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SUMMARY

This thesis describes the development of a 5-Tone Zentral

Verband Electrotechische Industrie eZVEI) Encoder

Analyser. The 5-Tone ZVEI 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 assists the Quality Assurance Technician in determining

whether the 5 tone ZVEI encoder, of the radio under test,

is operating within the manufacturers specifications.

Various manufacturers of radio equipment tender for the

supply of mobile radios fitted with ZVEI tone

The Radio Section are now capable of testing

encoders.

all the

various radios and comparing the analysed ZVEI

specifications of each manufacturer's radio. The results

can be used to assist management in deciding which radio

would be the most suitable for purchasing.

The development of the 5-Tone ZVEI 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 Analyser Model R-2001C. The RF output, from the

radio under test, connects to the RF input of the

Communications System Analyser. The demodulated output of

the Communications System Analyser connects to the input

of the 5-Tone ZVEI Encoder Analyser.
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The softwa~e was designed using PLM-51 high level language

to p~ovide ~eal-time analysis of va~ious selective-calls

(selcalls) ~eceived f~om the demodulated output of the

Communications System Analyser. Once all 5 tones of the

ZVEI selcall have been analysed the software background

task is flagged and the analysed results a~e displayed as

various MODES of display on a 16 cha~acte~ by 4 line dot

matrix display.

The following parameters of the ZVEI selcall a~e analysed:

i) Frequency Digits.

ii) Frequency fo~ each of the 5 tones.

iii) Tone Duration for each of the 5 tones.

iv) Frequency Error for the 5 tones.

v) Tone Duration Er~or for the 5 tones.

The design and development of the 5-Tone ZVEI Encode~

Analyser was conducted at the Computer Section of the

Electricity Depa~tment, Cape Town City Council.
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OPSOMMING

Hierdie skripsie beskryf die ontwerp en ontwikkeling van

n 5-Sein Zentral Verband Electrotechische Industrie

(ZVEI) Enkodeerder Ontleedtoestel. Die Toets en Meet

Afdeling van die Elektrisiteits Afdeling van die

Kaapstadse Stadsraad het n 5-Sein ZVEI Enkodeerder

Ontleedtoestel benodig vir gebruik in hul Radio Afdeling.

Die Kwalititeitsversekeringstegnici moet die toestel

gebruik om te verseker dat die 5 Sein ZVEI enkodeerders,

van die radios wat getoets word, aan die vervaardiger se

spesifikasies voldoen.

Verskeie radio vervaardigers doen aansoek om mobiele

radios, toegerus met ZVEI 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 van verskillende

vervaardigers. Die ontledings word op bestuursvlak gebruik

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

Die ontwikkeling van die 5-Sein ZVEI Enkodeerder Ontleed­

toestel het die ontwerp en ontwikkeling van apparatuur

sowel as programmatuur behels. Die apparatuur is ontwerp

om in n kompakte verpakking te pas, en dien as koppelvlak

na die " Motorola Communications System Analyser

R-2~~1C.
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Die toets-radio se RF uittree-poort word gekoppel aan die

" Communications System Analyser .. se RF toevoer-poort.

Die ., Communications System Analyser "se gedemoduleerde

uittree-poort dien as toevoer vir die 5-Sein ZVEI

Enkodeerder Ontleed-toestel.

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

taal geskryf vir intydse ontleding van verskillende

selektiewe oproepe ontvang, vanaf die "Communications

System Analyser se gedemoduleerde uittree-poort. Na

die ontleding van al 5 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

matriks vertoonkonsole.

'n 16 karakter by 4 lyn punt-

Die volgende parameters van die ZVEI selektiewe oproep

word ontleed:

i) Frekwensie Syfers.

ii) Frekwensie van afsonderlike 5 seine.

iii) Sein Lengte van afsonderlike 5 seine.

iv) Fout in Frekwensie van die 5 seine.

v) Fout in Sein Lengte van die 5 seine.

Die 5-Sein ZVEI Enkodeerder Ontleed-toestel is ont.... ikkel

en ont....erp in die Rekenaar Afdeling van die Elektrisiteits

Afdeling van die Kaapstadse Stadsraad.
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OBJECTIVES

The objectives of this ~esea~ch was to accomplish the

following:

il To develop a 5-Tone ZVEI Encode~ Analyse~.

ii) To interface the 5-Tone ZVEI Encode~ Analyse~ to an

existing Communications System Analyse~.

iiil To analyse a 5-tone ZVEI encoded signal as ~egards:

* The decoding of the encoded 5-Tone ZVEI Signal.

* The F~equency fo~ each of the five tones.

* The F~equency E~ro~ fo~ each of the five tones.

* The Tone Du~ation fo~ each of the five tones.

* The Tone Du~ation E~~o~ fo~ each of the five

tones.

ivl To apply the PLM-51 Compile~ as a development tool.

vl To decide on which Mic~op~ocesso~ would be the most

suitable.
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1. INTRODUCTION

1.1 General

Tone signalling methods and their performance

recommendations have, as with the radio frequency channel

specifications, grown around known device characteristics.

The high cost of introducing 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(6) forms a part.

The Zentral Verband Electrotechische Industrie (ZVEI) 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 unique frequency representing a decimal

digit. The duration for each of the 5 tones is 7~ milli-

seconds. This type of system enables selective calling,

which is the transmission of a signal train enabling a

predetermined station or a group of stations to be called

exclusively.
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1.2 Discussion of Signalling Systems

1.2.1 Selective-Calling Systems

Sequential tone signalling was implemented to give the

mobile user a selective-call (selcall) facility and an

automatic form of identification. Selective-calling has

been most useful to remove the burden of continuous

channel monitoring for otherwise occupied personnel.

Various sequential tone signalling methods have been

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.

System CCIR DIVEI ZVEI EEA EIA

Frequency range Hz 1124-2111ZJ 950-24IZJIZJ llZJ60-261ZJ12l 11ZJ55-2111ZJ 459-1869
Frequencies defined 11 11 11 12 11
Frequency separation 6"1. U'-I. 11ZJ"1. 6"1. 4511Hz
Tones transmitted
(sequentially) 5 5 5 5 5
Address capacity 1IZJs 1IZJs 1IZJs 11ZJ; 10"
Call duration 5IZJIZJms 351ZJms 351ZJms 200ms 165ms
Max calling rate/min 43 122 122 2IZJIZJ 286
Frequency stability =4Hz ! 1. 5"1. :!: 1.5f. ±1Y. ±lHz
Modulation index 71ZJ"1. 71ZJ"1. 71ZJ"1. 50-9IZJ"1. 71ZJ"1.

TABLE 1.1 Tone Signalling Systems Specifications(5)

Euro Pyecall CTCSS DT!"F
System Signal (EIA) (EIA) Swedish Tones

Frequency range Hz 313.3 - 33IZJ.5 - 67.1ZJ - 1124-2111ZJ 697-1633
1153.1 928.1 251ZJ.3

Frequencies defined 17 4IZJ 33 11 8
Frequency separation 8.5"1. 2.8"1. 3.5"1. 6Y. llZJ"l.
Tones transmitted No limit
(sequentially) 7 2 1 7 2 simul.
Address capacity 7x11ZJt. 96IZJ 33 10tJ- N/A
Call duration 8lZ0ns 40Zms Cant. 1.3s Dial tm.
Max calling rate/min 75 llZJ1ZJ N/A 4IZJ <6
Frequency stability ±1ZJ.1y' ±1ZJ.357. ±IZJ. 57. :!: IZJ. 57. ±1.8"1.
Modulation index 9IZJ"1. 51ZJ-61ZJ"1. 11ZJ-2IZJ"1. 71ZJ-11ZJ1ZJ"1. 357.

TABLE 1.2 Tone Signalling Systems Specifications(5)
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The first of these tone systems was the two tone Pyecall

type based on the Electronic Industries Association(S)

(EIA) geometric progression of frequencies. Two

different tones are selected from a group of 40

frequencies (in some systems 90 frequencies are

available) and these are transmitted sequentially.

Frequency separation is 2.8% and thus high '0' decoding

circuits are used and tone bursts of more than 200ms are

employed. Reliability of signalling is achieved under

poor propagational conditions. Two tone signalling is

very common for city-wide radio paging.

The five-tone systems have 11 frequencies to choose from

(10 plus repeat tone). There is a 6% to 10% spacing

between frequencies. Lower '0' circuits can be used so

that a trade-off is made between signal to noise

performance and signalling rate with

relaxation of frequency stability(S).

a resulting

The International Radio Consultative Committee (CCIR)

and (EIA) systems(S) were not intended for encoding by

commercial mobile and portable equipment, but were

defined for maritime and paging applications

respectively.

The Electronic Engineering Association (EEA) approach(S)

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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ToneDual

standard

Multi-Frequency (DTMFI is compatible with

telephone signalling specifications. However,

its performance under the relatively noisy mobile radio

channel(51 is limited by the need to transmit two

simultaneous tones, each with a 6dB reduced deviation.

The potential for intermodulation is also a hazard

although its dialling capability is achieved at very low

cost. It has no advantage for polling and interrogation

applications.

1.2.2 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

mobile to local controlled base equipment or mobile to

mobile, the higher frequencies make it unsuitable for

remotely controlled schemes(51.

The repeat tone of 2600Hz is too high for 12,5kHz radio

frequency channelling and conflicts with control tones

used for switching and voting purposes. The ease with

which the 5-tone (decimal digit) ZVEI system can be

given an

address

choice.

address change and the flexibility which a high

5capacity (10) provides, makes it a popular

1-4



1.3 Motivation

A cost effective method of enhancing the functions of the

Motorola Communications System Analyser Model R-2001C was

the prime motivating factor for the need to develop a

5-Tone ZVEI Encoder Analyser. The Motorola Communications

System Analyser is used extensively during the QA testing

of the radio transmitter and receiver stages.

An inadequacy of this model's transmitter-stage testing

was verifying the specifications of the 5-Tone ZVEI

Encoder installed in the Radio. This inadequacy lead 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 QA workstation where it

would be used.

1.4 Design Approach

1.4.1 Choice of Microprocessor

The Intel 87C51FA microcontroller was selected as the

most suitable controlling device for the 5-Tone ZVEI

Encoder Analyser for the following reasons:

i) The 87C51FA is a single chip control­

orientated microcontroller.

ii) Provides a reduction in the overall 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 power supply.

iv) Hardware and software development tools were

available with the Intel In-Circuit Emulator

(ICE-51~~), to emulate the 8~51 family of

microcontrollers.

1.4.2 Peripheral Hardware Selection

The peripheral hardware was researched to enable

effective interfacing to the 87C51FA microcontroller. Of

conditioners,

the range of displays, keyboard encoders, signal

tone decoders and buffers available, the

components selected were best suited in terms of:

i) Functionality.

ii) Sophistication.

iii) Cost.

iv) Ease of interfacing.

v) Power requirements.

1.4.3 Need for Emulation

An In-Circuit Emulator (ICE) consists of hardware and

software tools which are used during the design and

development of microprocessor applications.

1-6



The featu~es of the ICE-5100 was utilized to assist with

the following:

i) D~de~ly and efficient debugging of ta~get

system ha~dwa~e and softwa~e.

ii) lmp~oved development time in te~ms of editing

sou~ce code, compiling, linking, p~oducing a

Intel hex file and t~ansfe~~ing cont~ol to the

emulato~ p~ocesso~ module fo~ testing.

1.4.4 Emulator

A complete wo~king knowledge of the ICE-5100 was

~esea~ched to assist with the ha~dwa~e and softwa~e

development fo~ the 5-Tone ZVEI Encode~ Analyse~. The

se~ial port of an IBM PC, XT o~ AT, is connected to a

Cont~olle~ Pod which in tu~n is linked to a P~ocesso~

Module via a twisted pai~ ~ibbon cable. Du~ing emulation

the Ta~get Adapto~ of the P~ocesso~ Module ~eplaces the

mic~ocont~olle~ of the system cu~rently unde~

development.

1.4.5 5-Tone ZVEI Encoder Analyser

The following app~oach was used in the final design and

development of the 5-Tone ZVEI Encode~ Analyse~:

i) Suitable ha~dwa~e was ~esea~ched and a

schematic diag~am was d~awn using DRCAD.

ii) A wi~e-w~ap p~ototype was built.

iii) The softwa~e was modula~ly designed using

va~ious algo~ithms and flowcha~ts.
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iv) The hardware and software was debugged with

the aid of the ICE-5100.

v) The prototype was interfaced to the Motorola

Communications System Analyser and the ZVEI

specifications of various mobile radios were

analysed.

vi) A Printed Circuit Board (P.C.B.) was

manufactured and together with keypad and

display, housed in a confined enclosure.
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2. 5-TONE ZVEI ENCODER ANALYSER

2.1 Initial Concepts

2.1.1 The ZVEI Standard Frequencies

Table 2.1 represents a table of the ZVEI tone

frequencies, together with their corresponding 4-bit

binary codes and hexadecimal characters.

ZVEI Tc:ne Frequency (Hz) 03 Q2 01 QI2J t-exadecimal Character

24lll1l I1l I1l I1l I1l III

11Z1612l I1l I1l Ql 1 1

1160 I1l I1l 1 I1l 2

1270 I2l I1l 1 1 3

14lll1l I2l 1 Ql I1l 4

15312l I2l 1 I1l 1 5

1670 I1l 1 1 I2l 6

18312l I2l 1 1 1 7

2QlIZII2l 1 III I2l 0 8

2200 1 I2l 0 1 9

28IZlll 1 I2l 1 0 A

8112l 1 I2l 1 1 8

970 1 1 I2l I1l C

886 1 1 I1l 1 D

2CflJlJ 1 1 1 III E

I\b-Tone 1 1 1 1 F

Table 2.1 ZVEI tone frequencies as 4-bit binary codes(4)
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Referring to Table 2.1 on page 2-1, fifteen tone

frequencies are defined for the 5-Tone ZVEI sequential

tone signalling system. The tone frequency separation is

10%. The number 12345 is represented by a sequential

transmission of tone frequencies 1060 Hz, 1160 Hz,

1270 Hz, 1400 Hz and 1530 Hz by mobile user number 1234~

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 / mobile units 02345 to 92345 being called.

Hexadecimal characters B, C and D represent address

suffix tones. Tone E is a repeat tone and transmission

of tones representing hexadecimal characters 1,2, 3, E

and 5 results in an identification code for mobile user

no. 12335. (Refer to ANNEXURE 1)

2.1.2 Preliminary Hardware and Software Research

Prior to any complex software coding, the 5-Tone ZVEI

signal received from various ZVEI selective-call tone

encoders / decoders was evaluated with the aid of an HP

digital oscilloscope. The dynamic characteristics of the

FX5070A, FX2030Z, FX003QZ, FX102LG and FX202QZK were

examined.(Refer to ANNEXURE 1)
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Tables 2.2 to 2.4 show the differences between some of

the features and dynamic characteristics of the ZVEI

selective-call tone encoders I decoders.

Device FX5071ZlA

Type ZVEI Tone Encoder I Decoder

Tone Duration 63ms (min) 70ms (typ) 77ITS (max)

Logic Sig. Q.1tp.lt I\k:Jt Available

1\k:J. of Pins 32

Oscillator Uses External RC Conponents

Table 2.2 Features & Dynamic Characteristics of the FX5IZl71ZlA(2)

Device FX203lZIZ

Type ZVEI Tone Encoder I Decoder

Tone Duration 68ms (min) 70ms (typ) 72ms (max)

Logic Sig. Q.1tput I\k:Jt Available

No. of Pins 42

Oscillator Uses External 560kHz Resonator

Table 2.3 Features & Dynamic Characteristics of the FX2030Z(2)

Device FXOO3QZ ( FXl02LG &FX~ZK )

Type ZVEI Tone Decoder

Tone Duratien Dependant en Encoder Specifications

Logic Sig. Q.1tp.lt Available

No. of Pins 16 ( 24 : 28 )

Oscillator Uses External 560khz Resonator

Table 2.4 Features & Dynamic Characteristics of the FX~Z(2)
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A thorough investigation and comparison of the dynamic

characteristics and variations between the devices

resulted in the selection of the FX1~2LG and FX2~2QZK

for the signal

Encoder Analyser.

front-end stage of the 5-Tone ZVEI

This selection was made for the following reasons:

i) The FX5~7~A consists of a tone encoder and

decoder in a single hybrid package. Hardware

was only required for decoding the 5-Tone ZVEI

signal.

ii) The FX2~3~Z is a very expensive 42 pin hybrid

device incorporating a ZVEI tone encoder and

decoder. The dynamic characteristics of the

tone decoder(2) are superior to those of the

FX5~7~A, however, only the FX~~3QZ decoder

section was of importance for this particular

application.

iii) The FX~~3QZ consists of the FX1~2LG and

FX202QZK devices. At first the FX~03QZ

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 connection available on this package as a

node for frequency measurement. This led to

the use of the discrete, surface mount,

devices of the FX1~2LG and FX2~2QZK.
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Figure 2.1 on page 2-6 is a waveform showing all five

tones of the encoded 5-Tone ZVEI selcall. The signal was

received from a test unit utilizing a FX5070A tone

encoder I 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

characteristics:

i) The duration obtained for all 5 tones,

realized after conducting numerous tests,

actually ranged from 374ms to 390ms in

practice. This is outside the typical

specification of 350ms(2).

ii) Table 2.5 on page 2-8 represents the desired

total tone duration for all five tones and the

measured durations received from the FX5070A.
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Test No. Desired Tcne Iluraticn Tale IJuraticn Measured

1 351<Jms 379ms

2 351<Jms 385ms

3 351<Jms 37Bms

4 351<Jms 384ms

5 351<Jms 391ZJms

6 351<Jms 389ms

7 351<Jms 38l2lms

8 351<Jms 374ms

9 351<Jms 376ms

112l 351<Jms 382ms

Table 2.5 Desired total Tcne IJuratiITl for all five tITles and
fT'easured values received fr011 the FX5I2l712lA.

A decoded repeatable tone duration of typically 712lms for

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

the specifications for the FX512l712lA encoder allows for

the generation of tones having tone durations ranging

from 63ms to 77ms(2).

Figure 2.3 on page 2-9 shows the data change signals

which are output by the FX212l2QZK when a new ZVEI tone

is detected. Data change signals 1 and 6 are of

significant importance.
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Data change signals 1 and 6 are generated after the

decoder detects a change from "no-tone" to tone (data

change signal 1) and from tone to "no-tone" (data change

signal 6). The "no-tone" period is the time taken by the

decoder to "recognise" the presence (Tone 1) or absence

(Tone 5) 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 5 as output by the FX102LG

and the generation of the data change signal for each

change in tone frequency. The data change signal is

generated by the FX202QZK.

The important practical characteristics of this waveform

are:

i) The tone frequencies measured at the output of

the FX102LG 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 frequency. 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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A program to test the fundamental operating features of

the 5-Tone ZVEI Encoder Analyser was compiled,

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 simulator board.

2~1.3 Initial Design Philosophy

Figure 2.5 represents a block diagram of the initial

design philosophy for the 5-Tone ZVEI Encoder Analyser.

Dot-Matrix Display

Input FXI02LG llitput

Signal Signal Signal 87C51FA
(Fin) Conditioner (4xFin)

Micro-

Controller

Keypad

Interface

Figure 2.5 8lock Diagram showing initial design philosophy
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The initial design philosophy entailed the use of the

FX111l2LG as the sole hardware device for signal

conditioning, prior to being interfaced to the 87C51FA

microcontroller. The FX111l2LG strips the noise from and

11 squar-es 11 any incoming tone without adjustment. It can

program any ZVEI tone with a signal to noise ratio of

I1ldB or better(2).

The functions performed by a FX211l2QZK Tone Decoder were

to be implemented by the control hardware and software

of the microcontroller. The selcall tones, as received

in real-time (see Figure 2.4 on page

input to the external 1/0 pin of

Programmable Counter Array (PCA) port.

2-11), would be

the 87C51FA's

The initial design algorithm included:

i) The utilization of the 87C51FA's PCA Compare I

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 input to the microcontroller.

iii) Software determination of the 4-bit binary

code representing the hexadecimal characters.
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2.1.4 Final Design Technique

The final design technique utilized in the design of the

5-Tone ZVEI Encoder Analyser is largely similar to the

initial design algorithm as discussed in 2.1.3 except

that a FX202QZK peripheral hardware device was used to

supplement the hardware to provide effective analysis of

the 5-Tone ZVEI signal.

The reasons for incorporating this device are as follows:

i) The measurement of a unique frequency proved

effective when utilizing the algorithm in

2.1.3, however, practical implementation

of the software algorithm proved very

difficult where multiple valid frequencies

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

frequencies to be analysed.
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iii) The FX202QZK served to provide a suitable

hardware device to complement the FX102LG's

functionality and simplified the design of

already complex software procedures without

any detriment to the effective analysis of the

5-Tone ZVEI sequence. The peripheral circuitry

completing the circuit diagram of the 5-Tone

ZVEI Encoder Analyser was selected for reasons

as discussed in Section 1.4 on page 1-5.
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2.2 System Integration

2.2.1 Interface to Communications System Analyser

A subminiature earphone socket is located on the rear

of the 5-Tone ZVEI Encoder Analyser. One end of a

scr-eened interface cable is terminated with a

subminiature earphone plug which is inserted into the

socket on the 5-Tone ZVEI Encoder Analyser. The 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 "RF IN/OUT" 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 ZVEI Encoder Analyser, the unit should not 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 30 degree angle,

at opposite ends to the Communications System Analyser.

2-16



.. cabl@'

A 1 ~e ...Co" .

b-

o ora d ITlft'IUn.3,.C3 _ ". ~m na y

CJ CJ CJ CJ 0 0
Cl 0 CJ
CJ 0 0

0 00Cl 0 CJ o CJ CJ CJ

CJ c::::J CJ ODD 0 0 0 0
CJ D 0 0

RF t:;:(0u't O.rnocl Out
CJ CJ CJ Q CJ CJ CJ

~~ /Scr......ed ~n't.rT~c
L.-

Po",.,.. Supp 1 w
Subnu..na-rut"'e' .....,.hon. SOCk..<t ....... .r.., on/of'f",---,

!/5cr••ned t ..~t: cable I O.i$pla..., I
"'a.-l~,...

K.yp.d
"'I:lbi!~

c::::::J I i
CJ 0 CJ CJ
CJ CJ CJ CJ
CJ CJ CJ CJ

Rf' O=PU"t o CJ 0 Cl
c::::::J 9

S-Ton. ~VEZ EnCOde... An~L~s~

Figure 2.6 Dlagram Showing Interface Connections to Motorola Communlcatlons
System Analyser (Model R-2001Cl

2-17



2.2.2 Communications System Analyser Settings

The Communications System Analyser is set-up to operate

in the "Monitor 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 146,1500 Mhz ( CCC Forestry

Channel ).

iii) Adjust the step attenuator of the RF Section

to - 40dB.

iv) Set the Image/Dplx switch to "high".

v) Set the BW Switch to "Narrow".

vi) Turn the volume potentiometer to the mid

position.

vii) Set BFO potentiometer "off/on" to "off".

viii) Set the Display LED to select "Gen / Mon

Mtr".

ix) Adjust the squelch potentiometer to open the

squelch.
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x) Set the Function LED to "FM (made)".

xi) Set the Function Switch to select "Pwr Man".

The radio may now be keyed and as the five

tones are received, the signal level

sequential

LED flashes

indicating goad reception of the 5-Tone ZVEI signal.

2.3 Theory of Operation

2.3.1 Hardware

Figure 2.7 on page 2-20 represents a block diagram of

the 5-Tone ZVEI Encoder Analyser. The complete circuit

diagram can be found in APPENDIX A page 7-1. As shown in

the block diagram, the 5-Tone ZVEI Encoder Analyser

consists of 4 main blocks, namely:

i) 87C51FA Microcontroller.

ii) FX102LG and FX202QZK.

iii) Dot Matrix Display.

iv) Keyboard Encoder.

The core of the 5-Tone ZVEI Encoder Analyser is the

87C51FA microcontroller. In operation, the demodulated

signal from the Communications Systems Analyser is

applied to the signal input of the FX102LG. Figure 2.1

on page 2-6 shows the waveform of a typical input

signal.
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The output of the FX102LG has two destinations namely:

i) Logic signal input to the FX202QZK Tone

Decoder.

ii) Buffered input signal to the peA port of the

microcontroller.

The FX202QZK, 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 FX202QZK (Table 2.1 page 2-1). The

data change signal is also used to serve as an

indication for the change in tone frequency. This

indication is imperative for tone duration measurement

(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

lINT 0) of the microcontroller.

The signal from the FX102LG to the microcontroller is

gated to measure the frequency of each tone as it is

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 2-11.
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Once all the relevant parameters have been analysed by

the real-time interrupts, the results are ready for

displaying. An intelligent display is connected directly

to the I/O ports of the microcontroller. The

contains all the necessary hardware to control

character by 4-line dot matrix display.

display

the 16-

Having initialized the display, 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

I/O port pins of the microcontroller. The keyboard

encoder eliminates key roll-over and also provides a

debounced code at the output. This debounced code is

indicated by the data available output 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.
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Although the uploading of the data has not been a

requirement of this study, hardware for RS-232 operation

has been provided for any possible software enhancements

incorporating the uploading of data. An on-board power

supply consisting of a mains transfo~mer, 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

grounded radio frequency shield.

suitably

2.3.2 Software

The control program for the 5-Tone ZVEI Encoder Analyser

is contained in the 8k EPROM on board the 87C51FA. The

EA pin of the microcontroller is connected to Vcc,

forcing progr~m execution from internal memory range

0000H through lFFFH. The 87C51FA implements 256 bytes of

on chip data RAM, used to store stack (upper 128 bytes,

80H to FFH) and variable values. Each of the four ports

of the 87C51FA may be configured, by the software, to be

used as I/O ports.

