in Figure 6 and the chip carrier version  includes input protection. However,

shown in Figure 7. For the D.I.L. package, the precautions should be taken to prevent static
pins number counter-clockwise (top view) from 1 discharges which can cause damage.

with reference to a notch as a guidance. For

the chip carrier package, pins number counter-

clockwise (viewed from above} from the long

pad {pad 1).

Sia. 5 FE =S ~ 7y o
=g 8 FXLC3® DL, Package Fig. 7 FXT02K/Z02%X Chip Carrier Fackage
inches rm, inches mm.

A ¢80 20.32 A 045 1.4
B 0.59 15.00 B 0.41 104
€ 077 18.58 C o4 10.4
D an .79 0 0.45 17.4
E a0 0.25 E 0.06 1.5
F 4.30 T2 F 0.06 1.5
G 4.70 7.08 G 005 13
H 0.10 254 H Q.02 7.051
1 0.018 .25 [ t at 254
4 0155 3.34 4 JOENT

- —

1
_LUJ_HH]H It

i
I
ol fem

iy T
[
1

*Qc, QZ Q& QA 0725

B i T e * VERSIONS
QC :CCIR
FX003* 16-pin Ceramic D.LL. gﬁ Egi'
FX102K 28-pad C ic Chip Carrier '
pad Ceramic Chip QA -+ EIA

FX202*K 28-pad Ceramic Chip Carrier _
P ‘e LhiP QZS : Suppressed ZVE]

Note: FXT02K & FX202*K are available in pairs only.

CML. does not assume any responsihility for the use of any cireuitry descried. No circuit patent licences are impiied
and CML reserves the right at any tme without notce ta change the said circuitry.

" 'WHEATON ROAD - INDUSTRIAL™ ESTATE EAST:
WITHAM - ESSEX CM8 3TD '

" - CONSUMER MICROCIRCUIS EIMITED =

; © 1990 Consumer M:crocnrcunts L!rmted =
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, © FX202C-k
1! FX202Z-K

FX103-K
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FX503C-k
FX503Z-k
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FEATURES

*

* SMALL PHYSICAL SIZE WIDE TEMPERATURE RANGE
#* ¢ SUFFIX DEVICES TUNED Tg CCIR TONESET HERMETICALLY SEALED PACKAGE
* Z SUFFIX DEVICES TUNED TQ ZVEX TONESET +* LOW POWER CMOS PROCESS

*

GENERAL DESCRIPTION

FX003 PRODUCTS PACKAGED IN LEADLESS CHIP CARRIERS.

Products from the FX'03 range are available packaged in leadless chip
carriers. This form of packaging can result in a greatly increased packing density.

The ceramic leadless chip carrier provides a high level of package
hermeticity and wide operating and storage temperature ranges.



DESCRIPTION

The circuit function and electrical specification of leadless chip
carrier products are identical to the dual-in-line product information with the
following exceptions: :

a) The FX003 tone decoder comprises two discrete LSI chips which
are each packaged in a chip carrier. Both packages are required
for a complete tone decoder, and are available to decode the
CCIR or the ZVEI range of signalling tones. The product codes
for a CCIR decoder are an FX102-K together with an FX202QC-X
and for a ZVEI device are FX102-K and FX202QZ-K. The inter-
connection and external components of the two chip carriers
are given in diagram 2.

The supply current taken by the FX102 and FX202 combined is
typically 1200pA at 5 volts supply.

b} All chip carrier products are specified for operation over
supply voltage range 4.5V to 6V.

INTERCCNNECTICN OF FX1072-K AND FX202K
AND TXTTRNAL COMDONENTS

2n2 VDB +VE SUPPLY}

ke

INTEB.BALL‘! GaNRECTED
PEN ez
A 3

‘13 333kHx

Fi1G.2

iGnF

-VES(-VE SUPPLY

7 {Tie ro VDD

if nor reguired.
¢YI? CRARIERS VIEWED FROM ABOVE
LONG PAD {UNDERSICZ) DENQTES PAD 1.

Methods of Attachment.

W oy

Leadless chip carriers may be attached by reflow soldering techniques.
A typical reflow temperature would bhe 210°C and the molten solder tends to align
the chip carrier over the solder pads on the substrate. The ideal substrate
materizl is ceramic because it has a coefficient of linear expansion very closely
matched to that of the carrier. Epoxy glass printed circuit boards can be used
but the unmatched expansion coefficients lead to strain on the solder joints during

‘cooling.