Port 3 may be configured not only as port pins, but may

also serve the functions of various special

features(3). This is achieved by writing a "1" into the

corresponding bit

Register(3).

latch in the port Special Function
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The control program occupies 5,2k of on-board Program

Memory. This is quite a large portion of the available

memory space 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 ZVEI signal.

iii) Timer 0, tone duration timer.

iv) Timer 1, interrupt to gate frequency.

v) Computation 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" loop (the main program loop) is

executed. The background task is executed and MODE 0

(Table 2.7 page 2-29) is displayed. The background task

continues to execute until an external interrupt is

received by INT 0 (Refer to APPENDIX B and C).
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The following sequence 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 five tones, by

INT ~ interrupt procedure, includes:

i) Software to ensure that a data change signal

has been flagged.

ii) Re-initialization of Timer 1 with a 5~ms

gating period to measure the new tone

frequency.

iii) Disabling Timer 0.

iv) Re-initialization of Timer ~ to enable

correct measurement of the tone duration on

the next interrupt.

v) Saving tone duration magnitudes.

vi) Starting tone duration Timer ~.

vii) Starting gating period for particular

frequency in the sequence (Timer 1).

viii) Running PCA counter to count zero crossings.

ix) Checking for a repeat tone.

xl Saving the tones hexadecimal character.
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v) PCA.

vi) Serial Port.

vii) Timer 2.

When the 5~ms gating period for each tone frequency

elapses, the frequency 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 ~.

ii) Timer ~.

iii) INT 1.

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 software

computes values for the frequency error and tone

duration error and converts the results to ASCII, ready

for displaying.

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.
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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 0. On returning to MODE 0,

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 Operating Instructions

2.4.1 Precautions

i) Handle the unit with care. Malfunctioning

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 ZVEI Encoder Analyser.

iii) Ensure that the unit is located in a safe

position at the QA Workstation (Section 2.2.1

on page 2-16).

iv) Do not use excessive force when pressing the

keys on the keypad.
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2.4.2 5-Tone ZVEI Encoder Analyser

2.4.2.1 Powering Up

Power is applied to the 5-Tone ZVEI Encoder Analyser

via the illuminated rocker switch located on the rear

panel of the unit.

2.4.2.2 Keypad Functions

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

Key Function

1 to 5 I'Lmbers 1 to 5

A QJit I Abandon Readings

C Next I Previous Options Menu

D Display MODE Options

Table 2.6 5--Tone ZVEI Encoder Analyser Keypad Functions

2.4.2.3 Display Format

The measured I calculated parameters are displayed as

a screen of information. Each screen represents a

different mode of operation. There are 9 different

screens of information, i.e. MODE 0 to MODE 8. Table

2.7 on page 2-29 represents the various modes of

operation. APPENDIX H represents the typical display

formats for MODE 0 to MODE 8.

2-28



MJIlE Message / Data Displayed

12I Ready for A"lalysis

1 Ready to View Resul ts

2 1st Options Menu

3 2nd Options Menu

4 Decoded Digits

5 Tone Frequencies

6 ToneFr~uencyErrors

7 Tone Durations

8 Tone Duration Errors

Table 2.7 5--Tone ZIIEI Encoder A"lalyser Display Modes

2.4.2.4 Display MODE Operation

On power-up, the 5-Tone ZVEI Encoder Analyser displays

the MODE 12I 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 key pad results in the display changing to MODE 2.

MODE 2 represents the first of two option menus. In

this mode the display modes for MODE 4 to MODE 6 are

selectable. By selecting the C-key on the keypad, the

second option menu, MODE 3, will be displayed. Display

modes 7, 8 and 12I are thus selectable.
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MODE 2 to MODE 8 may be selected any number of times

If the A on thewithout

key pad

losing the analysed data.

is pressed while in MODE 3, the memory

variables storing the analysed data will be re-

initialized and the display automatically reverts to

MODE 0. The 5-Tone ZVEI Encoder Analyser will thus be

ready to analyse a further selcall.

The descriptions of the various modes follow:

i) Display MODE 0.

MODE 0 displays a message indicating that

the unit is ready to analyse a 5-Tone ZVEI

selcall.

ii) Display MODE 1.

This mode displays a message to the

operator 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 5 tones.
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v) Display MODE 5.

Selecting MODE 5 enables the frequency for

each of the 5-tones, measured during the

real-time interrupt, to be displayed.

vi) Display MODE 6.

Displays the frequency error for each of

the 5-tones. The error is calculated by the

software as a percentage of the frequency

measured by the real-time interrupt over

the standard frequency for the particular

tone digit.

vii) Display MODE 7.

Displays the tone duration for each of the

5-tones as measured by the real-time

interrupt.

viii) Display MODE 8.

Displays the tone duration error for each

of the 5-tones. The error is calculated as

a percentage of the tone duration over the

standard tone duration (70ms for each tone).
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2.5 MaintEnance

2.5.1 Calibration

The only ~autine maintenance required an the 5-Tone

ZVEI Encoder Analyser is the verification of the

23,333kHz output frequency of the FXIIZl2LG.

TPl (APPENDIX A page 7-1) represents the test point

to measure this frequency. C7, the trimming capacitor,

is adjusted to preset the frequency.

The calibration procedure for the 23,333kHz output

frequency is as follows:

i) Switch the 5-Tone ZVEI Encoder Analyser off.

ii) The 5-Tone ZVEI Encoder Analyser housing is

made up of a top and a bottom half. The

key pad and display are both attached to the

top half and both connect, via ribbon cable,

onto separate plugs of the P.C.B, mounted on

the bottom half of the housing.

iii) Open the 5-Tone ZVEI Encoder Analyser by

carefully lifting the top half, which clips

off, and unplug the connectors for the key pad

and display.

2-32



iv) TP1 and the tuning capacitor, C7, are both

accessible through two small holes in the

radio frequency shield.

v) Connect a frequency counter to TP1. Switch on

the 5-Tone ZVEI Encoder Analyser and adjust

C7 with a suitable tuning tool until a

frequency of 23,333kHz is obtained on the

frequency counter.

vi) Disconnect the frequency counter and switch

off the 5-Tone ZVEI Encoder Analyser.

vii) Plug the connectors for the keypad and

display into their respective sockets and fit

the top cover of the housing into place.

Press firmly to secure the retaining clips.

viii) Thereafter follow the Operating Instructions

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

2.6 5-Tone ZVEI Encoder Analyser Specifications

System Components

Supply Voltage

Operating Temperature

Relative Humidity
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221ZlV~ to 25IZlV~.

IZl to 55 Degrees Celsius.

32 to 131 Degrees Fahrenheit.

To 81Zl percent without

condensation.



Dimensions

Mass

Worst Case Frequency Error

Tone Duration Accuracy

Software features provides

real-time Analysis of

Computed Parameters

:

5-Tone ZVEI Encoder Analyser

length 188mm.

width 110mm.

max. height 90mm.

min. height 46mm.

482 grams.

:!:2,2 % for 1060Hz to 2600Hz.

:!:3ms, 4 % for 70ms tones and

1060Hz to 2600Hz.

i) Decoded 5-Tone ZVEI

frequency digits.

ii) Frequency for each of

the 5 ZVEI tones.

iii) Tone Duration for each

of the 5 ZVEI tones.

i) Frequency error for each

of the 5 ZVEI tones.

ii) Tone Duration Error for

each of the 5 ZVEI tones.
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3. RESULTS

3.1 Functional Tests Using HP Multifunction Synthesizer

3.1.1 Table of Test Results

Table 3.1 represents a set of practical results for a

5-tone ZVEI sequence received from an HP Multifunction

Synthesizer as analysed

Analyser.

by the 5-Tone ZVEI Encoder

1 2 3 4 5
Tone Sequence AnalYSed : 11Zl61ZHz 1161ZHz 1270-fz 14!2XZHz 1~z

Test No. Frequency Error ('l.) Tone Duration Error ('l.)

1 ~,4 +Ill, 4 lZl,lZl +Ill,7 ~,9 +3 -4 +4 -4 -3

2 lZl,lZl lZl,lZl lZl,lZl +Ill, 7 ~,3 +3 -4 +4 -4 -1

3 lZl,lZl +Ill, 4 +Ill, 3 +Ill, 3 ~,3 +4 -4 +4 -4 -1

4 lZl,lZl +Ill,S lZl,lZl +Ill, 7 lZl,lZl +4 -4 +4 -4 -1

5 lZl,lZl +Ill, 4 +0,3 +0,3 lZl,lZl +4 -3 +3 -4 -1

6 lZl,lZl +0,4 +0,3 +1,lZl -2,2 +1 -3 +4 -4 -3

7 0,0 +Ill, 4 +0,3 +lZl,3 0,lZl +3 -1 +3 -4 -1

S lZl,lZl lZl,lZl lZl,lZl +lZl,7 -2,0 +1 -1 +4 -4 -3

9 lZl,lZl +Ill, 4 +Ill, 3 +Ill, 7 ~,3 +4 -4 +4 -4 -1

1lZl 0,lZl lZl,0 lZl,0 +Ill, 7 -2,2 +1 -4 +4 -4 -1

11 ~,4 0,lZl +Ill, 3 +1,lZl -2,lZl +3 -4 +4 -4 -4

12 lZl,lZl lZl,lZl +lZl,3 +IIl,7 lZl,lZl +4 -4 +4 -4 -1

13 lZl,lZl lZl,lZl lZl,lZl +1,lZl ~,7 +3 -4 +4 -4 -1

Table 3.1 Test results of M..1ltifunction Synthesizer as analysed by
the 5-Tone ZVEI Encoder Analyser. Modes 4, 6 and S sh:w1.
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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-Tone ZVEI Encoder

Analyser. For each of the tests, the following results

were obtained:

i) The 5-Tone ZVEI Encoder Analyser performed

successful tone decoding for each of the tests

conducted.

ii) The frequency and hence frequency error for

tones 1 to 4 were very accurately measured /

computed when compared to the frequency

specifications. Tone 5 yielded a most

interesting result. The frequency deviation

from the standard freque~cy and, hence,

frequency error was, sometimes, slightly

greater when compared to the other tones.

iii) The tone duration error for each of the 5­

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 tests

conducted on the 5-Tone ZVEI Encoder Analyser.
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3.2 Mobile Radio ZVEI Test Results

The results obtained by the 5-Tone ZVEI Encoder Analyser,

having analysed the 5-Tone ZVEI signals from a Midland

radio Model 70-1440 and a Motorola SYNTRX radio, are shown

in Table 3.2 and Table 3.3 respectively. The results are

discussed on pages 3-4 and 3-5.

0 3 1 5 8
Tone Sequence Analysed : 241ZXLHz 1271lHz 112!60-1z 1530-lz 2I202l-lz

Test No. Frequency Error Cr.) Tone LUration Error (%)

1 --0,8 0,0 --0,5 --0,9 0,0 -5 +4 +1 0 +3

2 --0,2 0,0 0,0 +0,3 --0,3 -4 0 +3 0 +3

3 0,0 0,0 0,0 0,0 --0,3 +3 +1 +1 +1 +5

4 --0,4 0,0 --0,5 0,0 --0,3 -4 +1 0 +1 +3

i I
5 IZI,IZI 1ZI,0 0,1ZI +0,3 0,1ZI -4 +1 +1 +1 0

6 0,0 0,0 0,0 --0,3 0,O -6 +1 +3 ° +4

7 -1,6 +0,4 0,0 +0,3 --0,3 -6 +1 +1 +1 +1

8 --0,6 0,0 0,1ZI --0,9 IZI,IZI -7 +3 +1 +1 +1

9 -1,6 +0,4 0,1ZI +0,6 --0,3 -7 +1 +1 +1 °
1O +0,2 0,0 0,1ZI 0,1ZI 0,1ZI -6 +3 ° +3 0

11 -1,6 0,O O,0 0,1ZI 0,1ZI -7 +3 +3 +1 +1

Table 3.2 Analysed results of a MIDLAND radio, Model 71Z1-1440.
Modes 4, 6 and 8 sh::w-l.
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1 2 1 4 4
Tone Sequence Analysed : l~z 116QJ-iz l~z 141ZXZl-fz 26M-fz

Test No. Fr-equency Er-r-or- (%) Tcne Dur-aticn Er-r-or- (%)

1 -tjzJ,9 -0,4 1Zl,1Zl +1,1Zl -0,5 -4 -3 +1 -3 +3

2 1Zl,1Zl -0,4 -0,5 -tjzJ,4 -0,7 IZl -4 +1 -3 +1

3 1Zl,1Zl -0,4 1Zl,1Zl +1,4 -1,1 IZl -6 +1 -3 +1

4 1Zl,1Zl -0,4 1Zl,1Zl +2,8 1Zl,1Zl +1 -3 +1 -6 +3

5 1Zl,1Zl -0,4 -tjzJ,5 -tjzJ,4 -tjzJ,2 -1 -1 IZl -3 +1

6 -0,5 1Zl,1Zl -0,5 +2,8 -Ill,2 +1 -3 +1 -4 +1

7 1Zl,1Zl -0,4 -0,5 +1,7 1Zl,1Zl -1 -4 +1 -3 +1

8 -0,5 -0,4 -0,5 -tjzJ,7 1Zl,1Zl IZl -4 +1 -4 +1

9 1Zl,1Zl 1Zl,1Zl 1Zl,1Zl +1,7 -Ill, 7 -4 -4 +4 -4 +1

11Zl 1Zl,1Zl -0,4 1Zl,1Zl +3,2 1Zl,1Zl IZl -4 +3 -6 +1

11 IZI,IZI -IZl,4 -0,5 +2,5 -1,5 IZl -1 +1 -3 +1

Table 3.3 Analysed r-esults of a Motor-ola SYNfRX r-adio.
Modes 4, 6 and 8 shc:w1.

An explanation of the r-esults obtained is as follows:

i) Eleven tests wer-e per-for-med on each of the

r-adios.

ii) The fr-equency digits of the selcalls r-eceived

fr-om each r-adio wer-e successfully decoded for-

each of the eleven tests per-for-med.

iii) The selcall fr-equency / fr-equency-er-r-or-, for-

each of the eleven tests per-for-med on the

Midland r-adio confor-med to the manufactur-es'

specifications.
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iv) The first tone-duration / duration-error for

each of the tests performed on the Midland radio

was found to be, generally, greater than that of

the Motorola radio. This phenomenon is due to a

larger variation in the f'no-tone'· period (refer

to 2.1.2, page 2-10) prior to tone 1 being

received.

v) The frequency / frequency-error for each of the

eleven tests performed on the Motorola radio

yielded 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

frequency / frequency-error for the fourth tone

was generally greater, all the tone frequencies

were within the frequency specifications.

vi) The tone-duration / tone-duration-error for each

of the eleven tests performed on the Motorola

radio conformed to the manufactures'

specifications.
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The results verify that differences between analysed

parameters not only exists between various makes of

radios, 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 used to assist during the

design of software to upgrade the Front End Processor

(FEP) of the Cleansing and Traffic Departments' Radio

Dispatch Systems.
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4. IMPROVEMENTS ON THE 5-TONE ZVEI ENCODER ANALYSER

The 5-Tone ZVEI Encoder Analyser software could be enhanced to

enable the unit to operate with selcalls received "off the

air".

The software of the 5-Tone ZVEI Encoder Analyser could be re­

structured to enable uploading of selcall results to a Radio

Database operating on an IBM XT/AT Personal Computer. These

results could then be used for 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.
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5. CONCLUSION

i) A 5-Tone ZVEI Encoder Analyser was successfully developed.

ii) The 5-Tone ZVEI Encoder Analyser can be interfaced to the

existing Communications System Analyser and the high cost

of a new Communications System Analyser facilitating ZVEI

analysis was avoided.

iii) The 5-Tone ZVEI Encoder Analyser fulfils the requirements

for analysing the encoded ZVEI signal.

* A display of the 5-Tone ZVEI frequency 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-51 Compiler was successfully applied as a

development tool.

v) The 87C51FA microcontroller was found to be most suitable.

5-1



BIBLIOGRAPHY / LIST OF REFERENCES

Articles in Magazines

Ciarcia, S. 19B8. Why Microcontrollers Part 1 & 2. Byte

Magazine. August & September. Pages 239 - 247, 3~3 - 312.

Manuals

Hewlett-Packard. 1987. HP Multifunction Synthesizer

Basic Operation and Application. Hewlett-Packard

Company, July, Pages 3-1 to 3-19.

Intel. 1982. PL/M-51 User·s Guide. Intel Corporation.

Pages 1-1 to 16-5.

Optrex Corporation. 1989. DMC Series Liquid Crystal

Displays. Optrex Corporation. Pages 43 - 64.

Data Books

Intel. 199~. MCS-51 Embedded Applications. Intel

Corporation. Pages 2-1 to 2-76.

National Semiconductor. 1984. Logic data book. Volume 1

and 2. California. National Semiconductor Corp.

Product Information (ANNEXURE 1 and 2)

Selective-call Tone Encoder / Decoder information

reproduced courtesy of UNIPLAN, official agents for

Consumer Microcircuits Limited.

Display information reproduced courtesy of H.Kopp

Electronics, official agents for Optrex Corporation.

6-1



References Quoted

1. British Standard. 1989. Radio Equipment used in mobile

services. British Standard. Parts 1 & 6.

2. Consumer Microcircuits. 1990. Product Information for

Tone Encoders I Decoders. Consumer Microcircuits

Limited.

3. Intel. 1990. Intel 8-Bit Embedded Controllers. Intel

Corporation. Pages 8-40 to 8-74.

4. Motorola. Inc. 1982. Motorola Communications System

Analyser Service Manual (R-2001C I R-20~2C). Motorola

Incorporated. Pages 5-13 to 5-14.

5. Sharpe, T. Signalling Systems Today and Tomorrow.

6. South African Standard. 1989. S.A.B.S Specifications

for Communication Signalling for use in tnunked band

mobile radio systems. South African Standards.

6-2



A P PEN D I X A

5 - TON E Z V E I E NCO D ERA N A L V S E R

C IRe U I T D I A G R A M

7-1



v c

v c U.
F'Xl02L~

Co"''''.l~to'''

VC
U3

F"X202QZI<
Ton. O.c:od..,..

':+--.}j VEE

~--,,!? vaa
!R4
!10k

:Vi.\.l
: ."9·....-~'lvSS

Pl.7 CCEX4) a
APl.6 <CEX3)

Pl.$ <C£X:2) Q-1
Pl.4 (CEX1) • /pl .. 3 (CEXO)
Pl.' (Eel)

"Pl • .l (T2£X)
Pl.Q CT2> -l.....

P3.$ (H)
1~ e

p3.4

~'
• A

P3.3 ( ) •P3.Z (IN )

RS
R..... SIP

4k7

U7C

o

Cit~ of C.pe ro~n : tl.c~,..ic~t~ O.p.,..t~nt

.I. ze fCC:u~"'t" f'CurN:t.,... r~2'\VB' S-TQn.. ZV£I Encod.,.. AnahllS." I :ii:

at.-: un. 1 ""•• t

r-{?')o.-!S,-'!:v~
74CC4

~E 7'4C04r-------------k .L.UJ ..........10 S



A P PEN D I X B

5 - TON E Z V E I

S 0 F T WAR E

E NCO D ERA N A L Y S E R

DES CRI P T ION



APPENDIX B

8. 5-TONE ZVEI ENCODER ANALYSER SOFTWARE DESCRIPTION

This section contains a detailed description for each of

the software procedures of the 5-Tone ZVEI

Analyser.

Encoder

8.1 Line Numbers

Module Name

Procedure

Description

577 to 785

ZVEI

Hardware reset (cold-start).

Main DO FOREVER loop. RAM, I/O, display

and SFR's are first initialized and then

the DD FOREVER loop is entered. This loop

consists of a background task which

executes

task is

to display MODE 0. The background

interrupted by the real-time

interrupts, INT0, timer ~ & timer 1 which

analyse the incoming selcall. Once the

complete selcall has been analysed, the

tone duration errors and frequency errors

are computed. At this point in the program,

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 Frequency Error, Tone Duration and

Tone Duration Error. Once all the results

have been viewed, the 5-Tone ZVEI Encoder

Analyser returns to MODE 0.
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8.2 Line Numbers

Module Name

Procedure

24 to 136

INTRPTIII

: External interrupt Ill, performs real-time

Description

analysis of selcalls.

: This interrupt is the core of the 5-Tone

ZVEI Encoder Analyser. It is activated by

the data change signal from the FX21ll2QZK

tone decoder. The interrupt procedure

ensures that a valid 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

frequency counter is initialized for each

interrupt and the PCA counter is cleared to

ensure correct counts.

On the first activation of the interrupt

initialized and(tone 11, timer III is

enabled. The frequency gating window,

timer 1, and the PCA counter are enabled.

The tone frequency digit is read at the

port pins and stored. Interrupts generated

by tones 2 to 5 have similar algorithms.

The instructions include stopping and re­

initializing of the tone duration timer,

saving

tone,

the tone duration of the particular

clearing the variable storing the
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tone duration, starting the tone duration

timer for the next tone and enabling the

peA counter. The tone frequency digit is

read at the port pins and stored. If the

a repeat flag is set. On the 6th

frequency

previous,

digit is the same as the

and final interrupt, the duration timer is

stopped, its value is stored and the

8.3 Line Numbers

Module Name

Procedure

Description

variable is cleared.

Once all 5 tones have been analysed, a flag

is set to enable the background task to

prepare for the displaying of the results.

148 to 152

TIMER 0

Real-time tone duration timer interrupt.

: Timer 0 is enabled by the main real-time

interrupt, external interrupt 0. Its

function is to set up a 1 ms interrupt and

increment a du~ation timer variable every

milli-second. This timer is also disabled

and cleared by INTRPT0.
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8.4 Line Numbers : 153 to 182

Module Name : TIMER 1

Procedure

Description

Real-time frequency counts for each of the

five frequency digits.

The gating window and PCA counter (CR) are

in the main real-time interrupt,enabled

external interrupt 0. Once the gating

period (50 ms) elapses, an interrupt is

generated and the timer 1 interrupt routine

is executed. The timer and counter are both

disabled and the frequency count for the

particular tone in the 5 tone sequence is

stored for further processing by the

background task.

8.5 Line Numbers: 137 to 147

Module Name

Procedure

Description

: INTRPT1

: Keyboard interrupt, stores key pressed on

the keypad.

This interrupt is 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 is read and stored into a keypad

buffer. This keypad buffer is read during

execution of the main program.
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183 to 189

DISPLAV$SETUP

8.6 Line Numbers

Module Name

Procedure Power-up initialization of display (also

Description

executed by main program).

: The display is initialized according to the

initialization instruction passed via INST.

A 10 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

completed

disabled.

these operations, the display is

8.7 Line Numbers: 190 to 196

f"1odule Name

Procedure

Description

DlSPLAV$ADDR

Locates 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

flag. The displayof the display busy

enabled and the DD RAM address

is

is

initialized. The display is then disabled.
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197 to 206

: DISPLAY$CHAR

B.B Line Numbers

Module Name

Procedure : Displays a character at a previously

Description

initialized display 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 of the display busy flag. After

writing the data to the display, the

display is disabled.

8.9 Line Numbers : 207 to 238

Module Name CALC$TDUR$ERR

Procedure : Calculates the Tone Duration Error for each

of the 5 tones.

Description : The tone duration is passed to this

procedure and the resultant tone duration

error is calculated. This procedure is

executed for each of the 5 tones. The

procedure is 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 or negative. The error for each of

the 5 tones is shown as a percentage

deviation from the standard tone duration.
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8.10 Line Numbers: 247 to 253

This procedure clears the display and

calls the procedure, D$KEY which performs

the actual writing of characters to the

SELECT$D$KEY$MSGModule Name

Procedure

Description

Initiates the displaying of MODE 1.

display

locations.

at different start address

8.11 Line Numbers : 239 to 246

Module Name

Procedure

Description

: D$KEY

Writes display MODE 1 to

The display address and

the display.

arrays final

element, of the characters to display, are

passed to the procedure. The array start

address is initialized in the SELECT$D$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.

8-7



8.12 Line Numbe~s : 262 to 269

: The display is clea~ed and the start

element of the array for display MODE 2 is

Module Name

Procedure

Desc~iption

: OPTION$DISPLAY$l

: Initiates the displaying of MODE 2.

initialized. The address and ar~ays final

element, of the characters to display, are

passed to OPTIOIN$DONATION$l. This

p~ocedure performs the actual writing of

the characte~s fo~ MODE 2 to the display.

8.13 Line Numbe~s : 254 to 261

Module Name : OPTION$DONATION$l

Procedure Writes display MODE 2 to the display.

Desc~iption The display add~ess and ar~ays final

element, of the characters to display, are

passed to the procedure. The display

add~ess is

DISPLAY$ADDR.

initialized by calling

Once the address is located

on the display, a do while loop w~ites

MODE 2 to the display until the array

pointe~ ~eaches the final element of the

characters to display for MODE 2.
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8.14 Line Numbers: 278 to 298

Module Name

Procedure

Description

: DECODED$TONE

: Displays the frequency digits for each of

the 5 tones.

This procedure clears the display, writes

the heading for MODE 4 and then proceeds

to write the 'A-Quit' message to enable

this particular mode to be exited. The

display address is initialized and the

frequency digits are written to the

display at the relevant addresses.

8.15 Line Numbers: 270 to 277

Module Name

Procedure

Description

QUIT$MSG

: Displays 'A-Quit' message for the various

modes of display.