Care should be tazken when handling any CMOS product to minimise the
possibility of the static electrical discharge into the input pins.

VDD (+VE SUPPLY)

|.__-.
-
F— typical
ica
INPUT — . yp
10 i input
NOMINAL h— circuit
VSS(-VE
SUPPLY)

During storage the devices should be protected from static charges by
backaring in conductive foam or storage in metal trays.’



PIN DATA

pan|  FX102-K g;gggg:g FX103-K FX313-K FX403-K ggggg:i
1 N/C N/C Data Chng.I/H vDD (+) Data Chng.I/P| Tone 0O/P
2 {23.333kHz I/P N/C PUR I/P D0 1/P PUR 1/P Tp O/P
3 N/C 93.333kHz I/P| Vss (-) D1 1I/P vss (-) 0/P Bias I/P
4 Osc. Bias N/C Alert R/S I/P| D2 I/P Audio R/S 1/P N/C
5 N/C vss{-) Dec.Abort I/P| D3 I/P Decode I/P |Enable I/P
6 Ose. I/P N/C Preamble I/P {Data Chng.IL/P |Tp. mode I/P N/C
7 N/C N/C Alert O/P 23.333kHz I/P |Audio O/P N/C
8 N/C Hold I/P 23.333kHz I/P| PUR L/P 23.333kH2 I/P |Data Chng.I/P
9 N/C PUR I/P Qp o/p Load En. I/P |Inc.Add. I/P {Auto R I/P
10 | vss (-) N/C QL o/pP Display I/P |Load O/P N/C
11 N/C N/C qz o/p New Data 0/P | Q0 O/P N/C
12 N/C N/C Q3 o/P B Invalid I/P| Q1 o/P N/C
13 |93.333kHz O/P N/C Q4 0/P overflow 0/P | Q2 o/P N/C
14 N/C N/C Q5 o/P vss (-) Q3 o/P XTC/QTC I/P
15 N/C N/C Dio I/P Digit 1 Q/P DpO I/P Vss (-)
16 N/C Data Chng.0/P{ D11 I/P Digit 2 O/P Dpl I/P N/C
17 |Logic sig.0/P] Q3 O/P D12 I/P Digit 3 O/p Dp2 1I/P D0 I/P
18 N/C N/C D13 I/P Digit &4 Q/P Dp3 1I/P DL 1I/P
19 vdd (+) Q2 o/p Group '0'I/P|Digit 5 O/P |Tx Relay O/P | D2 I/P
20 N/C N/C A.C.I. I/P |Digit 6 O/P |Tx Enable I/P| D3 I/P
21 N/C Q1 o/p Mute Q/P Digit 7 Q/P Mute O/P N/é
22 N/C Q0 o/p Mute R/S 1/P|Segment g O/P| Mute R/S I/P N/C
23 N/C N/C vdd (+) Segment f 0/P| Vvdd (+) N/c
24 [Signal I/P N/C Datz Flag O/P|Segment e O/P |Data Flag O/P {Character L/
25 N/C vdd (+) Do 1/P Segment d O/P | DO I/P N/C
26 {Signal Bias N/C DL 1/P Segment ¢ O/P | D1 I/P Clock I/P
27 N/C Logic sig.I1/P| D2 I/P Segment b 0/P | D2 1/P Clock 0O/P
28 }{Internal Vvdd N/C D3 I/p Segment a 0/P | D3 I/P vdd (+)

CML DOES NOT ASSUME ANY RESPONSIBILITY FOR THE USE OF ANY CIRCUITRY DESCRIBED. NO CIRCUIT PATENT
LICENCES ARE IMPLIED AND CML RESERVES THE RIGHT AT ANY TIME WITHOUT NOTICE TG CHANGE SA{D CIRCUITR®
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BABSOLUTE MAXIMUM RATINGS
- —

: - Standard-Value:F=3%
—————tUnit
4 teand E 2 omine B mady frags
oply Voltage for Logic Vee—Vss -0.3 \d
Lopiy Voltage for LCD Drive Vee—Vee Vee—135 v Input “Low™ Valtage
“zut Valtage I —g3 lvee+03| ¥ Cutput “High™ Voltage
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T 1
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A e e >
- Instruction FNARLL Frecute”
R B R/w[ns'{lnss D85{084! DB3 I i .7'_“_,'.";"(_".‘31‘:},
Clear Display a iy a 0 a 0 i} i} 0 | |Clears ail dispiay and returns the cursor to the home position(Address 0). 1.64mS
Returns the cursor o the home position{Address 0). Also returns the display being
Cursor At Hame | g 0 a ¢ a a a Y E * | chifted to the original position. DDRAM contents remain unchanged. 1.64m3
. Sets the cursor move divection and specifies or not ta shift the display. These operabl
E_ntry Mode Set o a a afo a 0 i 11/D}.8 These aperations are performed during data write and read. 40uS
' Display On/0H Sets ON/OFF af ail display(D} cursar ONJOFF (C). and biink of cursar position charact
! Cantrai 000y apapoe) 1D S| B haracteda). 4043
g;’;ﬁd Display ciojaoalajolt S/Ci R/LI % | # |Moves the cursor and shifts the display without changing DDRAM contents. 40uS
B 1 1
. Function Set [ ; 0 i alal 1oLl 81 F) % | % |Sets inteface data length(DL} aumber of display fines{L) and character font{F). 40uS
gStRAM Address 0 i a ! gl Aca Sets the CGRAM address. CGRAM data is sent and received after this setting. a0us
‘ thRAM Address 0 l a l ! Aoo Sets the DORAM address. DDRAM data is sent and received after this setting 4045
1= ! i
, Busy Flag/ Reads Busy §iag{FB} indicating internal operation is being performed and reads
i Address Read g ! ' ‘, 8F AC address counter contents. 05
'CGRAM/DDRAM ! i ; f
| Writes data intc DORAM or CGRAM.
Data Write E o ! Waire Dara s 4003
CGRAM/DDRAM ] - p
e Pl [ Reas Dara Reads data from DDRAM or CGRAM. 4045
. Cods P - Deseription [ Eaguute Time{max)
1/0=L:Inrement DL=0:4-bit i DORAM: Display Data RAM ‘ fon o fosc= 250KHZ
¥D=0: Qecremm: N=1:1/160uy ; CGRAM :.Cnar‘acner Generator HAM Fowever. when fréd changes.
5=1:With dispiay sTft N=0-!/80uty, 1/11Duty H ACG  (CGRAM Address exicunon time olsa GhaNges
$/C=1:Dhisolay shift F=1:5< |Qdots j ADQ  :DDRAM Aadress Corresponas o
S/C=190:Cursor mouernant EF=0:5. Tdots ] cursor address. | o N
RéL=|:5hift 1 the rigm 8F = | :internal aperanon is being performea 1 AC  iAddress Counter, used for both Wrien fro or fose=27MHz
R/L=0:Shift to the leit BF =0: Instruction acceptable DORAM and CGRAM 250
OL=1:8-bit } ® fvalid e 27 365

FONT -TABLE(5x11Dots,

¥ CGRAM:Character pattern area can be
rewntten by program.
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DMC Series --

G0 —— ]

TIMING CHART

i £ Symbol 1. Gongition [
Enable Cycle Time TevcE Figs.1.2 1000
Enahie Pulse Width, High Level PWen Figs.£.2 450
Enable Rise and [ecay Time ter, tes Figs.i.2 _— !
Address Setup Time, RS, R/W~E " tas Figs.l.2 140 _ —_ ns ‘
Data Detay Time tooa Fig.z e — 320 nﬁ
Data Setup Time tosw Fig-1 195 e —— ns i
Data Hold Time 5 Fig.d 0 | — | —— [ .
BData Hold Time tons Fig.2 20 —— _— ns |
Address Hold Time tan Figs.!.2 10 —_ — s |

B Vee=5.0V = 10%. GND=0Y, Te=—20~+757C

FIG.1 WRITE OPERATION

{In case control L3I is HDA44780}

FIG.2 READ OPERATION

As Vi Vi fg ViHL Vini
| Vi Vi Vit Vw1
[ 1
tAs—} """{ T A5 ——and I-:"—g
RW Vil Wiy
Vi ] YiLe A/w / } F
i————PWF_H—D-I} el Wl tanl
g N
E Vin tEf ' / E Vi Ving /
Vit - F i, VL 14 Vnu_- 3{ ticy £
1Er ! L] [ i jtond ]
NICTAY, X Vi P ] {
DBa--D87 % Vali BBa~ ony N { Vs
Viu dhafad  Avm o~08s Vou /3 vaiia Dats m
Leyrr:

{Write Datz from MPU ta MOQULE}

{Read Data from MOOULE TG MPU)

PIN ASSIGNMENT

MIn the data bus line, data transfer is performed two times

by the 4-bit or one time by the 8-bit in order to interface
with 4-bit or 8-bit MPU,

Wi case interface data length is 4-bit. the data is transferred

| by using only four buses of DB4—~DB7 and the buses Qf
DBO—DB3 are not used. The data transfer to MPU is

completed by transferring the data of 4-bits twice. Transfer
of upper four bits and low four bits is performed in sequence.