: The display address is initialized. The

position of the first character, of the

array to display, is initialized. A do

while loop writes the characters to the

display,

address.

starting at the

This continues until

initialized

the array

pointer reaches the final element of the

characters to display.

8-9



8.16 Line Numbers: 307 to 321

Module Name

Procedure

Description

: FRE(]$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 performs the writing of

the heading for MODE 5. The address,

together with the final element of the

characters to display, is passed to

FREQ$DONATION. This procedure performs the

actual writing of the frequency numbers to

the display.

299 to 306

: FRE(]$DONATION

8.17 Line Numbers

Module Name

Procedure : This procedure writes the frequency

numbers to the display.

Description : The address of the frequency number

together with the final array element, to

write to the display, is passed to this

procedure. The initial array element is

initialized in FREQ$HEADING. The address

to write the characters is located on the

display and a do while loop writes the

frequency numbers for MODES 5 & 6.
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8.18 Line Numbers : 322 to 334

Module Name

Procedure

Description

: FRE(}$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 frequencies have to be divided

by 4 as the FX102LG outputs a frequency 4x

that of the input frequency. The

frequencies are converted to ASCII and

each frequency element, F$DIGl to 4, is

stored in a variable, ready for displaying.

frequencies

8.19 Line Numbers

Module Name

Procedure

335 to 342

: DI5PLAY$FRE(}

: Displays at the correct

Description

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. DISPLAY$CHAR is

called to write each ASCII frequency

element, F$DIGl to 4, to the display

starting at the initialized address.
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8.2~ Line Numbers : 35~ to 369

Module Name

Procedure

FREQ$ERR$HEADING

: Writes MODE 6 heading, 'Frequency Error'

and initiates the displaying of the

Description

frequency numbers for MODE 6.

: The display is cleared and the address

of the heading for MODE 6 is initialized.

A do while loop writes the heading for

MODE 6, starting at the initialized

address. The address, together with the

final element of the characters to display

is passed to FREQ$DONATION. In addition,

the procedure writes the frequency numbers

to the display at the initialized address.

8.21 Line Numbers : 37~ to 415

Module Name : CALC$FREQ$ERR

Procedure : Calculates the frequency errOr for each of

the tones in the 5-tone sequence.

with the

Description The gated

during the

procedure

frequency

RTI, are

together

counts,

passed

measured

to this

decoded

frequency digit. The gated counts held in

the PCA counter are computed to produce a

frequency.
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The standard frequency's magnitude is

obtained by using the received frequency

digit and then accessing the frequency

from the standard frequency array. The

computed frequency is compared to the

corresponding array frequency. The

calculated error may be zero, positive or

negative and is calculated to one decimal

place. The error for each of the 5 tones

is shown as a percentage deviation from

the standard ZVEI frequency.

8.22 Line Numbers : 416 to 424

Module Name

Procedure

Description

: SHOW$FREQ$ERR

Writes computed parameters for MODE 6 to

the display.

: The address where the particular frequency

error is to be written, the polarity of

the frequency error and the magnitude of

the frequency error is passed to this

procedure. DISPLAY$ADDR is called to

locate the address on the display and

DISPLAY$CHAR is called to write the

relevant data to the display at the

initialized address. After the frequency

erro..... has been wr-itten, the procedure

calls PERC$DISPLAY to display the units.
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8.23 Line Numbers

Module Name

Procedure

Description

343 to 349

PERC$DISPLAY

: Writes ''lo' character, used in MODES 6 & 8

to the display.

The position of the ''lo' character within

the array, MESSAGE$4, is passed to this

procedure. A do while loop is executed

which calls DISPLAY$CHAR to write this

single character to the display.

The display is cleared and the start

433 to 44!il

: OPTION$DISPLAY$2

8.24 Line Numbers

Module Name

Procedure

Description

Initiates the displaying of MODE 3.

element of the array for display MODE 3

is initialized. The start address and

arrays final element, of the characters to

display, are passed to OPTION$DONATION$2

which performs the actual writing of the

characters for MODE 3 to the display.
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8.25 Line Numbers : 425 to 432

Module Name

Procedure

Description

: OPTIONSDONATIONS2

Writes display MODE 3 to

: The display address and

the display.

arrays final

element, of the characters to display, are

passed to the procedure. The array start

address is initialized by OPTIONSDISPLAY$2.

The display address is initialized by

calling DISPLAY$ADDR. Once the address is

located on the display, a do while loop

writes MODE 3 to the display until the

array pointer reaches the final element of

the characters to display.

8.26 Line Numbers : 456 to 485

Module Name : TONESDURATIONS

Procedure

Description

: Controls the displaying of the heading

and analysed parameters for MODE 7.

: The display is cleared and TONE$OURAT$MSG

is initialized with the display address

and the arrays final element, of the

characters to display. TONE$DURAT$MSG is

called to write the heading for MODE 7.

The tone durations, as analysed for each

of the tones in the 5-tone sequence, are

written to the display by passing their

values to DISPLAY$CHAR.
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Once the tone du~ation magnitudes have

been displayed the units, ms, a~e w~itten

to the display. Finally the

message is w~itten to the display.

8.27 Line Numbe~s : 441 to 448

'A-Quit'

display add~ess

: TONE$DURAT$MSG

and a~~ays final

Module Name

P~ocedu~e

Desc~iption

: Displays

: The

the heading fo~ MODE 7.

element, of the cha~acte~s to display, a~e

passed to the p~ocedu~e. The a~~ays sta~t

add~ess is initialized in TONE$DURATIONS.

The display add~ess is initialized and a

do while loop w~ites the heading fo~

~IODE 7 to the display until the a~~ay

pointe~ ~eaches the final element of the

cha~acte~s to display.

8.28 Line Numbe~s : 449 to 455

Module Name : ms$DISPLAY

P~ocedu~e

Desc~iption

: Displays the 'ms' units fo~ display MODE h

The position of the 'ms' cha~acte~s within

the a~~ay, MESSAGE$4, is passed to this

p~ocedu~e. A do while loop is ente~ed

which calls DISPLAY$CHAR to w~ite these

cha~acte~s to the display.
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8.29 Line Numbers : 486 to 530

Module Name

Procedure

Description

: TONE$DURATION$ERR

Writes display MODE 8 to the display.

The display is cleared and the heading for

MODE 8 is written to the display at the

desired address. The displaying of the

computed tone duration errors, the

polarity of the errors and the units are

all processed by this procedure. Once all

the computed parameters have been written

to the display, the

displayed.

8-17
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APPENDIX C

9. 5-TONE ZVEI ENCODER ANALYSER FLOW CHARTS

This section contains the flow charts for the software

procedures of the 5-Tone ZVEI Encoder Analyser.

9.1 Main Program for the control of the 5-Tone ZVEI Encoder

Analyser.

ZVEI

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

initialize display

do forever

complete 5 tone

Lsequence received ?

then

IXJ\E 1 ?

~then

disable all external interrupts
write

convert tone durations to ASCII for displaying I'1JDEeJ
to

calculate tone duration errors displ.

convert tone duration errors to ASCII

display I'1JDE 1

DISPLAY$RESlLTS=1, enable keyboard interrupt 1,
DISPLAY$CPTI0\l$1=1, IXJ\E=0

do while DISPLAY$RESlLTS=1

see DISPLAY RESlLTS

enable real-time interrupt (EXeJ=1 )
disable keyboard interrupt (EX1=0)
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DISPLAY RESULTS

D--key p..-essed ?

~
(display MODE 2 ?)

then

do while DISPLAY$OPTION$l=l

DISPLAY$CPTION$2=l

display MODE 2

do while no option for MODE 2 selected

display MODE 2

IF 1 I 2 I 3

--- display MODE 3 ;z(N - next ?)

then ---------do while DISPLAY$OPTION$2=l

display MODE 3

do while no optic:n for MOOC 3 selected

display MODE 3

IF 4 I 5 I 6 I 7

IF 1

then

display freq. digit?
(MODE 4 ?)

else

call DECODEIJ$TCJ\E

do while MODE 4 ..-equi..-ed

display I'1JDE 4

clea..- keypad va..-iable and exit
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IF 2

~c~(MJIlE 5 ?)

t~ el~

display heading for MJIlE 5

convert gated counts to freq.
for each of the 5 tones

display each of the 5 freq.

do while I"1JIlE 5 required

Idisplay I"1JIlE 5

clear keypad variable and exit

IF 3 (marking indicates repeat for f3 to f5)

display frequency errors ? j(I"1JIlE 6 ?)

then

display heading for MJIlE 6

calculate freq1. frequency errOr-

display freq1. error

eq.

~t~

call (CPLC$FREQ$ERR(R) using array call (CPLC$FREQ$ERRCf{)

element for repeat frequency using array element
for f~. digit (Hz)

display freq2. e ....ror

do While I"1JIlE 6 required

I display I"1JIlE 6

clear keypad variable and exit
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IF 4

then

tone durations ?
(mIlE 7 ?)

else

display tone durations

do while mIlE 7 required

display mIlE 7

clear keypad variable and exit

IF 5

display tone duraticn Errors

do while I"lJDE 8 required

display I"lJDE 8

clear keypad variable and exit

9-4
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abandon all readings ?

else

IF 6

then

re-initialize flags

re-initialize variables

clear display

IF 7

clear DISPLAY$OPTI0N$2 flag

clear display variable and exit

clear display
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9.2 External interrupt ~, performs real-time selcall analysis.

INTRPTfII

disable any further IN"l"RPT~ interrupts

disable keypad interrupts

data change flagged ? Athen

delay for 1ms

read port, store in TRlE$FREQ1

delay for 1ms

read port, store in TRlE$FREQ

TRlE$FREQ1
TRlE$FREQ;L

then else-
increment frequency order

init. timer 1 for 5lZIms frequency gating period

ensure frequency counter CH=Q..=0

case digit ~ 1 2 3 4 5 6
order skip

enable further INTRPT~ interrupts (EX~)

enable keypad interrupt (EX1)

retum from interrupt

CASE 1

init. timer ~ for 1ms interrupt (1st duration)

enable timer ~

enable timer 1 - gating period for freq. 1

enable CR to measure freq. 1

save value of freq. digit 1 in FREQ$DIG1
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CASE 2

stop timer '"

init. timer '" far 1ms interrupt (2nd duration)

save 1st tane duratian value

clear tane duration variable (E1...FPSED=0 )

enable timer 121

start gating period for freq. 2

enable PCA counter to measure freq. 2

:--------=:::e r::=--------::
then else

FREQ$DIG2 = FREQ$DIG1 save freq. digit in FREQ$DIG2

repeat freq. 1 in error calc.

CASE 3

stop timer '"

init. timer '" far 1ms interrupt (3rd duration)

save 2nd tone duration value

clear tone duration variable (E1...FPSED=0 )

enable timer 121

start gating period for freq. 3

enable PCA counter to measure freq. 3

:--------=:::e~then else

FREQ$DIG3 = FREQ$DIG2 save freq. digit in FREQ$DIG3

repeat freq. 2 in error calc.
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CASE 4

s top timer III

init. timer III for lms interrupt (4th duration)

save 3r-d tone duration value

clear tone duration variable (ELAPSED=lIl )

enable timer III

start gating period for freq. 4

enable PCA counter to measure fr-eq. 4

~one r-ec:::----------::
then else

FREQ$DIG4 = FREQ$DIG3 save fr-eq. digit in FREQ$DIG4

repeat freq. 3 in error calc.

CASE 5

stop timer III

init. timer IZl for 1ms interrupt (5th duration)

save 4th tone duration value

clear tone duration variable ( ELAPSED=lIl)

enable timer III

start gating period for freq. 5

enable PCA counter to measure freq. 5

::---------:::er~
then else

FREQ$DIG5 = FREQ$DlG4 save freq. digit in FREQ$DIG5

repeat fr-eq. 4 in error calc.

9-8



CASE b

stop timer I2l

save 5th tone duration value

clear- tone duration variable ( El.AF'SED=I2l)

reset frequency no. pointer

reset received digit order flag

set DalE = 1, to display results

9.3 Real-time duration timer interrupt.

TIMERIII

1F1ZI cleared on interrupt veetoring

increment tone duration counter

initialize timer reload value

return from interrupt

9.4 Real-time frequency count for each frequency digit.

TIMER 1

stop Capture Register counter

stop timer 1

increment order of received frequency

case 1ZI skip

case 1 store counter value in 1st freq. variables

case 2 store counter value in 2nd freq. variables

case 3 store counter value in 3rd freq. variables

case 4 store counter value in 4th freq. variables

case 5 store counter value in 5th freq. variables

clear Capture Register counter (D-l=CL=lZII2l)

return from interrupt
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9.5 Keypad interrupt, stores key pressed on keypad.

INTRPT1

delay far 1ms

read key--<:ode fram keyboard encoder and store

delay to allow hardware to settle

read key--<:ode fram keyboard encoder and stare

~~then else

save key--<:ode in
KEY variable

retum fram interrupt

9.6 Initialization of display an 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 far display busy flag

enable display

write display data address

remove enable
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9.8 Display a cha~acter at previously defined display address.

DISPLAY$CHAR

write to display data register

delay for display b..1sy flag

enable display

delay for display b..1sy flag

write ASCII byte to display

delay for display b..1sy flag

remove enable & ~egiste~ select

9.9 Calculate tone du~ation er~o~ fo~ each of the 5 tones.

CALC$TDUR$ERR

~tone du~ation - 7fZlms ?

then else---
~ati~
then else

sto~ 121 to FI/IJ$ERR sto~ + to sign sto~ - to sign

sto~e 2I1lh to sign calc. +ve I. er~~ calc. -ve'l.. error

compute remainde~ compute ~inde~

~ound off remainde~ ~d off remainde~

store in FIN'PERR sto~ in FlmERR
.
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9.1~ Initiate the displaying of MODE 1.

SELECTSDSKEYSMSG

clear display

initialize display start address

initialize no. of chars. to write to display

call D$KEY to execute function

9.11 Write display MODE 1 to the display.

DSKEY

initialize display address

write I'1JDE 1 to the display starting at

the initialized address

9.12 Initiate the displaying of MODE 2.

OPTIONSDISPLAYSl

clear display

initialize display start address

initialize no. of chars. to write to display

call OPTICN$rx:NATICNH to execute function

9.13 Write display MODE 2 to the display.

OPT I ONSDONAT IONSl

initialize display address

write MODE 2 to the display starting at

the initialized address
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9.14 Display the f~equency digits fo~ each of the 5 tones.

DECODED$TONE

clea~ display

initialize display address

w~ite MODE 4 heading to the display

w~ite QUIT$MSG to the display

init. display address fo~ freq. digits 1 - 5

w~ite each ASCII keq. digit to the display

9.15 'A-Quit' message fo~ various MODES of displa~

QUIT$MSG

initialize add~s on display

w~ite 'A--a.lit' message to the display

9.16 W~ite MODE 5 heading and initiate display of f~eq. no.'s.

FREQ$HEADING

clea~ display

initialize display address

w~ite MODE 5's heading to the display

call FREQ$IX::N'\nCN to w~ite freq. no. 's

write QUIT$MSG to the display
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9.17 Write frequency no.'s for MODE 5 and MODE 6.

FREll$DONATION

initialize display address

write frequency numbers for I'1JDE 5 & I'1JDE 6

9.18 Calculate frequency from no. of gated counts.

FREll$CALC

CCNTR$H & CCNTR$L : freq. counts from the RTI

calve-rt LS nibble and MS nibble to words

ccnvert gatedJlS counts to seccnds

scale down frequency to display std. freq.

ccnvert freq. in hex to ASCII for displaying

store freq. values in global variable

9.19 Display frequencies at initialized addresses for MODE 5.

DISPLAY$FREll

initialize display address

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

9.20 Write MODE 6 heading and initiate display of freq. no.'s.

FREll$ERR$HEADING

clear display

initialize display address

write I'1JIJE 6's heading to the display

call FREQ$IJCN'\TI(J\1 to write freq. no. .s

write QUIT$MSG to the display
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9.21 Calculate f~equency e~~o~ fo~ each of the 5 tones.

CALC$FREQ$ERR

(X]\fffi$H & CCNTR$L = f~eq. counts from the RTI

COlvert LS nibble and MS nibble to wo~ds

Ccr1vert gated.fJS counts to 5eC01ds

obtain standa~d f~eq. of F$DIGIT from a~~ay

~meaSU~edf~. std. f~. ?

then else

~>~then else

sto~ OOh to F$DIG1 sign = +ve e~~~ sign = -ye e~~~

sto~ OOh to F$DIG2 e~~o~ = meas. f~eq. error = stand~ f~eq.

sto~e 2Qlh to sign - standam f~. - meas. f~.

~<~then else

~OOXthen lse

calc. 'l.. error error >= 1%

sto~e in F$DIG1 sto~e in F$DIG1

error < 1% canpute r-emainde~

compute remainde~ sto~e in F$DIG2

sto~e in F$DIG2
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9.22 Display the computed parameters for MODE 6.

SHOW$FREQ$ERR

initialize display address

display +/- error

write F$DIGl to display

write decimal point to display

write F$DIG2 to display

call F'ERC$DISPLAY (write 'l. sign to display)

9.23 Display ''l.' character used in MODE 6 and MODE 8.

PERC$DISPLAY

L = 31

do while L < 32

write ' 'l. . character to display

L = L + 1

9.24 Initiates the displaying of MODE 3.

OPTION$DISPLAY$2

clear display

initialize display start address

initialize no. of chars. to write to display

call CPTIQ\I$!XJ'i"lTIQ\I$2 to execute function
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9.25 W~ite display MODE 3 to the display.

OPTION$DONATION$2

initialize display add~ess

w~ite MODE 3 to the display sta~ting at

the initialized add~s

9.26 Display MODE 7 heading and analysed pa~amete~s.

TONE$DURATIONS

clea~ the display

initialize a~~ay pointe~ to display I'lJDE 7

call T(JIE$DlRAT$MSG

w~ite ·t1=· to display

call DISPLAY$O-M

call msi'.DISPLAY

re-initialize a~~ay pointe~ and display

tcne du~aticns 2, 3, 4 and 5

w~ite . A--O.lit· to the display

9.27 MODE 7 heading.

TONE$DURAT$MSG

initialize display add~ess

do while MODE 7 heading not complete

I w~ite MODE Ts heading to the display
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9.28 Display 'ms' character used in MODE 7.

ms$DISPLAY

L = 29

do while L < 31

write 'ms' characters to display

L = L + 1

9.29 Display heading and analysed parameters for MODE 8.

TONE$DURATI ON$ERR

clear display

initialize display address

initialize array pointer

do while MODE 8 heading not complete

Iwrite MODE 8's heading to the display

re-initialize array pointer

call TCl\E$IJl..RAT$MSG

call DISPLAY$AI)DR

write sign of error to display

write duration 1 error to the display

call PERC$DISPLAY

re-initialize array pointer and display

tone duration errors 2, 3, 4 and 5

write 'A--Q..lit' to the display
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APPENDIX D

10. 5-TONE ZVEI ENCODER ANALYSER SOFTWARE LISTING

The following pages represents the software listing of the

5-Tone ZVEI Encoder Analyser PLM-51 program.
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DOS 3.30 f038-N) h/Yi-51 V1..2
COMPILER INVOKE] BY: C:\PLM\PL~:l.EXE \PL~\PRDJECTS\ZVEI.PL~ rEBUG RGX{LARSEi

lVET aa

06/16/92 PAGE

SGFTwAR£
ZYE I

ct~clafe eq literally 'literally'

$nu1ist
Sincluce{RE6252.DCLi
tlist

LISTING
EriCuDER

FuR THE
AN~LYSER

PR06RAl; VARIABLES

declare { L, DI6$GRDER J FREu$DI61, FREU$uIEt, FREG$UI63, FREg$DIS4,
fREi1$fJIoJ, T_uLiRi, iJfU,~2, T_fUR3, TJHJR4, TJfUR5, TJnJRHT1,
T_UURHT2, T_GURHT3 J I_DURAT4} T_llURHTJ, ELAPSED, KEY)

c2claf2 DUR$ERRsMSB1, DUR$ERR$LSB1, DUR$ERR$~SB2, DURiERR$LSB2,
UUR$ERR$~SB3, DURtERR$LSB3, DUR$ERRiMSB4, DURiERR$LSB4,

10

declarE CQNTR1$H, CO~TR1$L, CCNTR2$H, CDNTR2iL, CDNTR3iH,
CDNTR3$L, CDNTR4$H, CCNTR4$L, LUNTRJ$~, CONTRS$L )

ceclare DQ~E~ DISPLAYiRESULTS, DISPLAY$OPTION$l, DISPLAY$8PTIGN$t,
REPEAT$FRE]$l, REPEAT$FR:]52~ REPEHTiFREQ$3, REPE~T$FREa$4

nyte !!;~in

de[13r~ DUR$~SB1, DURsLSB1, DUR~~SB2, DUR$LSB2, DUR5XSB3, DUR$LSB3,
UUR$~SB4, DUR$LSB4, DUR$~SB5, ilCR$LSB5, SrSN, FIN$ERR,
T$DUR4Tl$ERR, T$DURAT2iERR, TSDURAT3$ERR, T$DURAT~!ERR,

T~JjRAT5$ERR, PGS$NESl, PuS;~E62, PGS$NES3, POS~~E~4! PGS$NE65 j tit: ictat~

It ZVEl std. freq.
declaf~ STDFREQHABLE (11) \lfGrd cCH1:;tnt \2~OOn, 10M}, 1160D, 1270D, l-t:J0J,

l5:jOj, 16701, IB2iJD, eOOOG, E200J,
260(;D!

It dati! change flag it

E~ 'I) CN e;~ •, , ,
;:;:,,! '0 :;=-r eq 1-, ,

/J display inst:-uctiGns

if

if
lHSP$ON$GFF eq 'GCM' J LCDHNSr eq '2GH' ,
LCE$DATA eq 'OROH',

FOREVER E~ 'whil~ 1E

10-2
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:t DISF'LAY
J

l
MESSAEES I

06/16/92 PA8E 2

15 declarE! MESSA6E$1 {45} tlyt2 ccn":;tant {'REady To R~[ei\[2ZVEr 5iqndl •• ,Key Tnn:;:aitter') ;
lb declare MES3RGE$2 f4bJ nyte [Qn5ta~t i'Signal KEceivedSelEct D-Key fDrDis~lay BptiDflS')
17 declare MESSAGEi3 (20} byte constant ('Decoded DigitsA-!hit'l ;
18 de::1are XESSASE$4 (33) byte [onst-~[!t {'Tone nliratianstl=t2=t3=t4=tJ=ffis~ '} ;
19 declarE ~ESSA3E$5 {141 hyte (Qnsta~t {'Duration Error'} ;
20 declare ~ESSHEE~6 {49j byte constant ('Select:- C-Nextl-Tone Digits2-Freq.3-Freq. trrof" ;
21 declare ~ESSH6E$7 {64} byte constant {'Select:- C-Prev.4-TonE DuratiansS-Duraticn Error6-Guit Readings');
22 declare MESSAGE$8 (29i byte constant ('Tone Freq.{HzlF!=F2=F3=F4=F5=')
23 dEcla.re filESSASa9 (is) byte constant ('Frequenc'f Error') i

REAL-T ME iNTERRUPT PROCEDURES

24 2 INTRPTO: prQcedure interrupt 0 lising 2. j

declare{TRUE$FREG 1 TRUE$FREG1} byte
It ext. interrupt to process each
'* of the ::i-teines

26 2
27 2

28
30 3
31 3

no = off
EH :: eff

[all time{1!]} ;
TRUHFREGl = shr ({PI ~nd iSH) ,3 j

It disable all 2Xt. interrupts

11

39 4

37

41
1....
'tC

43
44
45
46

49

51

4

•,

,
o

6
t
6,
o
,
o

,
Q

6
6
t
6

THl = 3CH ;
TLl = UAFH
CH = O!}H
CL = f)l)H

DIS$ORDER = DISsORrER +
do case DI5iORDER

THO :: OF CH j

ILl) :: 17H
iRe: = 1 ;
!Ri = 1 j

eR = 1 :
FREG$GI81 = TRUE$FREG

TRG = U

TU) = PH ;
T_uURl = ELAPSED
ELAPSED = COH
,RO = 1 ;

10-3

Ii 5!)~"; ti:lin,; window
It for freq. gatinq
J* reset freq. cG~nter

It case I)

n caSE 1

It far 1st ton2 duratio1
It s t~r t to;;e tUiaticr; ti:i\er
If start g:lti~q peri;J1 far freq1.
It enable PC~ etr. ta ~Eas, fre~l.

If save fr2q. digit

n fur cnd tGne du;-atioTI
li save l~t tDne cur-aUrin Hlu2
It clear tQn~ duratiG~ variable
H start tone dlir~tiDn tiiliEr

t!
I1
11

I1

I1
t!
I1
I1
I1
I1
I1
J!

11
11
li
If
I1
I1
11
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,,0 6.,i'.J.

59 i
u

M'; "
62 7

63 "
b4 "
65 7

66 0,

'" 7'::11

68
,
0

69 i

70 6
71 6
72

,
0

73 6
74 6
75 6
76 6
"" 6: I

on "10 ,
B(} 7
n. 701
l"!'"i 7DC

83 "I
8~ 7
''j:=

06 6

l"!"'! t0 ,
B8 6
r-. .. 507

9:) !:.
91 0

?2
,
CS

ti,., 6;~

" 67'1'

!}~ 6

96 7
98 "
99 "

lGu
101 '1
i(J2 "
103 "
104

,
Q

l,'\~ L.i.t.}-...! '-'

106
,
c

107 .j

108 6
lf1=1 6
110

,
!:'

111 6

IVEI

Ht ;
eR =

if TRUE$FREu :: QEH thefi do]
FREGDIG2 = FREG$DIGl ;
REFEAT~FREQ$l :: set ;
eflC! ;

else dc ;
FREGtDISc :: TRUEtFREu

do j

TRO = G
rHO:: OFCH J

TUj=17H;
T_UUR2 = ELAPSED
ELAPSEL~ :: OOH
IRQ ; 1 ;
TRl :: 1 ;
eR = 1 ;

FREQJI83 = FREG$DIG2 i
REPEAT$FREQ$2 :: set
EriC j

eIs-~ d'J :;
FREQ$DI53 :: TRUE$FREG

end

ca. i
TRO = 0
THO :: eFCH :;
TLO :: PH ;
T_DiJF:3 :: EL~PSEn

ELAPSED :: OOH ;
IRe; :: 1
TRl :: 1
eR :: 1 j

i f TRU::FP~J :: /)EH then dQ
FREGDIS4 :: FREQ$DIG3 ;
RE;E~T$FRE]$3 :: set ;

end

do.
IRO :: 0 ;

TU) :: PH ;
T_uUR4 :: EL~PSETI

ELAPSED :: 00H
TRG :: :

10-4

fJb/16i92

It St.Ft g!ti.r\g ?Fi.act far fre;ic,
It e~~blE peA ctr. to sedS. freq2.

n rep-eat tone received?
It save previous freq. digit
/, cautrol flag used during freq.
It error calculatiains

It Sin~ freq. digit

If case 3
Il stop tone- duraticHl ti~er

It tiler reload v~lue

n filr 3rd tGll~ dura tiOit

fl save 2nd tone duration ',a-lue
It clear tmi2 duration variable
ii start tone dura Uon tiiller
It start gating period for freq3.
!* enab le peA ctr. to seas. freq3.

It repeat tDn~ received?
It save ~rE¥iotis freq. digit
(f contral fiag used during freq.
It error cl1culatioins

It c.:Ei~ 4
H stGp tone duraticm ti~er

1* ti~er reload value
It for 4th tone duration
it SaYE 3rd tone duntion value
It clear tan!? dura tio!i v;r i~b le
If start tone duntiol! ti!!~r

/, stlrt g~tiITg peried for freq4.
!i enable F'L~ etr. to meas. freq!r.

If r2~;1t tJ~= r€:eiy~d ?
/. s~y€ preiiclis fr2q. oiqit
It cantra! fl=g uS2d during freq.
It ErrDr !:al:ulati;Jins

It n::e 5
" 5 tr!~ tQ!!2 dun ticn tLiei

It tiier reload vali12
It for 5th tone GUi2tiofJ
It. save 4th tm!2 GijratiDn 'iahe
ft clear tone 1~iration variable'* start tonE durdtian tim.er

PAGE "0

t!
1/

1/
II
l!
tf

1I

1/
1/
II
l!
1I
l!
l!
1/
I1

I1
1I
l!
1/

II

t!
1I
l!
II
II
I1
II
II
1I

l!
II
1I
l/

1I

1I
l!
l/
l/
1I
l!
l!
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i12 6
1~ 1 6

114 7
116 7
117 7
118 '1

119 7

121 ~

122 6

T'!~T

LE.!.

TRl :: 1 i
eR :: 1 ;

if TRUE$FREQ ::: uEH thEn du
FREGDIG5 :: FREGiDI64 j

REPEATtFREQ$4 ::: set
end ;

els2 da ;
FR£G.53 [S5 ::: TRU[fFREtl
end

end ;

06/16/92

Jj start qating periud fur treq5.
It enab le peA [tr. to ilIeas. freq5.

!l r~jJ=a.t tone receiv"ed ?
1* save previolis fleq. digit
If cantral flag used during freq.
1* error calculations

It save freq. digit

PAGE 4

1/
1/

If
t!
11
11

t/

135 2 HO ::: Qfl

124
125
126
127
128
129
pt'!

131

133

6
6
b
b
6
6
6
6
<•

3 end;
EH::: Oli

end

do i
TRO ::: 0 j

TJWR5 ::: ELAPSED
ELAPSED ::: Omi j

CURRENT$FREQ ::: OH
DI6$CRDER ::: [)
DONE ::: 1 j

end

If case 6
1* stop tone duration tilHef
It save 5th tone dura UDn HIue
/i c1e~r tone duration variable
Il reset fleq. no. pointer
It reset digit order flag
H flag tac~ground task,
n ready ta disp lay rest! 1ts

1/
11
1/
11
11
1/
11
11

11

136 end INTRPTO ;

137 2
'! - - :

142 2-
143 3
145 3

[all ti>TIE(10) ;
KEYIN ::: rEi UP3 and OFijn j ;

{;~1l ti~2fli)! ;
KEYINl :: ntrt(P3 and OFOH j ;

if KEYIN ::: KEY 1Nl then do

ii allcr# nard~.:re to SEttle
/i and ;ask aff bits

1* key :: key pressed en keypad

11

l!
1/

1/

14b 3 end
147 End INTRPT1

148 2
149 ::
150 2
151 2-

153 2

155 2
156 2
~.:-r: r-
U! ,j:

158 3
159 4.
160 4
161 4
162 4-

163 4.

TlrERO: proc2dui2 interrupt GSlr.] 2
ELriPSED ::: £LHPSED f 1 ;
THO :: 1}FCH ;
TLO = 17H

TI~ER1: pro:::e,:ure 1\1 tern!~ t 3 liS in;
eR=!);
El :: C; ;
CURRENT$FREQ = CURRENT$FREG +

do CdS~ CURRENT$FREG

CUNTRl$L ::: CL
end ;

da ,
[DNTR2$H :: CH

10-5

fl iil.!ratiaTI ti~er interrupt
/t hs ca'J:rr teT
f* tiffiEf r210;1 v;lue
It for lfS interrupt

il int"2rrupt ta sto,E gated
fi freq. CDun t

!* freq. [DUn t far each af t~e

It 5 fre>:;. digits
l* case (i

li Easel
ft freql high counter vallie
fj freql la" (Gun t~f value

H ca.se2
It freq2 high cQunter value

1/
U
11
11

11
11
1/

11
11
If
11
11

11
11
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165 c,

166 4

167 4
16S 4
169 4
170 4

.... , 4ill

1'"1." 4I<

173 4
174 4

."'!~ 41 i..J

i76 4
~ ... .., ,
if! ,
J "!,, 41 IQ

1"0 3I,

180 2
181 2
''''':Jl!j....

CONTR2$L :: CL

GD J

CmHR3$H :: CH
CONTR3$L :: CL

end ;

do ;
CGNTRtt$!i :: CH
CUNTRtt$-L ;:: Cl..

end j

CfifiTR5iH = CH
CnNTR5$L ;:: CL

end
end

CH=Q1JHj
CL ;:: OOH ;
end TIMER!

{i fr~q2 lo~ CQUTIt~r value

If case3
H fl~q3 hig~ countEr value
{i freq3 IOIt [Gun ter value

n fraq!t high GH.m t2r \fi!lue
/. treqf ID~ CDUiiI2r value

It caseS
n. freq5 higil cm.m ter value
/* freq5 low counte. value

Ii clear peA cmm ter

i/

1/
1/
1/

If
1/
If

tt
11
11

If

I BEN ERA L P RDe EDURES I
183 2
184- 2
185 2
136 2
'M 2~OJ

fl""" 2lOQ

189

190 2
191 2
192 2
193 2
<1;1. ,
11"! 0

J I'!l: 2i 'L!

196

197 0

198 2
,91 2
200 0

201
,
0

202 2
203 2
204 t.

205 :i

"
206

'"'~-_ ... EClj!

2fJB 2
209 2

DISPlAY$SETuP : prucedure{LCD,INSTj
ttEclare {LeD) INST} byte;
call tilli2HCOi j

PO ;:: PO: or LeD j

P2 :;; INST ;
PO ;:: PO alid ODFH

end DISPL~¥$SETUP ;

DrSPLAY$ADDR : prGcedure(LCD,ADDR}
decldfe (LeD, ~DDR) byte
C-:i 11 tiili2 t1 OO} ,
Pi) : PO m" LCfl ;
P2 = ~DDR ;
P!) ;:: PO ana nc UlCiH

end DISPLAY$ADDR ;

DIS?LA¥!CHAR : prGc~dure{LCD.DATA)

declare (LeD, DATAl oyte
PO ;:: PO Of BOH ;
call ti~::(10j ;
Pr) ;:: PO Of LeD ;

call tii2(1O) ;
PO = pr} and 1FH

~TId OI5PLAY!CHAR ;

CALC$TTIUR$ERR : proc2durE tT_DURAT; ;
declare [T_DURAT, SC~L~ j =,te ;
c2clare iERR, Q~EF, ~~;~~=~~;) ~crd

10-6

If display init. on power-up

If enable display
n instr. to initialize
/t re~a¥e enaoie

iI allo. LeD to ."ttl.
It en~ble display
It. DD address
If re~Gve errajIE

It displ cnH. at a:dr.

t: enable Gispl~y

/l allow (EspIal ti~e t:l -settle
It nrit~ ascii bite
If aIla\ot dis~lay ti:ii~ tu settle
J~ fe~aV2 2TIaJle ;nd RS

!I
1/

t!

1/
tf
If

*1

If
1/
1/
t!
It
1/
!I

1/
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1I
1I
1I

1I

11

1I
t!

1I
if

1I

If
I './

II
11

1I

11
1I
If

II
II

II
If
If
1/
11

if
it

n any tune .duration errDr 'J

'* flO ~!
if liu sign required

11 yes "
it +'i~ error
It cal[til;t~ Xerror

Il round off remainder

It display ~ODEl

It round off re~ainder

If -ye error
{; calCI! late ~ eirur

It initiate cisplaying OT MOrE 1
If clear dispI~l

It display nODE 1
n iUessage l'iritte!'! tu display
/; setup display ~ddTess

it start ~·jM. t nJ. of
,; chars. tiJ ~r ite ta disp la'(

/t start add!. ! no. of
n etars. to ljrit~ tn displ~y

it display r.QDE 2
It clear di;;la1

Il writes chars. to display
It based an para~eters passed
Il illit. display ;:dress
!J jlfr ite ch;.;s. ta di.s) Idf

It MODE 2

iLl
J.\.il

29)

CLR$I.HSP j

15 i

FINERR :: OH
SIGN:: 20H

ERR:: (T_DURA; - 46Hi;100
FINtERR :: ERR ! 46H ;
OVER ~ FIN$ERR * 46H i
wuRKiDvER :: (ERR - OVER) i OAH ;
SCALE :: WGRKiQVER ! 46H ;
if SC~LE ):: 5 then FIN$ERR :: FINtERR+l
end ;

else do j

SI6~: ~ 2.DH
ERR:: (46H - T_OURATJll00
FIN$ERR :: ERR ! 46H ;
GvER :: F[N$ERR J 46H ;
WGRK$QVER :: (ERR - OVER) t OAH ;
SCALE :: ~uRK$aVER I 46H ;
if SCALE )= :I theli fIN$ERR ::: FIN$ERR+l

end;
else aD ;

if T DURAT ) 46H the\'! do .:

l ::: I) ;

Gill n$~·.EY { SOH,

L = 0 ;
call OPTrON$DG~ATION$l{ SOH,
call OprIGN$1l~N4TIDN$!{0[OHJ

end LHlC$TDURiERR

l=L+l ;

D$KEY : prccedufe{ADDRS J E$PRA~j ;
declare{ADDRS J E$PRAM) byte;
call DISPLHY$ADDRiLCniINST I ADDRBj
do ~hile L -( E$PRP.ff ;

call DISPLHY$CHARfLCD$DATA, MES5ASE2S(L})
L :: L + 1 ;

end

SELECHD$KEHMSc : prGCE<"1Ure ;
call rrISPLAY$SETuP(LGD$INST, CLR$JfSPi

DPTION$DDNATIQ~$l : prG[~jufe(ADDRSl E$PRA~)

aecla,e{ADDR.s J £$PRA~) byt':: ;
call DISPL~Y$AnDR{LCD$I~ST,A[DRSi ;
de ~hi!~ L < E$PRHn ;

call DISPLAY$CHAR{LCD$DAT~, rESSAGE6i(Ll}

end
e;:d OPTIDN$DGNATIGN$l

GPTION$DISPLR¥$l : procedure
call DISPLAV$SETUP{LCD$INST,

210 0
~

212 0
0

213 3
214 "0
0'" 3,-.!.,J

216 4
218 4
219 4-
cc>] it
221 4
222 4
'" 4cc~

224 4
'" 4c.eo

227 4
,,28 4
229 4
230 4
231 4
232 4
"'':1'' 4I:... ,;j-

234 4
236 4
c37 0

0

""'QC""'>t

,·Pt". 2C~7

240 ,
"

241 2
242 ..,

"
"'1/." 3C"'!'J

244
,
0

245
,
,;i

"'Il.l
c'tO

""_~ 2C"'ti

248 0c
249 2.
"'I.~," 2.c,i'1

2.-=:1 "252 2
2Ji

254 2
'-'I;""l:' 2c.,J,.,

256 2
257 :1
'"'-=,'1 .,
C,JQ ,
259 ::;
260 3
"",.
COL

,,' 2CelC

26-3
,
c

""ff. 2cc't

265 2
~i.L

"l...~"'"

10-7
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267 2
268 2
269

call aPTIQN$Da~HTION$l{ 9GH, 36}
(ell DPTIDN$VDNATIDNl!lODOH, 49'

end GPiIGN$DiSPLAYsl

Il passed tJ proc. il

270
271
272

274

GUIT$MSG ; procedure
cal! DI8PL~Y$ADnR{LCn$rN5T,OVRH]

L = 14;
do llihi Le l <2C i

call DI5PL~¥$CHRR(LCD$DHTA, ~ESSA6E$3{L))

/i display ~-auit

It write chars. tD displ,~1<

11

il
275 3
276 3
2.77 1

L = L + I
end ;

end GUITiMSB

278

280

DECGDEDHONE procedure;

call DISPLAYfSETUP{LCD$INST, CLR$DISP)
call DISPLAY$ADDR{LCU$INST,SlH)

It display decoded tones'
It fnq. digits
/l clear display
li init. display' ~ddiess

il
if
il
il

2B3 3

231 ~

282 3
if

if
11
if
'I
if
if
if

il
f/
if

Ii write freq. digit "<
It irri t. cii5~12Y address
ti #T~t~ fr2q. di~ it 3
It init. display address
/I write freq. digit ,.,
It iuiL displ,y ad-dress
11 ;jrite freq. digit r

J

It init. display address
Jj write fr2q. digit 1
It alIa. display ti;e to settle

li display ~CDE 4

L = 0 ;
do 8hile L { 14 j

call DISPlAY$CHAR{LCDiDATA J ~ESSASE$3(L})

l = L + 1
end ,
call a1lIHXSS ;
call lliSPLAY$~DllR{LCn$INST ,93Hl
call DISPlAY$GHARlLCDsVATA J (FREG$DI61 Of ZOH))
nil ti;eUO} ;
call DISPLAr$AnDR{LGntrNST}9JP.~

call DISPLAY$CHAR{lCD$DATA, (FREG$DIB2 Of 30H))
call DI5PL~Yta.~DR(LC~!rNST,97H) i
L~ll DISPL~~$CHAR{LCD$nAT~, {FR~G$nl~3 Of ~OHi~

call nISPLAr$~aDR(LCDirNSTJ99HJ j

call DISPLAYiCHAR(LCD$DATA, (FREG$DIS4 or 30H)!
call D[SPl~Y$ADaR{LCD$IN5TJqBHJ j

call DI5PLAHCHMULCD$DATA, {FREQ$Di65 Of 3DHD
end DECODETI$T8NE ;

2
2
2

2
2

291

28S
28b

"H·I1~

C7~

289

216
297

299

303

2

FREG$DuNATIGN procedure{~DDRS, E$PRA~i

declareiATIDRS! EiPRAN ) byte
call DtSPLAY$AllDR{LCD$!NST ,ADGRSi
cia ¥thile L { aPRA!'l ;

call DISPLAY$CHA.R{LCD$DATH, ~ESSA6E8$(L)J

t =L + 1
End

fi wr He freq. no. for MODE' 5 :; &6
!l tu display
It iiii t. ~i-;?la't ~djr~s.;

If display Fx= ~essage

i/
il
i!

il

3.07 2
308 :J

... ,.., .,
~lC .J

313 3

FREu$H£~DINB : pfDceduiE ;
call llISPLAyiSETUP{LCD$INST, CLR~DrSPJ

Cell DI5PL~¥$~rDR(L[D$INSTf81H}

L = Q ;

;fa if~iI2 L <14 ;
call DISPLHYtCHAR(LCD$DATA, [;ESS~GE$8{L))

L = L t 1 i

Ij ~rit? t2ading fo, MODE 5
li clear ~i~~lay

If displ,;y tG~e fr€tf.tHz}

It write tonE freq,(Hz}
It tu diSjj1ar

1/
1/
1/

314 3
315 2
316

318

2

end

c~ll FREG$DuN~TIQN{90H,

call FREQ$DCNATICN{ODOH,
call FREatDGNATIuN(UC9H,

201
23i

/l dispI~l '''''-'r"l-

iI 4ispl~y 'F2='
11 disp [3Y 'F3='
li display 'F4='

t'./
il
1/
il

10-8
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319 2
:320 2
321

call FREQ$DGNATION{99H, 29)
call QUIT$1'tSS ;

end FREa$~EADING j

It display 'F5:' tl

'"''''''·lee

323
324
325
326
..., •.,"'1
';'Ci

329

"p..,;,
.:J-:J\J

333
334

2

"
""
""
""
"
o•

FREGsCALC : prDcedure (CuNTR$H, CGNTR$L ) j

dEclar~ {CGNTR$H, CGNTR$L, FREQ$IN, NEW$DI61,
CiJNTRK = doublE(CJNTRiU ;
CONTR$H =dOuble{CGNTR$H} ;
CGNTR$H = shl(CUNTR~H,8) j

FREG$IN = {CuNTRiH or CGNTRiL} j 05H

F$D!61 ={FREQ$INI3E8H } or 3GH
NEWiDI61 =FREG$IN mod 3EBH ;

F$DIS2 =( NEWfDI61/64H ) or 30H
NE~$DI62 = NEWiDlfil ~od 64H ;

FiDI53 =( NEW$nr82fOAH ) or 30H ;

FfDIS4 ={NEWiDIS2 lod OAH } or 30H
end FREI]$CAlC j

1* eale. freq. froii no. of ga ted
NEWtDI62 ) ward j

It nibble to byte conversion

It bit ianipulatirm
If NB!! V.I.? COUNT t 20/4
n 20 :- (DrIVer ts to sec.
It 4:- freq ••tilt. by 4 so we
It lust scale down for carrect
Il dispiay af std. input freq.
It hex to ascii cony. for displ,

It he. to ascii cony. for displ.

It hex to ascii cony. for dispI.

caunts tl

tf

tl
tl
II
tl
tl
tf
tf

tl

tl

335 2
336 2
337 2
333 2
339 2
340 2
341 2
342

DISPLAY$FREH : procedure{FREG$ADDR, F$DIS1, F$DIS2, F$DI63, FSDI64) ;
d;clare (FREa$~DDRJ FtD!61, FiDloc, FtDI63, F$DIB41 byte;
[all DISPLAHADDR(LCHHiST, FREG$ADORI It display freq. at correct
call lHSPLAnCHAR{LC!1$DATA, HDI8U If pasitiorr ail the display·
call DISPLAYiCHAR{LCll$OATA, F$DIS2i It for MUDE 5
call llISPLAY$CHARfLCD$DATA, F$DIG3i
call DISPLAY$CHAR{lCD!DATA, fiDI84)

end DISPLAYsFREQ ;

tl
tl
tI

343
344

346

2

"3
3

PERG$nI5PL~Y : praceaure{L}
declare U.; byte ;
do while L <32 ;

call DI5FLHY$CHAR(LCD~DATA, MESSASEi4(L)}

It display 'X' for xaDE 6

It write 'X' to display

tl

tl
347 3 L = L + 1 ;
348 3 end
349 2~d PERC$DISPLAY

350 2
351 2
352 2

r;~;;; .,
';:0..' ,.j

356 3
357 3
358 2
359 2
360 2
361 2
362 2
363 2
364 2
365 2
366 2
367 2

FRE~$ERR$HEADINS prGc~1ure j

c~ll DISPLAY$SETUP{LCD$IN5T, CLR$JISP}
call DI5PLA¥$HDDR{LCu$INST,80Hl
L = i) ,;

dD ~hile L { 15 i
call DISPL~Y$CHHR(~CD$DAT~, nESS~G~$9{L))

L=L+lj
end
L = 14

l = 17 ,;
call FREG$DONATImH9GH, 19)
L = 20 ;
cdll FREGSDCNATIDN{ODOH, 22)
L :: 23 ;
call FREQ$DGNATIONfOC9H, 25J
l = cb j

call FREIT!DGNATIDN{99H, 2H)

10-9

/i ~rite heading for MODE 6
/; clear di~pl~f

/l init. display acdiess

It writ~ 'FrEquency Error'
Il heading to display

/t display 'F1::''* i!Jit. display address
If display 'F2='

II display 'F3='

It display 'F4:'

It display 'F5='

tl
tl
tl

tl
tl

tl
tl
tf

tl

tl

tf



STD$FREG =STD$FREQiTABLE{F$DiGITJ It g~t std. freq frG~ array

SHG~$FREG$ERR procedure (FREQ;ADDR, SIGN, F$uIG1, Ftnr62J ;
decl~re {FREQ$ADDR, SrG~, F$nIG1~ FtDI621 tytE il ctispl~y ~QDE 6

c~ll DI.5PUWiADDR{LCD$INST, FREQ$ADDRi II init. display ajjr~ss

CALCiFREtUERR : proc~dlire {CGNTR$H, CDNTRiL J F$:a rGIn ; If ca le • freq. error
declare (CONTRlH, CGNTR$L, FREGSIN, STD$FREa, ERR ) word ;
declare (F$DIGIT, SCALE) byte

CGNTR$L = dUlih12{~ONTR$L) It nibble to byte conversion
CQNTRiH =dauole{CGNTR$Hl ;
CaNTR$H = s~UcaNTtHH,B1 ; /f hit sanipulatiOIT
FREG$IN = (CONTR$H or CONTRsLi i Q5H It convert to seconds

it

/1
I './

11

11

11

11
fI
11

11
11
1I

11
/1

1I
il
/1
It
/1

PAGE 9

11

f!

11

1I
/1

1I

/1
1I
/1

06116/92

between 10 and 100 ?
)= U

It qllit ~essag~ for MGuE b

If freq. leas. = std. IVEI
11 frEq. digit?
fj error::: 0

It error <a

It - error

11 frEq. ;Eas. } std. ZVEI frEq. ?
It + error

" error <10 ?
If cale. enuf
11 use FinIS1 as variables li;ited
It store
If use FREG$IN as variables li;ited

It dl~plal sign
I; display e,ror
/; display Ce[ilal point
It dis~laf rElainder
It display units

End

end ;
else do ;

if ERR )= OAH and ERR {= 64H then da It error
ERR = (ERJU64H l j It error
FtDIGl =ERR1STD$FREG ; It store
fREG$IN={ERR-{F$nISlfSTll~fR£~J;tO~H j

FUH62 = FREGHNfSTD$FF:EQ ; It stare

if SCALE )= 05H theTI F$DI62 = F$uIS2 + 1 i
SCALE = FREGiIN1STD$FRE9 ;

F$DrS2 = (ERRiOAHJ/STu$FREa
FREu$IN = 5Tn~FREQtF$DIS2 ;
fREG$IN =({ERRiOAHJ - FREQ$INjtOAH

if £RR <OAH then CD ;
ERR = {ERRio;H l ;
F~DrGl = ERRISTDtFREG

end ;
els2 do ;

SIGN:: 2DH j

ERR:: STD$FREG - FREG$IN
End;

S!6N =
if FREllHN ~ STll$FREtl then do

FiUISI =DOH
FiDIS2 = OOH
end ;

else do ;
if FREQ$IN ) STDiFREG then do j

SISN :: 2BH ;
ERR =FREGiIN - STD$FREQ

end

zvn

(all llUIT$~SiJ j

end FREG$ERR$HEADING

c~ll VI5PLHY!CHrlR(LCll$r;'T~~ 5I8N~ j

call DISPLAY$CHAR(LCu$DATA, {FfDI61 or 30H)}
call nISPLAY$CHAR{LCD$uATA J 2CHl ;
call UISPLAY$CHRR{LCil$DATA, {FirrrS2 Of 30H})
call PERC$nISPL~Y(31)

erri SHa~$FREa$ERR ;

""P'1 2.,)/jC)

369

370 2
"'I':'; ..
..if l- r:
'7" ..,),r;. r:

373 ..r:
374 ..

r:

375' 2.... , 2~iQ

377 2

..... 3,,3/Q

380 ,,
381 ..,
382 3
383 3
384 ,,
..no 4"'D..;

3B7 ,
•

385 4
'1"l"I 4J:01

390 ,.,..... 4.l1l

3n ,
•

393'
,
•

394 4
",;!,'<i ,.
·.nQ •
397 4
398 4
399 ,

•
40u ,.•
401 ,.•
402 4
404 ,.•
40S 4
406 5
408 0

0

409 5
41f} 0

"
411 0

0

412 5
413

,
•

414 ..
,:-

41:1

416 ..,=
417 2
413 ..

r:

419 2
q.£{] 2
421 ..

r:
I."'''' ..
'tc-e r:

4.23 ,
r:

424 1

F'L/1't-51 COMPILER
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call nISPLAY$CHARtLCO$DATA, DUR$MSB2)

end j

end ilsillISPLM

L = 17 j

call TaNE$rURAT$~5S(9aH, ca] j

if

if
i/

if
if
if

11
if
if

If
if
if
if
if

f!
i/

if
f!

if
if

11
H

11

i/

if

It dis~lai units

1* display units

It. display li~its

If writ2 'tt::'
n display 1st tCfi2 GUfatiaTI

/t re-init. array pointer
fj ~rit~ It3:: 1

If display 3rd tone duration

ti rE~-init. array painter
Ii Ii,ite '(2='

/i display 2nd taTIe duratioTI

'* heading for MODE 7

If. display 'is' far HflflE 7

If dispIa), MQDE 7
It clear display

If write 'Tane Dura~ions'

fj ta dis~lay

If start addr. l no. ef
Ii chars. to write to display
fi passed to prac.