Win case interface data length is 8-pit, data transfer is
performed by using eight buses of DBO~DB7.

Note:Please refer p. 63—64 for pin assignment of DMC 40457

;F‘%n NO.I Symbol [ LevelJ Function
o Ves | — :, OVIGND}
Pz } Voo : —— i Power Supply l —BY
3 i Ve | —— for Liquid Crystai Orive !
. s : " Register H:Data fn.our i
‘ . Select L:lnstruction Input
L | H:Data Read (Madule—MPU)
1 : R : WL L:Data Write{Madule—MPU)
6 { £ ' ., H—L { Enable Signal(No pull-up Resistor}
7 pea | WA
{8 D8t | H/A
39 D8z | HA
1@ 083 | R
T cEs | AL Data Hus Line
.12 DS | WA .
3] o088 | AL
14 | pa7 AL

ang DMC40401N.
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%In case control LSI is HD44780

POWER SUPPLY RESET

|
!
i
i
I
i
i
|

Vss

The internal reset circuit will not be correctly operated,
when the following power supply condition is not satisfied.
In this case, please perform initial setting according to
the instruction.

uri Standard Vzlue
Item Symbal g;:.;f’:g Uniit

1tia min, | tyg, | max.
Pawer Supply Rise Time | trec -— 0.t — I3 ! mS
Power Supply OFF Time ] toff —_— i — | —§ims

o.2v

I
trce |

G.ImS<Strcc<10mS

toff 2 1mS

Note: The item toff cefines the time when the power Suoply is off, when the power
supply shuts cown mementaniy or repeats on-off Siate.

RESET FUNCTION

@ inilializing by Internal Reset Circuit

The HD447380 automatically initializes (resets) when power is tuned
on using the intemal reset circuit. The following instructions are
executed in initialization. The busy flag (BF) is kept in busy state
until initialization ends. (BF =1} The busy state is 10ms after Veo

rises to 4.5V.

(1) Dispiay clear

(2)Function ser
DL=1" 8bit long interface data
DL=Q:4bit F=0':@5X7dot character font
N=1:1/16Duty
N=0:1/8Duty, 1/11 Duty
{3)Display ON/OFF caontrof
D=0 Display OFF C=0: Cursor OFF EB=0! Blink OFF
(S Entry mode set
/D=1 Flincremerty S=0 . No shift

i Note . When congitions in “Power Suppiy Conqitons Usivg internal Feset Circuit”

are nat met. e nternal reser cucut with not cperale nomasty and lnfﬂgl:zanm
wall mat be performed. In this case imtalize by MPU according o “Trstializing oy
Instruchon”,

® Initiglizing by Instruction

if the power supply coaditions for cormectly operating the intemal
reset circuit are not met, initialization by instruction is required.
Use the followjng procedwe for initialization.

T

When mitedface is 8 bits iong.

[ Wad Mure (hn 15ma aher Voo rAses w85V i

BF cannot D Checaeqg beicre Tes ninChon:

ﬁs R/w Gl Dfie Dy DBa B3 083 U6 afoJ b= et tovertace x5 2 ts g

¥ 00 1 3+ e = W

‘ Wad mose an 4 Lo l

BF canndr De chached Défore (s ssiruChon

RS Fisw 07 0B Gy GBa U3 Oz OBt caal : Sot immgriace v B es ong
l 2 . hiaad

8 9 9 1 4 = W &
I

( Wae Lo muce than 1500n |

G5 W DB 08 0By 08 01 UB 5o U8e
7 3 ¢ 1 > ® ow =

BF Lawdl De (hecrusd Delore tas nstutoon
Fmojer 2% otertace 4 3 ons s

BF car o8 thecked amer T MiCmeng msiruchaons,
Whan 5F 3 nor ChecRec. T wailing frme Caoween
UTEILOOONS 5 ONGer a0 Ine execunda’ Tso.coon
wre ¢ 5es dade 435

o, 3o 5 2tw15 ong Socoty Inr mueet
5 Fr# DB B 551 G5 S5y 2By 05y 80 E racier bort, Tre momcer o7 rscay
2 8 a9 3 - " = = nes 2 -acler "ACT CANTQT J¢ CRAPSEC A'erwmaras
T3 T 9 9 T i 3 wrSlady
a9 1 a2 2 F 3 31 9 %3 == P
e 3 g 49 3 1 r t D 5 Srery Moce Set

i
-
trtiaazapoun ennsg

Forpear O When interface is 4bits long.
b

i

| mad more han 15my Wher voc rves o 4.5V ;
H

3F cannot DE crecee? SefOre (Rey nsiuCion
Fumid 287 ~tha o Al wang

Wt fr more man 1S

OF ~arech e Tren et CuMae Mhs NSFLCHON
anrer o e At s

SF ran De TECesd i Y DG NITCTIONS
When 5 3 UCr CrecARS. Ne wkbng (8 cotasen

S5 3w I3: 8. L8+ LB FanCtor Set Sen Sretace Uose 3RS g olerhace
a 7 2 s Booy angm
L) ) 3 Factor 2 -iectace 3 dois onf Sorcty e
3 9 s . = ELes L TADEY et R SN for
The AT 0 DeDay wes oeg caracier ot Ca
1 3 3 : M 2 aE AT TET ATevaann
L. I T | Sacree 55
3 3 3 ) 3 3
2 1 3 [ b3 ' Tescray 2™
[ N
a P N [ Ers-p et 3ot

A
bulansates s
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EXAMPLE OF POWER SUPPLY

DMC Module (Standards)

In case of extended temperature version

(o] Q o) Q
141312 -ovene 121 1413 comree 32
ofAR _ /ARA . o o Af a
0 GND ——() GND
8 L3
- Vg g
0o+ g —3 +5V
® >
=2 VR Il0kQ ~20KQ %
~Tv

#NOTEWhen e voitage of Yee is different from the recornmended voitags, the viewing angle may be changed.

(A) 1/8Duty—1/4Bias

# Examples of Temperature Compensation Circuits for Extended Temp Type.(Only for reference)

{8) 1/16Duty—1/58ias

#500CACAI0TI WE D 1 iy miPoud TCE

Vee Ve ,
Rih R Module eguivaienty | Reh fp Motule equivaient| | Rth Rp
; ® Vol RL %ilna: } aL Sl ) RL
s —t 2 g
= . o
Module Module Muoduie
Rz Rm
Vee Ve
Fig, 1 vz Fig. 2 Fg. 2
ThermustorReh{2sC) =15>:k-e:i'n'n]. @-Jzﬂﬂ_[i(] . ThermistorRthiZSC) =15 kgl |, B=4z00{ K]
Resistors Rp=30(k-chm; Rs=g 8(%-chm} Rm=3.3[k-onhmi Repistors :Rp=510{kghm], Rs=8.2{k giant), Rem=1. 9 k-otunj
Tranmstor :PNP Type Tranusior :PNP Type _
Veer+ov, Ves:iv  iLoyic Supplyl Ver:=3v Vssi0v  cLoge Supplyr
Vz -—3{Vi(—-7.80 —3.2]V)} Vz -—ugv]t-w.ns to —1L.27T5/%])
VeeC VziV]. Re= (Ve—Veel /57 .ohm} Vec< ¥z V). Re=1Vz—Veer /5! k-ohai
Fo=30 [k-chm] -—-I Mo cuve Tal'c Yo.¥ Ro=510 {k-onm; —--———E Nosrwak cyrva | TUCE vovl |
SswR8 ko o 1o svalanie —m E55 Redarercs Fa=a2 KON w0 g avavarie . 20§ WOL L
Ar=133 T-prm) wea _—
- ———— -10 £.57 0 i -wm 1 saa
L
Nusmernc Qe a 643 ' o AED -
_ ™
1 £25 s . W am
L : = 8= LA H 20 Bes
Va.v: = s& a x 48
0 587 : 4@ an
—_— J—
1 omiasCl =15 ket sa 2e7 Fh(25°C) = 15 -onen] N e T
T assEo &3 523 ‘I: B=«20ix] : i) 753
ai ; ; . i o m 58 L A AN C . m r:
—ag -z a 24 20 eyl 5G 00 -4 -9 3 20 ) &0 ES 1)
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