It display MOnE 3
It cledf display

It display tone dlira:tion
/i heading for XUD£ 7

If writes chars. to dis~lar

1* based On p~ra~et2rs passed
It init. display acrcrress
It write chars. bJ disphy
Il MOD£ 3

'* write ';5 tu display

481
63)

call TDNE$DURAT$~S81 aCON f 17; ;
call DI8?LHr$CHAR(LCn~DHT;, DUR$~SBt}

call VrjPLfi't$CHARlLrD$D,4TH, DURKSP1J
call ~s$DISPL~Y(29)

ca 11 DISPLA'{$CH~R (lCNDHT~ J DUR$lSE'2 j

call ;stGISFLAY{29i

L :: 20 j

call TOtJ_aQijR~HMS6U)DOH,231 ;
call DISPl~Y$CHAR(LCD$DATA, DUR$~SB3)

call DISPLAY$CHAR{lCD$nAi~, DURtLSE3)
call is$DISPLAH29} ;

QPrraN$DaN~TrQN$c : placedure(~DaRS~ E$PR~~l

decIare{ADTIRS, BPRAni byte;
c~Ir DISPLAY$AODR{LCO$fN5T,ADGRSl
do "hi le L { E$PRArf ;

call OISPLAY$CHARfLCD$UATA, nESS~GE7t(LJf

L=Ltl;

UPTIDNiDISPLAYi2 : procedure ;
call DI5PLAYfSETUP{LCD$INST,
L = 0 ;
call DPTION$DONATIDNi2{ SOH,
call OPTIDN!DaN~TIUN$2{QCOH,

call OPTIDN$DGNATIDNi2( 90H,
call GPTIDN$DDNATIDNi2{OnOH,

end OPTIGN$DISPLAY$2 ;

end OPTION$DONhTION$2

TONEiDURATIGNS pracadure;
call DISPLAYiSETUP{LCD$!NST, CLR$DISPi
L = 0 ;
call TONE$llURAT$~SS{81H, Iq} ;

Is$llISPL~Y : prQcecturefLj
declar~ (U byte j

do ~hile L <31 ;
call DISPLAY$CHHRtLCll$DATA, MESSAGE$4fL)}
L = L t 1

10~E$DURAT$~S6 : prG[erl~re{~DnRS, E$PR~tt}

declare(~DDRS, E$PRH~} byte;
call DISPLAY$ADDR(LCD$INST,ADDRSl ;
cia whilt! l <. E$PRAt1 ;

c;11 DIS?LAY$CHAR(LCD$D~TA, ~E3SAEE4$(L)}

l=L+lj
end;

end TU~E$DUR~r$~gS

425
,
c

426 2
427 ,

c

42B 3
4"0 ".c, 0

430 "0
431 3
432

433 0•
434 "c
435 C
436 "c
437 2
438 2
439 2
440 1

441 2
44e 2
443 2
444 3
445 "0
446 3
447

,
0

44~ 1

449 "c
450 "c
451 3
452 ",
453 "0
454 3
455

456 2
457 2
458. 2
459 2

1.1'·' 2'to'"
461 2
/.r::, 2'tCI...

463 "c

464 2
46;; 2
4b6 "0
467 "0
468 2

469 "c
47J} 2
41 ' 2,1

472 "c
/,"''''1 2'tJ,J

10-11
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!t7ft
,
c

475 2
476 2
477

,
c

4?B 2

4Ti ,
c

4BO
,
c

481
,
c

482
,
c

433 2
484

,
c

485

486
,
c

487 2
488 2
489 2
490 3
491

,
0

lL":'l 3,7~

493 ,
0

494 2
1."<:' 2't1'J

496 0

"m ,
c

498 2
499

,
c

:it)!} 2

<" 2,J!! ;..

<:"i'" 0,,}'.·C "
503 2
504 2
505 2
J()6 ,

c
50!

,
C

r/1" 2<!v!:!

509 2
Sir; 2
<j! 2..1.1..1.

Jt2 £
<="t':l 2JJ""
/:.1. e",il"!"

515 2
516 0

"
517

,
c

s=,n 2,1 ...~

519
,
c

520
,
c

~~1 2'..';.... 1.

r"'" C·..le£:.

I _:;'\ •
L - C.2 ,

call TUNE$TIURAT$~SG{OC9H, 2b} ;
call ilISPLAY$CHARiLCU$DATA, ilUR$nSB4j
call OISPL~Y$CHAR{LCD$~~TA!nUR$LSB4)
cllI isfliI5PLAY{ct}

L ~ 26 ;
call iDNE$DURAI$MS3{99H, 29} ;
call DISPL~r$CH~R{L[D$D~TR, DUR$~SBJl

call DISFLAY~CHAR{LCD$DATA, DUR$LSB5l
[all iis$DI5PLAH29j
caIl UUIT$I1S6 ;

end TONEiDURATluNS ;

TDNESDURATluNtERR : procedure ;
call OISPLAY$5ETUP{LCD$INST, CLRiDISPl
call DISPLAY$ADDR{LCD$INST, 81H) ;
l = 0 ;
do while L ( 14 ;

call llISPLAYiCHAR{LCD$DATH, ~ESSAGE$5{L}1

l = L + 1 ;
end ;

1. = 14 i
call TONE$DURAT$~SS(OCOH, 17) ;
call DISPLAY$ADDRiLCD$INST, OC3HJ
call DIS?LAY$CH~RtLCD$DRi~J PliSiNEG1) ;
call DISPL~Y$CHRR(L[DiV~TR! DUR$ERR$~SB1}

call DISPLAY$CHARiLCD$DATA, DUR$ERR$LSBll
cail FERC$DISPlAYl31}

L = 17 ;
call TDNE$DUR~T$MSG{90H, to} ;
call DrSPLHt$ADDR(lCDiINST, 93Hi
call DISFLAY$CHAR{LCD$DATA, POS$~EG2)

call DISPLAY$CHAR{LCu$DHfA, uUR$ERR$~5B~1

call DISPLAY$CHAR(LCDSDATA, DUR$ERR$LSB2l
call PERC$uISPl~Yi311

L : 20 ;
call TGNEiDURAT$XSS{ODOH, 23} j

call DI5PL~Y$AUDRiLCO$rNST, OD3Hj
call DISPLAY$CHAR{LCD$D~TA, PGSSNEG3l
c~ll Dlj~LAY$CHAR{LCD$DAT~J DUR$ERR$MSB3)
call DrSPLHY$CHAR(LCD$D~TA~ DUR$ERR$LSB3i
call ?ER~~DISPLAY(31)

L ~ 23 ;
call TONE$DURAT$nSafOC9H, 26; i
[~ll DrSPLA.¥$~DDR(LCDiINST! uLeN!
call uI5PLRrtCHARlLCD$DHTA, PDS$NE54)
call DrSPL~Y$CHAR{LLD$nATA,DURiERRSMSS4)
call DISPL~¥~CHhR{LCD$up.T~, ilUR$ERR$LSB4)
call PERC$DISPLA¥(31)

L : 26

10-12

if re-init. arra, painter
il .rite 't4='
It display 4th tune duration

II displa, ",its

It f~-init. array paiuter
It writ~ . t5='
If displdy ~th tufie dardtiGIT

1I display units
It quit cessage far MODE 7

It display MODE e
It clear display
1I iniL display address

It write 'Duration Error'
n to display

It ioU. array painter
n write 'tt:' to display
1I init. display address
11 display sign f·)f t1
If display 1st tDne duratiDJ error

It display units

/i re-init. array pointEr
It write 't2=' to display
It foft. display address
Ii display sign for t2
/t display 2rra tcn~ duration error

It re-init. array painter
f1, write 't3:' to display
It lait. display a'!dre-3s
It display sign far t3
It displ~y 3r1 tone duration errer

I. display llilits

It re-init. array painter
it wiite 't4:' tn display
It intt. diSpLay address
If displ~y sign for t4
1* display 4th tune duration error

It display units

It fe-in it. array pointer

fI
If
If

/1
I1
if

I1
If

11
I1
If

if
fI

I1
I1
/1
If
tI

t!

t!
I1
II
*t
tI

/1

I1
I1
If
I1
It

I1

I1
I1
I1
t!
I1

It
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~""
,

..lC>.! 0

524 C
c;"'.e Co"lC,J

52,5 E
!i"l"l ,
""Cl C

5ca c
529 t
530

call TGNE$nURAT$~SS{99H, 291 ;
call DISPLAY$ADDR{lCD$INST, 9CHJ
call DISPLAYSCHARfLCDtDATA, PQS$NEG5i
call nI5PL~Y$CH~R{LCDtD~TAJ rUR$ERR$~585j

call DISPLAY$CHAR(LCDiDATA, DUR$ERR$L5B51
call PERC$DISPLAY(31l
call atHHMSG ;

~nd TGNE$nUR~TluN$ERR

/i write 'tS::' ta display t!
H hit. displa1· address if
1I disel.y sign for t5 I1
If displdy 5th tone duration error If

It display units H
If quit ;2ssage for ManEat!

N TAL SAT I DN

If wdag off, external cGunt ifp enab. CF::C if
It rlin aff, (a~~. capt. flags cl~ar il'* disabled t!
It disabled l!

I; display:: alp, loijer nibble spare t!
H ref. freq ! sig i/p set to ilp H
1I port t all alp far disp a.jdr. I data H
It HHu ~ niB ait. func, 3.4 -} 3.7 ~eybd 'f

l/

1/

I1
If

I1
If

If

If
tl

trig. H
H
If
I1
I1

It 50~s g~ting window

it iuit. tane du:aticns

!J order ef tone sequence
It repeat freq. flags

It current frEQ. being ieasure~

It in it. [Dun t reg for fn:q. leas.

If init. freq! high CDunter value
If init. freql 11J~ counter nlu2

It tiler 0, t eode 2, auto reload
Il Eoer 0, 1 Off, INTO l lNTl leve1
It no serial ca~ls. implelented
1I glooal, TO, H, £la l EH int's. en.ol.
If INTO higher priority TO, INTl, Tt lONer
If pQ~er down, idle made inhibited

Cm~TR2$L =

niUD :: 000l0001B
TCON :: OOOOONlOB
semi:: 0 ;
IE :: 10001111B
IF = 01H
PCGN :: 0

THt _ .,r-u •
Iru - ,jl."ll ,

TU :: OAFH j

CURRENTiFREti :: ~rl

C~uD :: 000001103
ceaN :: f)OH j

CC~FM2 = OOOOOOOOB
CCAPM4 :: 01001000B

TJi!JR4 :: OH
T)JJR5 :: OH

[ONTRUl = QOH
CGNTR2$H :: DOH

PI) :: OOH ;
Pl :: GFFH;
P2 :: OOH
F3 :: QCH

T_uURl :; OH
TJUR2 :: OH
T IiUR3 :: OH

CH :: QOH
CL :: OOH

CGNT~'3$L = fjrjH
CmHR4$H = OOH
emHRt.$L = 0011
CQiiTRS$H :: OOH

DI6SQRDER :: er ,

REPL~T$FRE~$l =0
REPEAT$FREG$2 :: 0
REPEAHFREG$3 :: 0

531 1
<"...!.:le.

533
534

535
<" 1'"'~o

537 1
538 1
539
540

541 1
S42· 1
543
544

545 1
5"46 1
547 1
548 1
549 1

550
£;:I:;"!,-,,",,,,

552
r::-l:;"')
o"l,J-"

554
&;!;"l:;"
•.!o,,!>o/

556
r:,.~7

558
t=l::1"\
...!o,,!7

56;}
5~1

562
-563
564

<-< 1;,JQ;,J

<- , 1~lJQ

567
56-8

10-13
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,
•

., -:>•

:, t:~E ti~E ~uratl:R ::Jnter
I1 :."li2I,zo 2,1 Ilag.

ii
I;

,
. 11itialize PDWer-U~ Cnnditi3n Ot ri5~laY.
~ _ r

:74 !
1/

/l .jis~lay en~ble::i~ :~str. iRS = ~), :2 lines f 518 Dets! 8 bIt i/
call DI5PLp.Y1SETUP(LSD$INST~ FUNC$SET; ;

576

f!

!

l!

1/

I!

i; se1:a11 ree. ! re~dy for dis:lav
fl init. cisplav a:dr2ss

is :~5 d2bcE~ce pe;:~1 2fro~ ::5p,(!~~~; l
It l1e;: to ;'5::'i CG!'l"i':fS1Cl1 If

n far tane duntiJ!1 2 jj

If display 5CD£ @

L=L+l;
end !

~~ ~ril2 L 4~:

:a11 Jr:?_ArsC~AR(LC~ij;~;, ~ESS~BE$l\L.

[ill Dl5F~~Y$;nDR;~CD$rNST! SlH: ;
'- ::: ~ ;
10 MhilE L ( 16 ;

:alI DrSPl~V$CHAR(LCD$J~rA, r.ESSF.SE$l{Lj}

call DISPLAY'ADDR(LCD$INS~, 0C1H)
do ~hile L ( 3~ ;

~alI nrSPLAY$CH~R{LCDfnATA, ~£SSteE$~tlJ!

L=L+l:

T_DUE~Tl = i~}L_R:+~)-~4H f
:UPirSSl = n-_jjRAL;'J;1-; Jr 3~h

rUR;_SE~ = :~_JJR~T: ~G: ~2t! QT Si~

T_jL~~:2 ='_DUR2+3 ;
DUR;~SE2 = tT_DURATZ!2A~; or 3~K ;

da FJREVER ;:77 2

57B ,
0

520 3
591 3
582 l

583 4
564 4
585 4
586 ,

v

587 :,

588 4
589 !

=.:,,'- ,
"-.
:·~2 ~

~~.~ ;
er, l"
:~5 l

59t .,

=:;7

5~'~
.,

:tU .,

6~i
.,

6~Z 3
t~3

tZ4 .,__,

6i5 3
616 .,

6~7
T

"

10-14
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DUR$MSB3 = {T_DURAT3/0AHi Ut 30H ;
DURtLSB3 = (T_llURAT3 lad O~N} or 30H

TJWRHT4 = f_uIJR4+3 ;
DUR$nSB4 = (T_DURAT4/CAH} Of 30H j

DURiLSB4 = (r_DUR~r4 mad GAHJ or SaH

T_DURAT5 ={T_DURJ+3J-19H
DUR$MSB5 = {T_DURAT5/0~Hi or 30H j

DUR$L5B5 = (T_DURAT5 ffiGd OAHi or 30H

call CALC$TDUR$ERRIT_DURAT21
T$flURAT2$ERR : FIN$ERR ;
PDSSNE62 =SIGN ;
DUHSERR$nSB2 =CTtDURAT2$ERR/OAH) Of 30H ;
DUR$ERR$LSB2 = IT$DURAT2$ERR !od CAHI or 30H

If
:r
if
if
if

if
if
if
if
if

if
if
il
If
if

u
U
il
U
11
if

if

if
if
if
if

II

if
if
if
H
il

r/
II
H

il
if
if
if
II

It res~t receiv~d 5-tane sequ~nc~ fl~g

It ready to display ressults
It enable MODE 2
It enable keypad intErrupt

It display ~CDE 1

Jf iait. keypad buffer
li display all para!eters
It D-<ey pressed ?

It while MODE 2 active
It en~t!e ~GDE 3
li display MODE 2

If eSiS mean tor no-tone period
li hex ta ascii conversion
It for tone duration ~

It tone duration 2 error calculation
It error for tone 2
Ii pos. I neg. error
li convert to ascii
Ii for displaying

It 3i5 debaunce period error ([j;j'jp. larO) t!
It hex to l1scii conversion if
If for tone duration ~ tI

li clear key pad Duffer

1* hex to ascii conversion if
/j far tane duration :1 fl

It tonE duration 5 error calculation
It error for tone :i
It pas. f neg. error
1* convert to ascii
Il for displaying

lJ tone duratinn it error calculation
If error far torre 4
li pos. I neg. error
If convert to ascii
Ii for displaying

It tone duration 3 error calculation
It error tDr ton~ 3
It pus. I neg. error
If tanvert to eS[ii
li for displaying

It tone duration 1 error calculation
li error for tone 1
li pos. I neg. error
It convert to ascii
It for displaying

,
30H

call CALC$TDUR$ERR{T_DURAT1)
T$DURAT1$ERR =FINiERR j

PGS$NEBl =SIGN j

DUR$ERR$MSBl = fT$DURAT1$ERR10AH) or 3QH ;
DUR$ERR$LSBl =fTiDURAT1$ERR lad OAHJ or 30H

KEY = OQH

call SELECT$D$KEYiMS8

[all CRLC$TuUR$ERR{T_uURAT5i
T$DURP,T5$ERR ~ FINiERR ;
POS$NEG5 =SIGN j

DUR$ERR$~SBS = {T$DURAT5$ERRIOAHl or 30H
DUR$ERR$LSB5 = {T$DURAT5tERR mad O~H} or

call LHLC$TDUR$ERR{T_DUR~T3)

l$rURAr3~ERR =FIN$ERR ;
POSiNE83 =SIGN ;
liURfERRtHSB3 = (T$DUR~T3$ERR!OAH} or 30H
DUR$S~R$LSB3 = (TtDURAT3$ERR @od OAH) or 30H

DDNE=O;
DISPLAY$RESULT5 = SEt ;

PISPLAY$DPTIDN$! =SEt

call CALC$TDUR$ERRtT_DURAT41
T$DUR~T4$£RR ~ fINtERR ;
POSiNES4 ~ SIGN ;
DUR$ERR$MSB4 =(r$DUR~T4$ERR/OAHJ or 30H j

nURiERRlLSB4 = fl$TIURAT4$ERR mad QAH) or 3CH

KEY = {)OH j

da while DISPlAYiRE5ULTS
if KEY = GFfH thEn da ;

ca while nISPLAY$OPTlnN$l j

nrSPLAY$GPTrONfc =set;
call GPTIONiDISPLAYil

Ell = 1
Err1 ;

b08 3
1'" ,
.... '17 "
610 0

~

611
,
", 4 ''I ,

Oli: 0

613 :3
614 3
6'· 3lJ

616
,
"

617
,
"

618
,
"

619
,
"620 3

<0' ,
QC.!. "
b2~ 3
'" 300':-:>

h24 3
625

,
"

6~6 3
62? ,

"bea ,
"

62~ "-

"630 3

631
,,

l"i"i 30';;;:'

J"i"1 ~,

U':!.J ,
634 3
635

,
•

1"
,

~J!:!
,

637
,
J

638
,
,::

639 3
040 3

641 0

"

H·E 0

"
643 :::
644 3
645

,,
646 {;

647 E:
648 3
tA9 4
651 •J
,,;, <u",c J

053 •"
654 5
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da while (KEY () OFH and KEY () IFH and KEY () cFH and KEV () OBFHI j

KEY = OOH I1 clear key pad buffer 11
end ;

If freq3 error, ~GDE b 11

It (ale. freq2 error %1

It freq2 errur, rODE 6 it

11

11
11

If
11
11

PAGE 1~

If freql, gated cQunts H
If disp. fregl. nODE 5 11

11 A-Quit ?

It r~p!?lt tune? fl
It error using 2600hz fI

It repea t tone? jj

It error t!-5iTI'~ 2600hz H

It -freq5, ga ted CQun ts t I
If disp. freqS. MODE 5 II

If clear Key pad buffer if

11 display rODE 6' 11
n 'Frequene'( Error' tI
It cale. freql. Error l'
ft freql error) nDDE 6 lr

It eale. freq3 Error il

11 freq3, gated caunts fl
11 disp. freq3. ~ODE 5 11

11 display ~DDE 5 ?
I1 'Tone Freg.(H:)'

It display ~ODE 4 ~

It yes !!
11 A-Quit ?

11 freq4, ga ted CDun ts 11
11 disp. freq4. ~ODE 5 11

11 freqc, gated calints 11
11 disp. freqc. ~ODE 5 11

It clear key pad buffer II

06116/92

call FREG$CALCfCGNTR4$H, (DNTR4$L) j

call DISPLp,Y$FREG (OGCH, FiDIS1, F$DI62, F!DIG3, F$DIS4i

call fREGiCALCfCGNTR3$H, CQNTR3fLl j

call DISPLAYiFREG (Oll3H, fiDIS1, FfOIS2, F$DI63, F$DI64~

call FREufCALCICDNTR1$H, CflNTR1SL) ;
call nr5PL~f$FR£a (OG3H, FtDI5!, FfDI62, ffDIS3, F$DI541

raIl FREO$CALC{CGNTR2iH, CGNTR2iL) j

call DI5PLAY$FRE~ {93H, FiDISl, F$DI62, F$DIS3, F$Dr64l

end ;

call FREQ$CALC~CDNTR5$H, rONTRS$LI j

call DISFLAY$FREg f9CH, FiDIG1, F$OIS2, FiDI63, FiDIS4)

KEY :; OOH ;

if REPEAT$FREGil :; set then do
tall CALCSFREQiERR{CGNTR2$n, CQNTR2~L, 10nl
end;

els~ cr,] ;
call C~LC$FREG$ERR{CGNTR2$H, CONTR2$L, FRE~tnIG2)

end j

call SHG~$FREG$ERR{92H, SIEN, FtDIS1, FSDIB2) ;

if REPEAnFREG$~ :; set then do ;
call CALC$rREGtERR{CONTR3$H, CCNTR.3$L, lOD)
end ;.

else dQ ;
call CALC$FREG1ERR{CGNTR31H, CQNTR3SL, FREQtDI53J
end;

call 5HC~$FREG$ERFHC1J2H, SIGN, FiDIal, nDIS2l ;

end ;
KEY:; (H}H

du while KEY {) 3FH

if KEY:; QfH then do ;
tall DECOOED$TONE

if KEY = IFH then do j

call FR£USHEADIN6 ;

if KEY = 2FH th~fj do ;
call FREG$ERR$HEADIN6 ;
call CALCiFREQ$ERRtCGNTRlfH, CCNTRliL, FREGiDIS1)
call SHOW$FREG$ERR{QC2H, Si6N, F$DIS1, F$nrS2l j

do fthile KEY {> 3FH
KEY = DOH

end j

KEY " OOH
end ;

PL!~-51 COMPILER IVEI

65:i 6
656 6
657 L

"

6SB 6
66lj 6
661 7

662 "I
6'" ,

Q, ,
6&4 6
66S 6

666
,
0

hMi 6

669 6
670 6

6"' 6"672 6

673 6
674 6

675 6
,.,;

6CiQ

A"" 6_if

J~i"i 6Olll

679 7
680 7
6Bl 7
682 6
683 6

684 6
6!.:!L 6';.Ii.'

687 6
688 6

6B9 "I
J". 7Q71.

692 "I
693 7
694-

,,
69J "I
696 6

m 7
'"" 701"1

700 "I
7(,1 7
702 7
703 7
7fJ4 b
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It clear keypad buffer *1
() 4FH and KEY {} srn and KEY 0 OBFH and KEY G 6tH) ;

It clear keyp~d buffer t/
End ;

KEY :: (jOH

tI
t!
If

if
tl
If

11

PAGE I,

/i [le;, key pad buffer *1

It display ~QDE 8 ?

it rOES : ~

Ii A-Qui t

/l A-Guit ?

It aaandon rEadings? tf
It clear all variables t!

/l clear keypad buffer il

It return to MODE c? tl
It disao 12 ~aDE 3 tl
it clear k~y~ad buffer tf

It display MODE 7 ?
It yes !!
It A-Oui t ?

/l freq4 error, MODE b 11

1* freqS error, MOnE b if

11 MODE 3 If
It ~hile nODE 3 active *1
It display MODE 3 il

/l repeat tone 1/
It error using 2600hz *1

11 caIe. freq5 error 11

If repeat tone il
It error using 2600hz tl

11 ca le • freq4 error *J

C6/16192

:: COH j1:',...."
,..~l

if KEY = 4FH then aD ;

do ~hile KEY <) 3FH
KEY :: fJOH

call TGNE$DURATIONS
dJ while KEY {} 3FH

if KEY =5FH then do ;
cdll TDNE$DURA.TIDNiERR

end ;

CGNTR2$L = OH

end;
rEY = COH

KEY = OOH ;
dC! while (KEY

KEY = OOH

if KEY = OBFH then rla ;
VISPLHTfGPrraU$E :: 0

end ;

if KEY = 6FH then do
CGNTRl$H = OH
CO~TR1$L :: OH
CONTR2$H ::: OH

end
KEY = DOH ;

end ;

call uPTlu~$DISPL~Y$2

do .hiIe KEY () 3FH
KEY = COH

end;
KEY = OOH

if REPE~T$FREG$3 = set thEn do ;
call CALC$~REQ$ERR{LG~TR4$H, CONTR4$L, lOOl
end ;

elsE do ;
call CALCiFREG$ERR(CONTR4iH, CG~TR4$l, FREQiDIS4)
enD;

call SHU~$FREG$ERR(OCBHJ SIGN, F$DI61, FiDI821

if REPEATiFREG$4 =set then do ;
call CRLC$FREG$ERRlCDNTR5$H, CDNTRS$l, 10V)
end ;

else da ;
call C~LC$FREG$ERR(CGNTR5$H, CONTR5$L, FREQSOlfi51
errd ;

call SHD~$FREG$ERR(9BH, SIGN, FtuIG1, FtDI62}

if KEY = OBFH then do ;
do while DISPLAYiOPTIGNt2

end ;

PLtM-51 CQXPILER ZVEI

70S
707
708
709 7
710· 7
"'I'~ 7ill

712 6

713 7
0'" 7110

716 7
717

,
I

718
,
I

7!9 7
720 6

'0' 0
lel I

722 7
723 7
724 6
7"'~ 6u

7'26
,
c

723 7
'7"" 0
1C-7 I

730 7
00' 8I~l

732 8
.., ...... 8j~,)

734 a
"1"1 n
/,)0 C

737 9
0;"'''' 'iJJQ
..",n 9t.:J1

740 0c
741 a

742 a
744 13
745 9
746 9
747 9
748 8
749 a

"'Il:'!'l n
I L!~~ C

"'1:'''' aJ.JC

753 B
7}4 a

"-" n
{.JJ 0

757 a
758 8
759 8
,.,/A n
'0') C
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11 real time int = on H
I1 disab le keypad in t. If

PL/I1-51 CuHPILfR [VEl

761 8
762 B
763 8
764 n

0

7b5 B
766 n

0

767 8
768 B
7f/1 n

0

?IQ 8
771 B
nnn BI le

773 B
774 n

0

775 B
776 8 end
777 7 e!ld
778 6 end
779 5 end
780 4 end
781 3 en,j
782 n nQ =c
783 n m = 0c
784 n end ;c
785 I end ZVEI j

CfWTR3$H = CH
CONTR3K = OH
CuNTR4iH = OH
CGNTR4$L =OH
CGNTR5H; = OH
CONTR5K = OH
T))iJR1 .: DOH

T_DUR3 .: OOH
TJH.lR4 ;: (iOH
T)ilJR5 ::: Out{ ,
DISPLAY$QPTIG~$2 =0
DISPlAYiOPTIGNil =0 ;
DlSPLH¥$RESULTS ;: 0 ;
call nISPLAYfS£TUP{LCDffNST J ClR~arSPJ

06116(~2

If reset all flags

II clear display

PAGE 1-

If

if

WARNINGS:
3 IS THE HIGHEST USED INTERRUPT

(STATICtDVERLAYABLE)
= i i28H 4392D

MuDULE INFDR~AIION:

CanE SIZE
CUNSTMiT SIlE
DIRECT ~ARIHELE SIZE
INDIRECT VARIABLE SIlE
HT SIZE
BIT-ADDRESSABLE SIZE
AUlILIARY VARI~BLE SIZE
~AXrnUH STHCK SIZE
REGISTER-B;NK{Si USED:
1084 LINES READ
o PRaG2A~ ERRGR{SI

END DF PLiM-51 COMPILATION

= 0151H
.: 36H+IOH
;: 16H+OOH

= (J(iH+OOH
= OOOGH
= (;i).31N

() 12':'

"'l'''P''!1\
·l·~ /J.i

54D+ 16D
22D+ OD
Bil+ OD
OD+ OD
OD

49D

10-18



A P PEN D I X E

5 I M U L ATE D D A T A C H A N G E

F LOW C H ART 5

5 I G N A L



APPENDIX E

11. SIMULATED DATA CHANGE SIGNAL FLOW CHARTS

Flow diagrams for simulator software generating the data

change signals on a 8~31 simulator board.

11.1 Timer interrupt to produce 7~ms time delay.

TIMERlII

then

first interrupt ?
(PASS = ~ ?)

else

11.2

init. timer ~ to interrupt

after 4.465 ms

set PASS flag = 1

Main program flow.

MAIN

set STROEE flag

clear PASS flag

init. timer ~ to interrupt

after 65.535 ms

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

~~then

debounce switch

do while I (= 6

initialize timer ~

start timer ~ running

cutput 1 ms pulse

do while STROBE = 0

wait for 7f2l ms interrupt

clear STROEE flag

11-1
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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 7~ms.

12-1



?L!~-5i CQ~PILER 06/16/92 FAGE

DGS 3.20 !038-N! PL!M-51 Vl.2
CGHPILER INVOKED BY~ C:\PL~\PLn51tEXE \PLM\PRGJECTS\PULSESIM.PLM DEBUG ROM{L~R6E}

PULSESIM ; da

LIS TIN 6i S Q; T ~ ARE
, nATA CHAN6 E P U l S E

F GR S! MU L ATE n 105

EVE R Y 70 IS (6 OFF)

2 1 dEclare eq literally 'litErally-'

$nGlist
$inclurle{REfi51.DCLJ
$list

Ipo""" ••I n I.' t; r. Ii 1I VARI ABL ESI
b declare u_CHNG bit at {90Hl reg ;
7 declare PUSH$BUTTu~ bit at (OBOHi reg j

E declare (PASS, STROBEl bit Ilain ;
9 decla.re (!) byte ma.in

10 declare OFF eq .{) , aN eq 'I ,
CLEAR 2q '0' OrT eq ", ;J=.: 1 ,

FOREVER eq 'while 1 i

I NTERR UP TI

end;
elsE IT;:; ;

STROBE: ::: t

/; timer interru~t tu produce 70:15 tiE2 delay tI

11

11

I1

H contral flag

1* 4.465iS + b3.535iS =70 ~s

It c: lEi!f tLf:1Ef 0THO = OH ;
T~ (, _ I'.ll •
!,-''- - '.1:, )

PASS = 0 j

THG = OEEH ;
TLO =8EH j

PASS = 1

End

11 "c
12 ::;
; t. 3
; 0 31":

16 2
1

.,
Z,

18 3
19 3
2(; 0

21 .,
0

22 3
,..,., .,
C-1 ~

"',1.
e'!

• .. ·"'LI"ATI"·'!lalllh'J l.Il4i,

26 Pi : OEFn ; /i part 1.0 = 0, nlp
27 P2 =OGH ;
28 Il part 3.0 = 1, tIp 11

12-2



PLlM-5;' CQMP ILER PULSESIM 06/16/92 PAGE

29
30
"1u,
00
')i:.

00
.:.,:,

34

35 t
ro;
,,:\a

'".:.:

38
0".:.-:

41 2
43 2
44 3
46 3
47 4
48 4

50 4
5i Er

52 4
53 4

56 4
~7 4
53

3

61

ICON : OOOOOCOOB
SCON:!);
lE : 10000010B
IF' = OOH
PCuN : 0 ;

nw :: OOH
TLO : ODH

PASS: () ;
STROBE:: [)
I = 0 ;

M~ I N PRO fi RAr.

da FOREVER ;
if PUSHiBUTTON :: 0 then

ca 11 tilile f250} ;
if PUSHiBUTTON :: Q then da

I :: (I j

do while I <:: 0
THO :: OH ;
TLO :: OH ;
IRO = 1 j

D_CHNS :: 1

ltCtmS :: 0 ;
do while STROBE:: 0
encr ;
STRDBE : (!

1=1+1;
end

~n:1 PULSESI~

1* tiffier (I iUode 2 au to re load
/f timEr 0 initially off
it no serial CG]~S. i~ple~ented

It global, TO interrupts enabled
n iiQfllHl priority af interrupts
If pORer dilWTI, idle zede inhibited

li Hili!?: f I~g
!! flag to initiate data change pulse
If data change pUlSE counter

If denounce switch
It iriitiat2 start of sequencE
If ~hen pushcuttail is pressed
I; ~en. five 70~s periods
Il ensure tillle! l) is rese t

It shrt timer Ij

It ~Hit far tiIiEr in t.

/t reset flag far interrupt
It prEp~ir for nExt data change

If
l!
l!
1/
l/
tf

l/
l/
tf

if
1/
l/
l/
J/

1/
l/

l/
1/

1 IS THE HIGHEST USED INTERRUPT

CCTIE SIZE
CONSTMH SIZE
DIRECT vARIRBLE SrZE
INUIRECT VARIABLE SIZE
BIT SIZE
BIT-ADDRESSHBLE SIZE

188 LINES READ
o PRuGR~~ ERRGR(S;

END uF PL/~-5i CQ~PILATrQ~

:: 007AH
:: 00;)0)-1
:: 01H+OOH
= (jOH+OOH
: 02H+OOH
:: OOH+OOH
:: OOOOH
: OOltH

i) 2

12f:u

ID+ OD
ant OD
cD+ OD
OD+ OD
OD

17D
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APPENDIX G

13. SIMULATED DATA CHANGE SIGNAL REPRESENTATION

The following page ..-ep..-esents the data change signals

gene..-ated by a simulato..- boa..-d using a 8~31 mic..-o­

cont..-olle..-.
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hp 3 topped

1

- t.V fharJ.:ers -
~-----~--~---,------.,.---..,----...,..--.....,.--~. 5'1#;0 .on I

:rata cier,ge {
.

( 2) (3)~
I

(5 ) (6
I

Tone 1
i

Tone: 2 Tone 3 :Tone Tohe 5

b:::::::::~;;!.~!:.. =::;::::::::~~:::;::==, ::;"~j~:::::-::::;::::Jl:::::;_::':::::::±;:;:::::::::::±::::::::::= _ "" t m5 r k e r 3 __

'---'---.;.-i.---~;:~,---"---"'".,.---'----;---:,----'----iloff ;a.oM I
ll.t ,

'---'--L-.c---i1----+---'--'---'----7---'-----'----ir- start Iilarl,er -,
I "",! ·1:- s:~gs~;·:,d~1,J; I

'-_--'---.;-'-_-'-,__-'-_--,-_--'-__,--_-'-_-+-_-...;1 !
,- Stop mert8r --.

'----"---'---i----"---:--c-'----'-----'-----'-----'----:-----'t' ~ll;;;iA..!~j1e=-@ I,
-25('.000 ms 0.00000 s 2:50. OOiJ ms - • ~

50.0 il'iS/tti~l

step mBrKer: -i63.000ms
start marKer: -93.0000ms

Tone duration =d8 ~ t;5, t: -70.0000rrr2
l/deite t: 14.2857 ~

Data Change sigria!s generated by simulator board using
a 8031 microcontroller
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APPENDIX H

14. MODE 0 TO MODE 8 DISPLAY FORMAT

This section represents the various display

modes which are selected and displayed on the 16-

14.1

character by 4-line Dot Matrix Display of

Tone ZVEI Encoder Analyser.

Display MODE 0, stand by message.

the 5-

14.2

14.3

R e a d y T 0 R e c: e i v e

Z V E I S i 9 n a 1 . . .

K e y T r a n s m i t t e r

Display MODE 1, ready to display analysed results.

S i 9 n a 1 R e c: e i v e d

S e 1 e c t D - k e y f 0 r

D i 5 P 1 a y 0 P t i 0 n s

Display MODE 2, enables display of MODE 4 to MODE 6.

S e 1 e c: t : - C - M 0 r e

1 - T 0 n e D i 9 i t 5

2 - F r e q .

3 - F r e q . E r r 0 r

14-1



14.4

14.5

14.6

Display MODE 3, enables display of MODE 7, 8 and MODE 1/1.

5 e 1 e c t : - C - P r e v -
4 - T 0 n e D u r a t i D n s

5 - D u r a t i D n E r r 0 r

A - Il u i t R e a d i n 9 s

Display MODE 4, showing typical decoded digits.

D e c D d e d D i 9 i t s

1 2 3 4 5

A - Il u i t

Display MODE 5, showing typical tone frequencies.

T 0 n e F r e q . ( H z )

F 1 = 1 III 6 III F 4 = 1 4 III III

F 2 = 1 1 6 III F 5 = 1 5 3 III

F 3 = 1 2 7 III A - Il u i t

14-2



14.7

14.8

14.9

Display MODE 6, showing typical frequency errors.

F r e q u e n c y E r r 0 r

F 1 + III , 1 7- F 4 - 1 , 2 7-

F 2 III , III 7- F 5 + III , 1 7-

F 3 - III • 5 7- A - (} u .i t:

Display MODE 7, showing typical tone durations.

T 0 n e D u r a t: .i 0 n s

t: 1 = 7 III m s t: 4 = 6 9 m s

t: 2 = 6 8 m s t: 5 = 7 III m s

t: 3 = 7 1 m s A - (} u .i t:

Display MODE e, showing typical tone duration errors.

D u r a t: .i 0 n E r r 0 r

t: 1 = + III 3 7- t: 4 = - III 4 7-

t: 2 = - III 1 7- t: 5 = + III 2 7-

t: 3 = III III 7- A - (} u .i t:

14-3
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APPENDIX I

15. WAVEFORMS OF TONE DIGIT FREQUENCIES

The following pages ~ep~esents the wavefo~ms of the Tone

Digit F~equencies fo~ digits ~ to 9 and the ~epeat tone.

The wavefo~ms we~e measu~ed at the output of a FXl~2LG.
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,
r.=-'-...·:.,';~~_~··,."'7':":,:,:..-..: ...:J",·"
t----:----:--

.
Jr....:...,y.;...,.,;.:'.~_.~.- ....._~~t..._,o.:-;:_..J

.::.t markers --',
., f f tu!",";.. I_. . I

·_...:.....---iir
-:!

'--'. ;

~"+--:-"""""-¥-:---;'''''-+-~:-'.'~'3-",-+-:--:-;.~-:..~.~~.-:--;-~:.r-~: :-_:_:_._.-J
: I : . -'- _

.~

r----'--.-"---.---=-------.;..--------'-~.-.-

q
n jiJ
:!

-jOG,OCtG
~ -~ - .-. -. ".

l.)". V'_.".)!,)l)- :::.

'.1..1) • u US"":11 v

)(- S t;J.p ti=.:ii-kei- --,

.; i if ··~.jb~!'~"j!:.;:; i ,

ae ita t·
1/(181 ta t: 9. 32536kH:

Waveform representint; a Tone Dit;it of "0"

,
";_'_' ._.,._._ ..__.. 1- :t._-----~ !

....~._--_. __.._..:..+..._-----.-;..-._-_._.;

:1

i ;-------.~­,
.... -·-·---:-.--·-·-··-··,-1·-----·---·--···----·,··-··--·

'1

,,_-,-,_._--:_.':'..,._.....,.._ ,-"_.c-_:..._' ~ ...:.__'-_:.. .c_._.•• _ ..",•._:-._~ ••:•••.c._~-:_.'-:.._._. _
'.-.-- ~_•.----~--"-~---,.

'-"-"-'---' :.__._._--,,--.~---_.,.

.._._...._--_._ .._-_.._,. .,.....---- ...- .._-
,

, ,

.'

-. - -..- ... --.--.-' .. --,
::- .. •.. 1 '. ''''.. , "_0;:", ' t ,~.~ .-,.~.,'-._.~""; , ._.... -_.....:;,

dei ttl' f.: -.235.I)t)tJU£

Tide} ta t: ~.2S532kfu

Waveform representint; a Tone Dit;it of "1"
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•

•,
,
• ,
,
•
•

, ,,, ..

\.' OO,)OG ~

; ._._._-'-__..;.i..__'-__....i.....

, ~V markers ---,

11 ·~--...,;.;.t M.iiJ& on :

-......;.---.c,'1'-----!L.....-..1.---rir,..~:->~·:+~~>i : I"'~~~'~+""-'~i: r,.!
..

. .,..'

;~J-,~~.~-~~c....H_L'_'~H~'~-;-~ i : ..~-,-,-......;.-,-,l~~,
~ i' ,,- fit iflorkers ---

.-:---~-.--.,;_t.--.....,----..:..--~j} off £D.i ..ssi.
; t ;1•• =__.._._-__.!
; I .

;: : - '3t.~rt. MArko::r

__-'~.;,~_._,'-_-..:..--_;l.i,' ~~~~i~.~t;~·_~-~·,~.~~·;~$~·~2'~?~'I,1
•1-
;; I
: l

delta t: -lj6.000u8
1/d8! ta t: ,:;;. 6Z963kH:::

WaYeform representint; a Tone Di/';it of "2"

"

._._._. ~_ _._ _._._._. .__._.. _.._~ .._--..--.-_.-----.--,..........- ._ _.. -:.r~; ·~%,r: r ~n---
"j" -

..__.._..,.. ..~-_.---s.~ .. __._-- .._~_'-._

d
d

.._.~_-'._. --i I.

. ,-.,

,;
It

,.

",.

.~ .... -~ ".
-~~'~'. \} ".] LI'::'

"

~- .-:':::==t---- ..~ ::::=:::J["-"f:::-
" __ .~ ..__..__...... _ ,... __. . •__1 _
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~CTIONAL SCHEMATIC PUBLICATION D/4071/2/2
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::ATURES • FULLY FUNCTIONAL 5-TONE SELECTIVE CALLING SYSTEM

• THICK FILM HYBRID CONSTRUCTION • USES CML FX407A/FX507A CHIP

• FIXED OR VARIABLE SYSTEM TIMING • ENCODER, DECODER AND TRANSPONDER

• CHOICE OF PACKAGE STYLE

he FX 4070A, FX 5070A, FX 4071A and FX 5071A are integrated circuits fabricated using thick film
'Ibrid techniques and include a monolithic LSl semiconductor chip. The circuit comprises all necessary
Jrnponents to provide a 5-tone selective calling encoder/decoder which complies with the requirements of
le CCI R standard (FX 4070A or FX 4071 A) or the ZVEI standard (FX 5070A or FX 5071Al. In all
'sPects the operation of these devices is identical to the. recommended circuit used in the application of
le CML FX 407A/FX 507A integrated circuit. The hybrid circuits include passive components necessary
lr correct system operation, the trimmer potentiometer required to set frequency calibration is externally
Jnnected and external components may also be used to modify internally set system timing parameters.



CIRCUIT DIAGRAM INTERNAl CIRCUIT QIAGRAH Of HYBRIDS
••• -j
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VOO
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vss TX SIG GATE TX TONE RESETGFlP ADO ne GRP

Off' liP PER 100 DELAY PERIOD OJP OiP lIP

HYBRID COMPONENT LIST (This information can be read in conjunction with Production Information
on FX 407A)

RESISTORS CAPACITORS

CIRCUIT DIAGRAM VALUE TOLERANCE CIRCUIT DIAGRAM VALUE TC TOLERANCE
REF. REF.

Rl lOOK 5% Cl O.022/Lf X7R 10%
R2 lOOK 5% C2A=C2B 470pf X7R 10%
R3 22K 5% C3A=C3B O.Ol/Lf X7R 10%
R'O lOOK 5% C4 0.22/Lf X7R 10%
R'in 330K 10% C5 O.01/Lf X7R 20%
RD 680K 10% C6 68pf NPO 5%
RS(FX4070AlFX4071 A) 1.22M 2% C'O O.Ol/Lf NPO 5%
RS(FX5070AlFX5071A) 857K 2% C'in O.Ol/Lf X7R 20%
RT 355K 2% Cs 0.22/Lf X7R 20%
Rl 600n 10%
R'b 330K 10%

CALIBRATION PROCEDURE

Conditions: VDD = 12.5V, TA = 200 ± 50, no input signals.

1) Programme code 6XXXX(FX4070A/FX4071A) or 5XXXX(FX5070AlFX5071A), where 'X' is any
convenient digit.

2) Apply VDD. Wait several seconds, then connect a shorting link between pins 23 and VSS.

3) Press the TX Enable button and read the frequency at the TX output. The signal is a continuous tone.

4) Adjust the R' 0 calibration potentiorneter until the frequency is exactly 1541 Hz (FX4070AlFX4071 A)
or 1530Hz (FX5070A/FX5071AI.

5) Remove the shorting link between pins 23 and VSS. Calibration is now completed for all channels for
both RX and TX.

2



EXTERNAL COMPONENT CONNECTIONS

1. The address and group outputs are open drain MOS transistors. This allows the outputs to be linked to
give a wire - OR if required. Load resistors (10Kn nom.) are required for these outputs from pin 20
and pin 21 to -Ve supply.

2. A 22 Kn trimmer potentiometer with a temperature coefficient <100ppm must be connected from R'0
to -Ve supply (pin 32). This is used to calibrate frequency as described above.

3. The Output Reset input has an on-chip 1Mn (nominal) resistor to VDD and a 3Kn M.O.S. transistor to
VSS which is disabled when the outputs are activated. With this input held at VSS the outputs will tum
on at power-up. To reset the outputs and ta.en.sure they are off at power-up the pin must be
momentarily taken to VDD. An automatic 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 Ton "'0.65
RC seconds, and should be longerthan 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 period is given by:
Tp = 0.355K CT seconds.

where CT is measured in p-F
K = 0.6 ± 0.03 typ. (a constant of the monolithic chip)

For CCI R tone period = 100 mS (FX4070A or FX4071A) then CT = O.4htF
For ZVEI tone period = 70 mS (FX5070A or FX5071A) then CT = 0.33p-F

5. 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 = 0.68K CD seconds *

ii) The RX gate period (internally set to 1.75 Tp) can be varied by external components connected in
parallel to RS and CS.

RX gate period = K RS' CS' seconds *
* where K = 0.65 ± 0.033 typ. RS' and CS' are resultant values of internal and external components,

CD and CS' are measured in p-F
RS' is measured in Megohms

PACKAGE DETAILS
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FX 4070A and FX 5070A PACKAGE
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ELECTRICAL CHARACTERISTICS

MIN. TYP. MAl<. NOTE

Supply voltage -10V -15V

Supply current 15mA

Operating Temperature _20°C +60°C

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

Input voltage logic '1' -8.0V --' Note 1.

Input voltage logic '0' -1.5V

Output voltage logic '1' -10.0V Note 2.

Output voltage logic '0' -1.0V

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

Digit 1 1121 Hz 1057.5Hz
2 1200.5Hz 1163Hz
3 1278Hz 1269Hz
4 1357Hz 1402Hz
5 1444Hz 1530Hz
6 FX4070A 1541Hz 1665.5Hz FX5070A
7 FX4071A 1638Hz 1828Hz FX5071A
8 1747Hz 2001 Hz
9 1856.3Hz 2203Hz
0 1983Hz 2403Hz
R 2113Hz 2601Hz
G " 2401Hz 2796Hz

Frequency stability 6.f/o C 0.015% Temperature range _20° +60° C

Frequency stability 6.f/Vsupply 0.015% Supply voltage range ·10 to -15V

DECODER OPERATION

Sensitivity 50mV r.m.s

Max. Signal Handling 700mV r.m.s.

3% FX4070A & FX4071A
100% decode SW 4°' FX5070A & FX5071A referred to fo,0

> 6% FX4070A & FX4071A
0% decode SW 9% FX5070A & FX5071A referred to fa

Input impedance 100KQ

ENCODER OPERATION

Output voltage 1V peak to peak output

[ 90mS lOOmS nOmS FX4070A & FX4071~ with recom-
one period 63mS 70mS 77mS FX5070A & FX5071A mended

value of CT

utput impedance 600Q

T

o

Note 1. Pins 1-10,16-19,22 FX4070A & FX5070A
Pins 1-12, 18, 19,22 FX4071A & FX5071A

2. RLOAD=10KQ Pins 11-15,20,21 FX40?OA & FX5070A
RLOAD=lOKQ Pins 13-17, 20, 21 FX4071A & FX5071A

5



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 39R9R. 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 SS directly to the last digit.

EXAMPLES OF CODING

SEQUENCE OUTPUTS Sl S2 S3 S4 SS Sl S2 S3 S4 S5 Sl S2 S3 S4 S5 Sl S2 S3 S4 S5

tL LLt -t t-L~ L Lt t-tJ Lt • I
PROGRAMMING LINKS I

T
DIGIT INPUTS 2 o 9 6 4 2 1 R 0 1 5 6 9 3 6 5

PROGRAMMED
2 0 2 1 1 0 SADDRESS 9 6 4 1 1 6 9 6 3 6 5

CIRCUIT ARRANGEMENT
GROUP CALLING

INPur

COOES

- ---

2. f---SIt>"L FX 401CA I FX SQ7QA
INPUT FX4071AI FXS071 A

" r--
"

L~
vcc

6,.'0
Fxt05 9

T ....
ltt~

i FX la 5 TUNED TO "Go TONEl

ADDRESS alP

GROUP CIP

','
~ IPULSE: INTO PIN 161

. ,,
Yl .-­

'0' '-----.J .

[

"G"TCNE AECEI'o'EQ ]
WAve~OR'" AT PIN 9

OF n:1QS

When an input code contains a 'G' tone, the FX105 switches ON and the 1->0 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

INPUT CODE ACTIVATES RECEIVERS CODED: GROUPS OF: I OIP SWITCHED

25784 25784 only 1 ADDRESS

2578G 25780 to 25789 10 GROUP

257GR 25700 to 25799 • 100 GROUP

25GRG 25000 to 25999 1000 GROUP

...
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 to change said circuitry.



PRODUCT INFORMATION PUBLICATION 0/2030/1
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RGURE 1 INTERNAL BLOCK DIAGRAM

FEATURES

• LOW POWER CONSUMPTION

• SMALL PHYSICAL SIZE

• COMPLETE ENCODER/DECODERrrRANSPONDER

• CHOICE OF CCIR OR ZVEI TONE-SETS

• INCLUDES ALERT SLEEP GENERATOR

• INCLUDES GROUP CALL DECODING

• AUDIO SWITCHING

• FEW EXTERNAL COMPONENTS

• SIMPLE INTERFACING

• DATA DECODING

DESCRIPTION DECODER

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

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

A typical 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 signals are
switched through to the output
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FIGURE 2 TYPICAL TRANSPONDER SEQUENCE

ENCODER

The encodersection of the FX2030 is enabled either in
response to a transmit instruction (Tx) or for automatic
transpond (Tp) as illustrated in Figure 2.

EXTERNAL COMPONENTS
To provide a selcall encoder/decoder function the
FX2030 requires a few external components as shown
in Figure 3.

560kHz Oscillator.

The receiver tone channels, encoderoutput frequencies
and alert patterns together with system timing func·
tions are derived from the 560kHz reference. A low
cost ceramic resonator can be directly driven by the
circuit together with a trimmer capacitor to adjust the
frequency as shown. Pin wiring should be kept short.

...-.. ............<l' '"
.li..u _

FIGURE 3 EXTERNAL COMPONENTS

The 560kHz can be measured by monitoring Pin 14
and adjusting the logic level square wave to 23.333kHz.
Monitoring Pin 14avoidsdirectly loading the oscillator
with a frequency counter. All necessary calibration is
now complete.
For some applications the small frequency drifts assoc­
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. Osc.l
2. Osc. 2
3. Not connected
4. VSS (negative supply)
5. Not connected
6. Power on reset
7. Not connected
8. Alert/Audio output
9. Alert reset input

10. Data change output
11. Data change input
12. Transpond select input
13. Alert bleep logic output
14. 23.333kHz monitor output
15. AO memory address output
16. A1 memory address output
17. A2 memory address output
18. A4 memory address output
19. Auto repeat input
20. Tone output
21. Relay output
22. DpO(2) memory data input
23. DpO(1} memory data input
24. Dpl memory data input
25. Dp2 memory data input
26. Dp3 memory 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. Oata flag output
33. DjO data jam input
34. Djl data jam input
35. Dj2 data jam input
36. Oj3 data jam input
37. Q3 tone data output
38. Q2 tone data output
39. Ql tone data output
40. 00 tone data output
41. VOD (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 ....•..•......•.••••.•.•..••.•...•••.•••••.••...••••••••••••..•••••••••••• -<J.3V to 7.0V
INPUT VOLTAGE AT ANY PIN (ref VSS = OV) .•..•.•...•..••.•.••.•••••••....•••.••. -<J.3V to (VDD + O.3)V
OUTPUT SINK/SOURCE CURRENT (TOTAL) .•....•.....•••.•.•...••••••.•...••.•...•......•...•... 20mA
OPERATING TEMPERATURE RANGE •.••....•....•.•...••...•••..••••••.•..••.••••••••.. -20'C to +60'C
STORAGE TEMPERATURE RANGE •.•..•....••••.•.••.•.••.•...•••••.••...••...•••.•...•. -40'C to +85'C
MAXIMUM DEVICE DiSSiPATiON .••.......•.••....•...••.••...•••••.••••.••..••••.....•.•..•.... 100mW

OPERATING LIMITS

Unless otherwise stated VDD = 5V, TA = 25°C, </J= 560kHz, Gaussian White Noise (band limited to 6kHz),
~fo= 0, Input Tone Period { 1OOms per tone CCIR

70ms for ZVEI

CHARACTERISTICS MIN TVP MAX UNIT

STATIC CHARACTERISTICS

Supply Volts 4.5 5.0 5.5 V
Supply Current (In receive mode) 1.5 mA
Supply Current (In transmit mode) 3.5 mA
Input Impedance Pins 2. 12, 19,27,31,33'36 1 Mn
Input Impedance Pins 9. 30 2.2 Mn
Input logic '1' } Alllogie inputs 3.5 V
Input logic '0' 1.5 V
logic'l'O/Plsource=O.lmA } Pins 10,14,18, 29, 4.0 V
logic '0' alP Isink = 0.1 mA 32, 37-40 1.0 V
l09iC'l'O/Plsource=0.3mA} Pin 28 4.0 V
logic '0' alP Isink = 0.8j<A 1.0 V
l09iC'l'O/Plsource=0.05mA} Pin 1321 4.0 V
logic '0' alP Isink = 0.05mA ' 1.0 V
Output source current Pin 6 300 nA

DYNAMIC CHARACTERISTICS

DECODER

oeeode Input Sensitivity 40 mVrms
Decode Bandwidth P>0.995 any tone FX2030C ±1

at Signal/Noise ratio >3dB FX2030Z ±2 %
Not Decode Bandwid':h FX2030C =3

(P<0.03 any tone) FX2030Z :::4.5 %
Signal/Noise Ratio for P>0.97 0 dB

(any 5 tone call sequence)

ENCODER

Tone output emf pin 20 120 160 185 mVrms
Tone output source impedance pin 20 1 kn

Tone duration
FX2030C 98 100 102 ms
FX2030Z 68 70 72 ms

Tone encode accuracy (At)
FX2030C :::4 Hz
FX2030Z =0.3 %

Transmitter lead time (Tx Delay) 150 210 290 ms

AUDIO PATH

Input Impedance (speech path switch 1.75 Mn
open circuit) pin 42

Speech path switch impedance (Le. 'on') kn
between pins 42 and 8

Speech path switch isolation (i.e. 'off) 50 dB
between pins 42 to a

ALERT

Alert call frequency 2.121 kHz
Alert output level (into 1kn) at pin 8 275 mVpk-pk
Alert output level (into 10k) at pin 13 2.0 Vpk·pk



MIN lYP MAX UNIT

Alert time out using external capacitor C 1.57C 2.1C 2.63C s
in p.F on pin 9

Leakage current of capacitor C 0.7 pP.
Recommended range of external capacitor C 0.33 4.7 p.F
Internal pull-up resistor pin 9 2-09 2-2 2-31 Ml1
Swilchover 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 external clock)

Power On Reset (pin 6) input pulse width 2 ms
Alert Reset (pin 9) input pulse width 10 J1S
Data Change input (pin 11) pulse width 100 J1S
Transmit Enable (pin 27) input pulse width 100 J1S
Transmit Enable pulse rise time 10 J1S
Mute Reset & P.T.L (pin 30) input pulse width 90 J1S

SIGNALLING FREQUENCIES (in Hertz)

Tone o 1 2 3 4 5 6 7 8 9 A B C D E

FX2030C
FX2030Z

1981 112411971275135814461540 1640174718602400 9302247 991 2110
2400106011601270140015301670 1830200022002800 810 970 8862600

Table 2 shows the response of the FX2030 under various input conditions.

TABLE 2
TRANSMITTED TRANSPOND TRANSPOND ALERT ALERT AUDIO

TONES SELECT OUTPUT OUTPUT AUTO SWITCH
(Note 1) {Note 2) (Note 3) TIME OUT (Note 4) COMMENTS

12345 1 Yes Address Yes On Address call.
call Transpond selected.

12345 0 No Address No Not Address call No auto time-out
call applicable Transpcnd not selected.

1234Aor X No Group Yes On Group call or all-call
AEAEA call Transpond automatically inhibited.

12345C No Address Yes On Address call.
call Reverses Transpond selection.

12345C 0 Yes Address Yes On Address call
call Reverses Transpond selection.

1234586789 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 Transpand automatically inhibited.

123450 1 Yes None Not Off 'silent interrogate'/mute and reset
applicable Transpond if programmed.

AEAEAO X No None Not Off Mute and reset all receivers.
applicable Transpand automatically inhibited

12345CB No Second No Not Second address call
address/data applicable Reverses transpand selection

12345CO 1 No None Not Off Individual mute & reset
applicable Reverses transpond selection.

123456 X No None Not Off Incorrect address with
applicable too many digits.

Notes: 1) The address code is 12345. A is group tone, E is repeat tone, S. C and 0 are address suffix tones.

2) Indicates input logic state. X = don't care.

3) Refer to Fig. 5 for alert patterns and timings.

4} Defines condition of audio switch after transpond and alert sequences are completed. 'Not applicable' arises
where alert does not automatically time out and must be manually reset



DESIGN INFORMATION

Pin Descriptions

OSC. 1 - Output of a CMOS inverter. Can be used in
conjunction with the Osc. 2 input to form the active
element of a ceramic resonator 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.

VSS - 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 notbe excessively 10aded.The powersupply must
rise to 90% of its final value within 2ms to ensure
adequate function. Alternatively an external logic '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 15kohms. The transmission
gate between the Signal input and Alert/Audio output
Is disabied when alert patterns are being generated.

When the hybrid is unmuted the analogue signals at the
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 siow 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 pattern is reset when the input
voltage exceeds the schmitt trigger upper Iimit(typically
0.66 VDD volts).

A switch connecting to the positive supply can be used
lor manual reset

DATA CHANGE OUTPUT - CMOS logic output. A logic
1 pulse is output each time the tone decoder detects a
change of tone. Normally connected to:

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

TRANSPOND SELECTINPUT -logic input with pull-up
resistor. A logic 1 oropen circuit will cause the FX2030
to automatically transpond a reply aftera selective call
is decoded, and a logic 0 will inhibit this feature.
Address suffix tone C inverts this selection and group
calls. inhibit transpending.

ALERT SLEEP OUTPUT - CMOS logic output.The alert
patterns are available at this pin from a source im­
pedance of typically 5k ohms. In the quiescent state the

output is at VSS.

5

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

AO, A1, A2, A4 MEMORYADDRESS OUTPUTS - CMOS
logic outputs used to address the external memory.

AUTO REPEATINPUT- logic inputwith pull-up resistor.

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

Repeateraccess 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
logic O. The memory address outputs increment as
normal after each tone period.

TONE OUTPUT -linearoutputThe output is held at VSS
in the quiescent state.

The ac. tone output signals are generated about a
mean de. level of typically 0.25 volts.

RELAY OUTPUT - logic output This pin outputs a logic
1 dUring a transmit sequence via a typical impedance
of '15k ohms.

OPO (2), OPO (1), DP1, DP2, DP3 MEMORY DATA
INPUTS -logic inputs. The 4 bit selcall address codes
are input to the hybrid by these pins. The least signifi­
cant bits are fed separately to the tone encoder OPO (2)
and address encoder chip DPO (1). This allows the
encoder to be programmed to the repeat frequency
(code El if required without causing shut-down of the
system.

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

A3 MEMORYADDRESS OUTPUT - gives aCMOS logic
1 output level when a transmit enabie request is
accepted. The quiescent state is a logic 0 estabiished
by a 1M ohm pull-down resistor.

MUTE OUTPUT - CMOS logic output The mute output
is set to logic 1 at the start of an alert output sequence
following receipt ofa selcall It is also forced high when
the Mute Reset and P.T.L input is activated and resets
on the falling edge of the input pulse. Reset of the Mute
output results when suffix 0 is included in an incoming
address sequence or when a second address/data
alert 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
activates the Muteoutput (P.T.L feature) and resets an
alert output sequence. The negative going input edge
resets the Mute output

GROUP DIGIT SELECT INPUT - logic input with on­
chip pull-down resistor. The address decoder is pro­
grammed to recognise tone A as the group digit by a
logic Q or open circuit at this pin. A logic 1 programmes
tone 0 as the group tone_



scanned by the decoder. These are tuned to detectthe
tone digits 0 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 stored in an external memory. If an
incorrect sequence is detected the decoder aborts
and remains in standby until the end of the lone
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.

Completely 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:

If a group tone is included as part of a correct incoming
sequence the decoder sets an internal latch. At the
end of the sequence the state of the latch is inspected
and transponder operation will be inhibited for group
calls. This avoids the situation where multiple receivers
are simultaneously keyed.

DATA FLAG OUTPUT - CMOS logic output When ad­
dress suffix B is decoded the Data Flag outputs a logic
1 and resets back to a logic 0 at the end of the tone
sequence.

DiO, Djl, 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 on these pins from low impedance
sources (max. 1Ok ohms). A pulse at the Data Change
input strobes the data into the device.

00, 01, 02, 03 TONE DATA OUTPUTS - CMOS 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 limits the input signal and processes it in
an autocorrelator. The autocorrelator has the effect of
enhancing the coherence of signalling tones while
rejecting random noise. The periodic signal information
is detected and passed to accurate digital divide/count
circuits where fifteen tone bands are simultaneously

Transmitted Tones

1234A
12AEA
A2345
AEAEA

Units Called

12340-12349
12000-12999
02345-92345

All units

"i£~c.>u.
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FIGURE 4 DECODER FLOW DIAGRAM

Alert

An alert outputwill be generated next in the sequence.
It is however inhibited for 'Silent Interrogate' (refer to
Suffix Tones seciion) as shown by the 'NO' branch in
the flow diagram of Rgure 4.

= ----j'- --..Jf-

---- --­.>2 ,'-'

FIGURE 5 ALERT OUTPUT PATTERNS
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derived from the logic level square wave at Pin 13.The
alert sourCe impedance at Pin 8 is typically 15k ohms.

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

Audio Squelch

The FX2030 features an audio switch in the signal path.
This transmission gate is controlled by the decoderand
is automatically turned on atterthe alert has reset The
speech signals at the Signal input are now available at
the Alert/Audio 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 edgeofthe input pulse at Pin 30 is detected
and used to mute the receiver.

The remote mute facility is discussed in theSuffixTones
section.

,u>

.p-
.......1 ••~.....,.....,...,...

FIGURE 7 DATA AND MUTE OUTPUTTIMING
RELATIONSHIPS

The Data Flag output relationships are detailed in
Figure 7 (0 and the Mute and Mute Resetinput in Figure
7 (in.

ENCODER OPERATION
Transmit

The hybrid can be used to transmit a code sequence as
a calling or identity signal, as illustrated in the flow
diagram of Figure 8.

" ,oL1U S'oOUe-G'o ""'U.T r-,ULL." 1.0.
u s.... I;JO-OOOI!..............O:.OU.. __

I-n~

~::f~ ...J1

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

Figure 6(ii) shows the timings of the Mute output, Alert
Sleep Logic output and the Alert/Audio output fol­
lowing receipt of a correct selcal!.

FIGURE 6 MEMORY AND ALERT OUTPUT
TIMING RELATIONSHIPS FIGURE 8 ENCODER FLOW DIAGRAM

7
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FIGURE 9 ENCODER OUTPUT WAVEFORM
AND SPECTRAL ANALYSIS

FIGURE 10 TRANSMIT ENABLE AND MEMORY
TIMING RELATIONSHIPS

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 560kHz clock used
dUring encoding. This technique is used to reduce the
overall power consumption to a minimum.

The Relay line is also used to start a delay period of
typically 21 Oms. This transmit delay allows time to key
the transmitter in a transceiver before the start of the
first tone. Additionally the Tone output is set to a d.c.
level of approximately 0.25 volts. The tones are
generat"d 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 9
(I) illustrates the tone waveform generated by the
device togetherwith the relative levels of the harmonics
of the tone. the harmonic content can be further
reduced if necessary by the simple filtenng provided
by a 0.1 f-1-F capacitor between the Tone output and
VSS. This would yield the waveform and spectral
response shown in Figure 9 (ii).

Each tone 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 forthe end oltransmission instruction (code
El from the memory which causes the Relay and A3
outputs to be reset to logic O. The Tone output will
revert to its quiescent level (VSS) and the encoderchip
is returned to the low current standby condition.

Transpond

The transpond feature is used to automatically acknow­
ledge correct decoding 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 a
logic 1 or an open circuit at the Transpond Select input

(pin 12). Logic 0 on this pin will inhibit transponder
operation. The encoder sequence is initiated im­
mediately after the end of an incoming call as illustrated
in Figure 2 and Figure 8. DUring the sequ"ence bothA4
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..ln Rgure 10 (iQ the outputs Aa-A2 are
shown addressmg 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 a selcall sequence. One or more 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 by
using additional tones to represent the data charac·
ters. Address and data sections of the call 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 Outputs (pins 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 or Mute
Reset & P.T.L inputs. If a selective call is transmitted
with Tone B suffix but no data it can be used as a
'second address' facility.

A second address caB could be used when a positive
response such as 'contact the base' is required

Tone Bean be used in conjunctionwithC orD but must
always be transmitted last in the sequence.



MEMORY CODING

E54321

0001 00100011 0100 0101 0110

Memory location (bin) 0001 0010 0011 0100 0101 0110

RxlTp code (hex) 1 2 3 4 5 E

Memory location (bin) 1001 1010 1011 1100 1101 1110

Tx code (hex) 6 7 8 9 9 E

Memory location (bin)

Rx code (hex)

Example (Q Rx code 12345
Tx code 12345
Tp code 12345

Example (liQ Rx code 12345
Tx code 67899
Tp code 12345

Memory locat;on (bin) 1001 1010 1011 1100 1101 1110

TxlTp (hex) 6 7 8 9 9 E

The interconnection pattern in (iiQ utilises A3 output. It is
used where the receiver code 12345 is automatically
transponded but a different number 67899 is needed
when the Transmit Enable button is pressed

(Iv) Should it be required to transmit (using Transmit
Enable) the receive code as an identity, but an alternative
code when transponding then interconnection (iv) is used

Example(iQ Rxcode 12345
Tx code 67899
Tp code 67899

I ne r X2U;;U lulllllS !ne reqUirements 01 5 tone selcall
systems but is also compatible with other sequence
lengths. The hybrid is instructed when the sequence is
complete by code E in the memory as indicated.
Therefore ifforexample fourtones are required the fifth
location would be programmed with code E as shown
in example (v). Codes where two successive digits are
the same do not require special programming. As
illustrated in (iQ 67899 is coded as normal but the
hybrid substitutes the repeat tone where necessary.

Illustration (Q is the simplest interconnection pattern.
The outputs AO. A1 and A2 will 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:

Memory focation (binary) 001 010 011 100 101 110

RxlTxlTpcode(hexadecimal) 1 2 3 4 5 E

In (iQ the Relay output is used asan input to the memory.
To pro9ramme 12345 as the receive code and 67899 for
a calling number. the memory would contain:

~--

.,
__ ::1

'uu

Tone G.

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

Suffix Tone C is redundant for 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 thecall 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 so it forms a
'silent interrogate' instruction. Equally the suffix tone
can be applied to an all-call to reset all the receivers on
a system.

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

AO,A1 and A2 outputs increment in a binary count from
001 as shown below. These are used as the three least
significant digits of the memory address. The A3 output
goes high only 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 output is high wheneverthe hybrid is transmitting.

The interconnection chosen from the five options shown
in Figure 11 will be governed by the requirements of the
system.

FIGURE 11 MEMORY INTERCONNECTION
OPTIONS

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

Memory location Ibln,l: 0001 0010 0011 0100 0101 0110

RxlTx code (hex) 1 2 3 4 5 E

Memory location (bin) 1001 1010 1011 1100 1101 1110

Tp code (hex) 6 7 8 9 9 E

9
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FIGURE 12 LOW POWER MEMORY
FIGURE 14 ADDITIONAL CIRCUITRY TO ADD

LED DISPLAY DRIVER

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

Applications requiring minimum possible -power con­
sumption can utilise a fusible link diode matrix and a 4­
16 line decoderwhere space allows. The arrangement
shown in Rgure 12 has two independent five tone
codes programmed into the matrix.

Example (v) Rx code 1234
Tx code 6789
Tp code 4567

Memory location (bin) 00001 00010 00011 00100 00101

Rx code (hex) 2 3 4 E

Memory location (bin) 01001 01010 01011 01100 01101

Tx code (hex) 6 7 8 9 E

Memory location (bin) 10001 10010 10011 10100 10101

Tp code (hex) 4 5 6 7 E

Suitable memory types are fusible link PROM's or U.V.
EPROM's in CMOS technology.

APPLICATIONS
The FX2030 is designed to prOVide selcall encode/
decode facilities in application where both space and
power consumption 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 setcall signal input and the
Alert/Audio output is connected to the audio amplifier.
The Mute output can be used as an enable control.

A summing amplifiercombines the microphone signals
with the FX2030 Tone output before passing to the
modulator.The transmitter section and aerial switch ing
can be controlled by the Relay output combined with
the P.T.T. button.
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FIGURE 13 APPLICATION IN A RADIO
TRANSCEIVER

FIGURE 15 ENCODING A SINGLE STATUS DIGIT
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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
c1isplays 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 level is 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 ofthe diode is included. 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. Thememoryis programmed to decode
12345 as an address call number but to encode in
either transmit or transpond a sequence 678998
followed by the status digit. Tone B is used in this
instance to separate the 5-tone code from the status
information tone to avoid 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 output with 4 bits used
to carry the hexadecimal tone codes. The 'common'
input of each switch is allocated to oneofthe remaining
memoryoutputs and is pulled low at the correct timeby
programming logic 0 at that output. These are shown
as the hexadecimal codes E and 0 programmed into
the Tx/Tp code sequence.

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

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

11

InPU[ IS rnererore conrrOllea oy comolnlng [ne Helay
output 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 or IF 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 audio is muted the transmission
gate between the input and output is disabled (pins 42
and 8). The impedance offered at the output is therefore
very high. When the mute is lifted 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 CMOS LSI circuits which include
input protection circuitry. However, precautions should
be taken to prevent static discharges which can cause
damage.
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The hybrid is constructed on ceramic substrates with
the chips and other discrete components added The
chips are individually protected and thewhole assembly
is then coated to provide both mechanical and environ­
mental protection. The package outline is given in
Figure 18.

Pin 1 is identified on the package outline of Figure 18
and a'" is printed on the top of the product

,'11111111J11111111JII~
-4 ~;... •• - Ul_ -+

co
Cl
Cl

I,---

FIGURE 18 PACKAGE OUTLINE

NOTE:
CML does not assume any reponsibilily for 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.
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Features

• 15-Tone Selcall Decoder

=Group Call and Data Capability

.. Excellent Noise Performance

• 4 Bit Data Output

.~ Few External Components

Publication 0/003/4 February 1990

• CCIR, ZVEI, EEA, EIA Tone Sets

• J.l Processor Compatible

• High Dynamic Range

• low Power CMOS

• On-Chip Oscillator Uses
low-Cost Resonator

FX003QC
FX003QZ
FX003QE
FX003QA
FX003QZS

HQCj) liP

POWER UP
RESET

°9C-
,/P

CLOCK ~= +
GENERATOR .,

CLOCK OIP
Zl.J:.:lJkHz

osc. O/P' Fig. 1 Internal Block Diagram

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 EIA 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/ ACKNOWLEDGE input to establish

handshake routines with microprocessors and
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 a number of pin
compatible versions, each version
programmed in accordance with the
frequencies and bandwidths of a specified
QTC toneset.



Pin Description
(See Figure 2)

Function

D.I.L
FX003*

'~:::;,~~:,::.:~~-:~>.~-:c-:",o-_·_""~",,:~,-,,,~,
Chip Carrier ",

FXl02K FX202*K
(see !vote A)

-QC, az. QE. QA, azs

1 2 23.333 kHz Clock D/P: A 23.333 kHz buffered squarewave logic output
directly derived from the oscillator frequency {nominally 560.0 kHzl. May
be used for auxiliary functions e.g. 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
DIP 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 liP: 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 Interrupti Handshake routines for micro­
processors when used in conjunction with the Data Change DIP. Tie to
VDD if not used.

6 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.

7 & 16 1 3 5 1 2 3
7 8 9 6 710

11 12 11 13
1415 14 15
16 18 18 20
20 21 23 24
22 23 26 28
25 27

8 16

9
10
11
12

22

Internally Connected/Open Circuit Should be left open circuit.

Data Change: A pulse is generated at this pin shortly after detection of a
tone and new data being presented at the Q o - Q, outputs (see Figure 5
Timing Diagram).Q'I Data Outputs: A 4-bit word which
Q, is output after a successful decode
Q, and represents the Hex code for the
Qo decoded tone frequency.

13 19 25 VDD: Positive Supply.

14 24 Signal Input Audio selcall tones are a.c. coupled to this pin via a
capacitor. D.e. bias of the internal high gain limiter is set up by connecting
this pin via a resistor to the bias pin.

15 26 Signal Bias: These pins should not be loaded with any other circuitry.

3
13

93.333 kHz Osc liP }~ FX102K/FX202-K: Interchip connections.
93.333 kHz Osc 0 I P. These pins should not be loaded with any external

27 Logic Signal liP. circuitry.
17 I Logic Signal O/P FX0Q3·D.I.L: internally connected.

:1.. ~;:~;=and FX202 4 K are sold as a pair, and represent the
same circuit function as the FXtXJ3· D.I.L. deVIce.

•
2



EXTERNAL COMPONENT CONNECTIONS

NAL BIAS

!---SIGNAL liP
In

}

OUTPUTS
(Hexadecimal Codel

(23 333 kH )z
CLOCK OIP 1 'V' 16 •C XTAL 2 15~SIG

XTALlCLOCK 3 14
T2M •

--rvDD 0'

.~ IMO HOLD liP
4 FX003 13

5 12 Q.oy, PUR 6 11 Q,
lOn • 7 Q,10

DATA CHANGE 8 9 Q,STROBE OIP

VD

VS

See Fig. 4

Fig. 2 Dual-In-Line

* QC, az QE. QA, OZS
• No connection. Do not tie.
D In recommended value for C, Z. E and ZS versions.

2.2n recommended value for the A version.

INTERCONNECTION OF FXl02K AND FX202*K
AND EXTERNAL COMPONENTS

XTAL/
CLOCK

I
I
I
I
I
I
I
I__ .J

I 470

FX003*
(FX102Kl

INTERNAL INVERTER

~_56J)_kH'_l
470 T

I
I
I
I
I
I
I ").().-,-/--~

I
L_~~~ -.!~'

IM

HOLD lIP

10"

voa (+ VE SUPPLY)
D'"

~~GpNU~l"""hr---,

22M

23.333 kHl-

See Fig. 4
CHIP CAnRIERS VIEWED FROM ABOVE

LONG PAD (UNDERSIDEJ DENOTES PAD 1.

Fig. 3 Chip Carrier Fig. 4 560 kHz Resonator Circuit

Tone Frequencies If0) in Hz

003QA 003aC 003aE 003QZ 003QZS Output Code aTC
IEIA) ICCIR) (EEA) (ZVEI) (ZVEI-S) a, a, a, a o Format

Character

600 1981 1981 2400 2400 0 0 0 0 0
741 1124 1124 1060 1060 0 0 0 1 1
882 1197 1197 1160 1160 0 0 1 0 2

1023 1275 1275 1270 1270 0 0 1 1 3
1164 1358 1358 1400 1400 0 1 0 0 4
1305 1446 1446 1530 1530 0 1 0 1 5
1446 1540 1540 1670 1670 0 1 1 0 6
1587 1640 1640 1830 1830 0 1 1 1 7
1728 1747 1747 2000 2000 1 0 0 0 8
1869 1860 1860 2200 2200 1 0 J 1 9
2151 2400 1055 2800 886 1 0 1 0 A
2433 930 930 810 810 1 0 1 1 B
2010 2247 2247 970 740 1 1 0 0 C
2292 991 991 886 680 1 1 0 1 0

459 2110 2110 2600 970 1 1 1 0 E
NOTONE NOTONE NOTONE NOTONE NOTONE 1 1 1 1 F

3



-55°C to 125°C

- 3Q°C to +85°C

-0.3V to 7.0V
-0.3V to (VDD + 0.3Vl
20mA

}
}Storage temperature:

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
Input voltage at any pin (ref VSS = OV)
Output sink/source current (total)
Operating temperature range: FXOO3*

FXl02K/FX202K*
FXOO3*
FX102KI FX202*

Maximum device dissipation
*QC,OZ,QE,OA,OZS

l00mW

Operating Limits
VDD = 5V, TA = 25°C, c/J = 560kHz,M~ = O.
All characteristics measured using the standard test circuit with the following test parameters, and is valid for all
tones unless otherwise stated:-

Characteristic See Note Min Typ Max Unit

Static Characteristics
Supply voltage (VSS = QVl
Supply current

3.3 5.0
500

5.5 v
/lA

Logic '1' output I source = 0.1 mA
Logic '0' output I sink = 0.1 mA
Logic '1' input Level
Logic '0' input level

1
1
2
2

4.5

3.5
0.5

1.5

v
V
V
V

Dynamic Characteristics
Signal input range
Decode Bandwidth (P:;'0.9951

OA
QC
QE
OZ/OZS

3
4
4a
4b
4c
4d

0.1

20
1
1
2

VDD Vpk-pk

±Hz
±%
±%
±%

Not-decode bandwidth (P';;; 0.031
OA
QC
QE
OZ/OZS

5
5
5
5

60
3
3

4.5

±Hz
::::0/0
±o/a
±%

OA
QC
QE
OZ/OZS

Noise response rate Ihours per F- F- F
single character response
with no input tonel.

Decode response time:
Notone to tone (F- F)
Tone to notone. Tt (F- Fl
Min. intertone gap for 'F'

6 0.15 I;our
6 40.0 Hour
6 40.0 Hour
6 1.0 Hour

7 20 25 Tp ms
7 33 53 ms
8 15 28 ms

Nm~ ~

1. Relates to output pins 1, B, 9-12. 6.

2. Relates to input pins 5 and 6.

3. A.C. coupled, sine/squarewave. Z

4. With minimum tone period (Tpl specified
for toneset. P = decode probability: B.

(a), (c) SNR 3dS
(b), (d) SNR OdS

All conditions of input SNR and amplitude with
maximum Tp specified for toneset.
Gaussian input noise, bandwidth 6kHz, maximum
i':!.put level corresponds to I-digit code falsing rate.
F = random single character.
Delay from change of input (tone applied/removed) to
change at Qo- Q,outputs (see fig. 5).
Included in T,. Minimum tone gap requirement for
'notone'recognition. Outputs = F after delay.
(see fig. 5).

4



DATAZ

T7 •
Tt

'-i F ~~T. I
--' -- ~j

.

Tp I

*TONE 1 X TONEZ TONEN

>:
NOTONE"

I T.I
•

DATA

DATA CHANGE

vcc~ ~' ..

~R~···

I :JI;=~~~C=======~=-INPUT .;:t:::OT,:,:C::,N:;~-,-T-CK,- ....)

. I

n.:::::::::=m__Q, __t
•

Q 2 :::: T

Q. T
I ,I I I
I I I I I

~I""T:::~-II~~-,T-+I__-,C",A",T,:::A-,t +__~~:'="'__-+ .!!CA"T~A~N~__~

31~~ •
T5~ ,

fl=f1=_T•__----'- l...-__--..lirL
T

=-----------------i

NOT DRAWN TO SCALE

Fig.5 FXOO3· Timing Diagram (See References) • QC, Q2; QE, QA, azs

T'jpical ?"rfmmar.c~

References:

T, Logic 1, > 2 ms
T2 >33ms&<50ms
T2 33 ms fDATA E)
T. 20 ms minimum (Tp MAXIMUMI
T.O.5ms - 1.0msfDATA CHANGEI
T. 1.0 ms fDATA CHANGE PULSE DURA TlON)
T7 >50flS
T. < 120 flS

t Q o - QJ will represent the input frequency present
during and after PUR (shown as 'F' (Notone) in this
examplel.

tt After application of HOLD the next Data Change pulse
will stay high until fiOO5 is removed according to
timing shown.
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?3C:{3ge CutHnes
The ceramic dual-in-line package of the FX003
is shown in Figure 6 and the chip carrier version
shown in Figure 7. For the D.I.L. package, the
pins number counter-clockwise (top view) from 1
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).

Handling rrec3utions
The FX003 is a CMOS LSI circuit which
includes input protection. However,
precautions should be taken to prevent static
discharges which can cause damage.

.-:g. 6 F.;{CD3* D.j.!"'. ,~3c/(age ~. 7 r-:""Q'''v !~n""* '/ C'· C . ~ ,rig. r,,"\. J L.f\.; L ....'..:; . i\ /7/.0 arner rDcxage

Inches mm.
A 0.80 20.32
B 0.59 15.00
C 0.77 19.$6
o 0.11 2.79
E 0.01 0.25
F 0.30 7.!i2
G 0:70 17.7B
H 0.10 254
, O.orB OAS
J 0.155 3.54

Inche:s mm.
A 0.45 11.4
B 0.41 10.4
C 0.41 10A
D 0.45 11A
E 0.06 1.5
F 0.06 t.5
G 0.05 1.3
H 0.02 0.051
t 0.1 2.54
J IDENT

.~'", ~r(0)""'
I .. , ,

. ,

nr ~ .r-
~ 11 11

1[,,==[~jl
, ,

I ro

[,
-.

• QC, az. QE. QA, QZS

- -- -

FX003*
FX102K
FX202*K

16-pin Ceramic D.I.l.
28-pad Ceramic Chip Carrier
28-pad Ceramic Chip Carrier

* VERSIONS
QC : CCIR
QZ : ZVEI
QE : EEA
QA : EIA

QZS : Suppressed ZVEI

Note: FX102K & FX202*K are available in pairs only.

CML does not assume any responsibilitY far the use of any circuitrY described. No circuit' patent licences. ace implied
and CML reserves the right at any time without notice to change the said circuiuy.
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FX102'K
FX202C'14
FX202Z-k
FX103-K
FX313'K
FX403-K
FX503C-k
FX503Z'J(

~..
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~-
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n.
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FEATURES

* SMALL PHYSICAL SIZE * WIDE TEMPERATURE RANGE

* C SUFFIX DEVICES TUNED TO CCIR TONESET * HE~~TICALLY SEALED PACKAGE

* Z SUFFIX DEVICES TUNED TO ZVEI 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 Lsr 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 ZVEr range of signalling tones. The product codes
for a CCIR decoder are an FXI02-K together with an FX202QC-K
and for a ZVEr device are FXI02-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 FXI02 and FX202 combined is
typically 1200vA at 5 volts supply.

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

IN"ITF!C()NNEC':"ro~ O~ FX!02_K AND FX2021C

"'-"10 E-X,ERSAL CO,",PONTII'!"S

2n2

~~~ -11-1,.--,

5-65pF-

VUOhVE SUPPLY)

0

0

}"Q2 D.\TA

0' a<n'P<n'S

FlG.2

~ ---4-VSS('1IE: SUI'I'LY

m:rco- {Tie t.o VDO

if not .requ.1r~d_

CRI? CARlHERS vrooeo FROM ABOVE
LONG PAD IUSDE:RSr~E:1 D~"IOTES PAD 1.

Leadless chip carriers may be attached by reflow soldering techniques.
A typical reflow temperature would be 2100 C and the molten solder tends to align
the chip carrier over the solder pads on the substrate. The ideal substrate
material 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 taken when handling any C}!OS product to minimise the
possibility of the static electrical discharge into the input pins.

VDD (+VE SUPPLY)

typical
input
circuit

INPUT o--.......--j

VSS( -VE
SUPPLY)

During storage the devices should be protected from static charges by
oackagin2 in conductive foam or storage in metal trays.



PIN DATA

FX202QC-K I FXlO3-K FX3l3-K FX403-K FX503C-K
PAD FXI02-K FX202QZ-K FX503Z-K

1 N/c N/C Data Chng. rl VDD (+) Data Chng.r/p Tone alP

2 Z3.333kHz lip N/c PUR rip DD rip PUR rip Tp Dip

3 N/c 93.333kHz rip Vas (-) Dl riP Vss (-) alp Bias rip

4 Osc. Bias N/c Alert RIs rIp D2 rip Audio Rls rip N/c

5 N/c Vss(-) Dec.Abort riP D3 rip Decode rIp Enable rIP

6 Osc. riP N/c Preamble rip Data Chng.r/p Tp. mode rip N/c

7 N/c N/c Alert alP 23. 333kHz rip Audio alp N/c

8 N/c Hold rIp 23.333kHz rIp PUR rip 23.333kHi rIP Data Chng.r/P

) 9 N/c PUR rIp Qp alP Load En. rIp rnc.Add. lip Auto R riP

10 Vss (- ) N/c Ql alP Display rIP Load alp N/c

11 N/c N/c Q2 alp New Data DiP QO Dip N/c

12 N/C N/C Q3 alP B Invalid riP Ql alp N/c

13 93.333kHz alP N/C Q4 alp Overflow alp QZ alp N/c

14 N/c N/c Q5 alP Vss (-) Q3 OIP XTC/QTC riP

15 N/C N/c I OlD liP Digit 1 Olp DpD riP Vss (-)

16 H/c Data Chng.O/P D11 rip Digit 2 DiP Dpl liP N/c

17 Logic sig.O/P Q3 alp D12 IIp Digit 3 OIP DpZ rip DO rip

18 H/c N/C DU IIp Digit 4 Olp Dp3 riP Dl rip

19 Vdd (+) Q2 alp Group 'o'r/p Digit 5 Olp Ix Relay OIP DZ IIp

20 N/c N/C A.C.L rip Digit 6 OIP Ix Enable IIp D3 IIp

21 H/c Ql alp Nute alp Digit 7 Dip Mute DiP N/c

22 N/C QD alp Mute RIs lip Segment g alp Nute RIs rIp N/c

23 N/c N/c Vdd (+) Segment f alP Vdd (+) N/c

24 Signal rIp N/c Data Flag DIp Segment e alp Data Flag DIP Character rl

25 N/c Vdd (+) DD lIP Segment d alp DO rIp N/C

26 Signal Bias N/C Dl liP Segment c alp Dl riP Clock riP

27 N/C Logic sig.I/P D2 IIp ~egment b alp D2 rIp Clock DIP

28 rnternal Vdd N/C D3 l/P ~egment a alP D3 riP 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 TlMEWITHOUT NOTlCETO CHANGE SAID CIRCUITR'
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~OMC16433(16charactersX4Iine.) .Display Fonts 5 X 8 Dots .)1" Duty Drive

W.;: .:"_max.: ;:~~fo;

Input "High" Voltage V," 2.2 V" V
InputHLow" Voltage V" 0.6 V

OutPut-HighH Voltage V," -1o..=O.205mA i 2.' V

Output "Low" Voltage V" lOL "'1.2mA I ~- 0.4 V

Supply Current Vcc=5.0V i -- 2.4 4.0 rnA
;","'cc~5.0v -"'5%. Ta~Z~rC

-20 I +70 I ·C

o I +50 I ·C

Ta"'ZS'C !Vcc-13.5 Vcc+O.3 V

Ta"'2S'C -0.3 !Vec +O.3) V

Ta-2S"C I -0.3 7 v

Tstg

v,
TOPf

Vec Vee

::g----------------------------l
~------:-t~ ,

.~-.-. ~ ,
~ : j'""'"'''' '. :
..-'" I :- ,L ~

.'SSOLUTE MAXIMUM RATINGS

:uc Voltage

:,:ply Voltage for Logic

IBlock diagram

:~:piy Voltage for LeD Drive

::eralillg Temperature

I::xternal dimensions

" -
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INSTRUCTIONS

( Sets the CGRAM address. CGRAM data is sent and received after this setting.

ISets the cursor move direction and specifies or not to shift the display. These operati
These operations are performed during data write an~ read. . .

Reads Busy flag(FB) indicating internal operation is being performed and reads
address counter contents.

Writes data into ODRAM or CGRAM.

-:--_._---_.- .

Sets the DDRAM address.. DDRAM data is sent and received after this setting

MOl/es the cursor and shifts the display without changing CORAM contents.

Sets ON/OFF of all display(D) cursor ON/OFF {C). and blink of cursor position charact
character(B).

Clears all display and returns the Cursor to the home position(Address 0).

,,--,.... ..;

-:'5\2_':::~:=~~:
, ;".;-~!~,,,"-';;,..-:""-~'

Returns the cursor to the home positionlAddress 0). Also returns the display being
shifted to the original position. OORAM contents remain unchar:ged.

ISets interlace data length(DL) number of display Iines(L) and character fontCF).

IReads data from DDRAM or CGRAM.

,;,<;C,_cL; -- Code-' " - .-' --'>~-2" ','
~"-Instruction

RS IRiW 08*86 085 084 OB310BZI0811060

Clear DiSIJlay I 0 i 0 I 0 I 0 I 0 I 0 I 0 I 0 I 0 I I, I

Cursor At Home I !
I

I I I o I 0 I I0 0 , 0 0 0 0 I *
Entry Mode Set

,
01 0 0

I II/O i, s0 I 0 0 0 I..
Display On/Off

I 0 I 0 0 I 0 0 0 I I 0 I cI 8Control
Cursor/Display

! 0 I 0 0 I 0 0 I Is/cl RILl * I *Shift

Function Set I 0 I 0 0
I

0 I I DL N I F I * I *,
CGRAM Address ,

! o ! ISet 0 , 0 I "<.I
OORAM Address

0 ! 0 I I AooSet
Busy Flag}

0 I I 8FI AC, Address Read

CGRAM/DDRAM , ! I
Data Write I I I 0 , W"IT£. DATA

CGRAM/DORAM I , ! , ! Roe DATAData Read !

Cad,

1/0= I :lncre-mer.t

I/D=Q:Oecr'tmem

S = I ,With d;scia:/ smft

SiC= I:0;solajl shift
S!C=Q:CLlrsor "'oveme~t

R/L= I: Shift to the rt!r"t

R/L=Q:Shift to me left

Ol= I :8-bit

OL=O:<!.·bit

N=I:I!leiOuty

N=O: i/aO",ty. I!II Duty

~=1:5o(IOcors

t:=0:5.·'.7aots
8F= \ :intemal operaoon is being oe~o,mea

8F=Q: Instruction acce;:table

DDRAM:Oisplay Data RAM

CGRAM :Character Generator fUUl

ACG : CGRAM Address

ADO :OORAM A'ldress Corn.·spOnd$ to

cursor address.

AC :Address Coumer. u5eCl tor I:lcllil

DORAM and CGRAM

§ :tmralid

;.;cy,e-oer. ";'en frequency changes.

e~~tJon lime ijl$ll changes

'-Mlen k:;l or 19~=27IJl1Hl.

4o..s", 250 =3Mi

'"

~CGRAM:Character pattern area can be
rewritten by program.

EB
!;~::. t)!
~

!.3(.il

:.:: .
~,: ,:,:-:".i_-:-,·,;;.~",·:;,"~_' :.:::::... •.' : :::::--:1'. .: .: :-.::. "'""11

- ... 0Il0D IOllIG : 11II11 tal. i tlal ,9\19 em IOlt 1011 11;(1 lItl 1I1a nil

• ~ • ~1lOOlI

.-.''_,' ,n,,~' ..:::::. :_'•••• i t-.,

,= :: I ' ' !'.,..• ;,=-,':,.,',.,••••• ,:: :: :,' .·..:-i '1:::·'
~ '.'.', ."' , ",'.. .-- ':j i .'"

1.• :+:: ~ i.Ji ..... )j i .··1:-' ~:i"!: l.·~ .11~!
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TIMING CHART
4

'.'. ':"·c ....' '::,'j:' c : . ..'0" .' ........0 .- ~'. . Standard Value '::~:-:..,~ ~,-.
. .

Item .' .
Symbo~ -

Measuring
':_Unit.- - --. ,".-.- ~:.,,>,;:- .. "·'Condition.- - c' . ... . min. typ. ..' :'max.. '-'.. . . ..--

I Enable Cycle Time I TcycE I Figs. I. 2 I 1000 -- -- nS ,
Enable Pulse Width. High Level PWEH Figs. I. 2 450 -- -- nS

Enable Rise and Decay Time tEr. 4, Frgs.I.2 -- I -- 25 nS

Address Setup Time. RS. R/W-E t" I Figs. I ~ 2 I 140 -- -- nS

Data Delay Time too. Fig.2 I -- -- 320 nS

Data Setup Time tos~ I Fig. I I 195 -- I -- I nS

I Data Hold Time t" I Fig. I I 10 -- I -- nSI

i Data Hold Time tOHA' Fig.2 I 20 -- I -- nS

Address Hold Time t...H Figs. I. 2 I 10 -- -- nS

Ji:Vc:c~.OV±I!l%. GND=OV. Ta..--ZO--+7S'C On case control LSI IS HD44780)

RG.1 WRITE OPERATION RG.2 READ OPERATION

~-__---'fVILI

f-''''''''--I

fo-----,...>'--------:

E

080-087 ~::: OBo-D81 ~~: ~::
----+---'-"'-',,------""""---~- ---+-----'-= '-------'<""'"---+--

{Write Data fram MPU ~a MODULE) (Read Datif fram MODULE TO M?lJ1

OPTREX

PIN ASSIGNMENT

S Symbol I Level

I I V"

2 V-:c.

3 'lee

4 RS H/L

5 RtN H/L

6 E H. H-L

7 080 H/L

8 081 H/L

9 082 H/L

IQ 083 H/l

11 DB4 H/l

12 DB5 H/L

13 085 H/L

14 OB7 H/L

45

Function

OV(GND)

~5'1

for- Liquid Crystal Drl'Jt~

Register H: Data Input

Select L:lnstruction Input

H:Oata Read(Module-MPU)

L:Data Write(Moduie-MPU)

Enable Signal (No pull-up Resistor)

Data Bus Line

.In the data bus line, data transfer is performed two times
by the 4-bit or one time by the a-bit in order to interface
with 4-bit or 8-bit MPU.

• 'n case interlace data length is 4-bit. the data is transferred
by using only four buses of 084- DB7 and the buses of
DBO-DB3 are not used. -The data transfer to MPU is
completed by transferring the data of 4-bits twice. Transfer
of upperfour bits and low four bits is performed in sequence.

• In case interface data length is 8-bit, data transfer is
performed by using eight buses of DBO-DB7.

Note:Please refer p. 63-64 for pin assignment of OMC4Q457

and DMC40401N.



p
POWER SUPPLY RESET *: In case control LSI is HD447BO

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

.Initializing by Instruction
If the power supply conditions for correct1y operating the internal
reset circuit are not met, initialization by instruction is required.
Use the followjng proct=dure for Initialization.

Item Symbol
Measuring I Standard Value

Unit
Condition I min.l tyP. !max.

Power Supply Rise Time trcc I -- I 0.1 I -I 10 I mS I
I I

...~ ,....~ "'""'~~... Vczo..-s to .,W,

IiiS iiiW 06. O6e 06<, os. ca. ~1 06, 060I
n~oo,,~·""

6Fa<YUt:.l;I>eCl<e<:I_.. ..-s~
F...-. .... llhtett_ >S a <>1$ ....It)

Power Supply OFF Time I toff LI -'--_-'-�_-_~I_-_~I_m_sI

OFeatl<IOI:>OOC/'lO>Q<... ~','IoS~
,""",...... ~ ......'ace _. ! Do'" ""'K.,

6FC3IYIOl'tw~_ .. P'Io$~
,.....,..". .... "..'V,..,., .. ! ""~ .... I

I'i5 "_"W os, e;tl. C-8~ 0';' ~1 G6~ oa, esol
'~~O"~"~"

IfiS ", .... ca, os. C6,;:;a. aa. oo~ cs, cOoI
11 tl 11 0 J j ~ .. ~ .~

o.zv

toff

toff ~ 1 mS

0.2V l"-----_/]

4.SVVcc

O.2V/
Vss------1

I
~

a.lrnS~t rcc~ 10mS

Note: The item toff defi,,1!'S the time when the power suoolY is off. when the l:l(lWel'

SIXIpl'l' shuts down mementariJy or repeats on-off state.

8FcaI'::.e~_lI'eto~~

"'"- ~ "'''''"c>eo;ea."...~",.._

~·.'<><>o;e""""'lr...~~or>
""""- ....... ~~4a)

RESET FUNCTION

• Initializing by Internal Reset Circuit
The HD44780 automatically initializes (resets) when power is turned
on using the intemal reset circuit. The following instructions are
executect in initialization. The busy flag (SF) is kept in busy state
until initialization ends. (BF= I) The busy state is 10ms after Vcc
rises to 4.5V.

.(1) Display clear
(2)Function ser

OL=l : 8bit long interface data
OL=O:4bit F=O: 5X7dot character font

N=1:1I16Duty

N=O:1/8Duty, 1/11 Duty
(3}Display ON/OFF control

0=:.0: Display OFF C=O: Cursor OFF 8=0: Slink OFF
(4) Entry mode set

1/0=1: +t(increment) 5=0: No shift

;:;S ;:; •..., 00, wc.,~ CP' :i>, :;8~ ca. ;:80
J 0 0 'l ', ,

" ,

...-."""'e ......

~~,Q' ~,.-: -,~.~~" #:-Is """ ~" '''''''''''''''
,'eo""",•.~""'.-QQ""""'".~"'.' r... ".~...... "'~,
..........~ ,-.·",'e' .... , ean~o,:. C-,,",,;e<: .~~....

::...".. ,~"

9"~ """ ~"""'""'" _ .............""""""
'..r<.'.' h-',"" ."" •• -.;,

¥ e.......,. =-=- Q~"'-:: ~......$ .......""''''''

• .....',~ .~. . ~I"", ..•."

.~
?Jo' '-8=' :.,. 0'--.'''' "",'''''' ...., ,~,,,,,,,V'

• ~<.

~s ..;; .. :d. ca., :~, :6.,

¥~""':-...-""""'._"""'O'~....~_¥ ,""'crecA"', __ ~""",,,,,,,",-,

.~..,., '.~ 1"'IMl "'" .,.8CU/Ior> onsln,O:!>(ln
_ ....,:;.o.e41lJ

_.;f'C:V s.c.~ r,..'k~ ". ~ ~"""'''''I'~

• ,,,·s...,.,..
_J'C::.f/ ~ -,e-'a<;e '" .""• .",. ~ ,.,....._ ,_. ~''''' ......, ~ O~,....,."'" ,,~

,:""", ",,-c<e' • z~, ""0 e~... a<;' ... ''-'''1 CM"""

Note . When conaibons ,n 'Powef SuPply COIl(l,tiotIs U~ng Infernal l'leset Ci<c;u,t"
are not met. tr.e .nternal reser OlCUIt w,th not ooe<dle r;onnally and ,n.tializanon
.....11 not be perlormed. In rnis Ca5& initialize by MPU acaJId,ng to il1ltializ1l'l9 by
Instrueeon·.

, ,
, ".

~ ..._~~,~ .., <~"'"
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EXAMPLE OF POWER SUPPLY

In case of extended temperature version
0 0

I 1
1413 •• 0 ••• - J Z I

o ~~ 0

•>
GND

u
u
>

• +5V•>

1V

DMC Module (Stand"ds)

0 0

( )
o~~~

······3 2 I
/(61 0

~
>

ONO
u .--
" v,

+sv
•u VR: IO;';Q-2OkQ>

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

V"

R~}

'"

'""v,
Fog.'

CA) l/aouty~1/4Bias

,,,~---r--r--.---4e----,

flg.2

(B) 1!160ury-1/5Bias

~or:Rth(ZIT)=15[k-ohm]. B-.l200[K]
J<e,,<s<.crs ;R",,"l.Or~-<>hm;. Rs-5.~[k·oIuni. Rm:oJ . .1[k-ohmi
Tr.lJl5'$tor :P:"? T)Ige
\.'c<:; ...5". "''1$,0" i(.o,o:c 5"pl1l,i
Vz :-3[11.1 (-7.a to -L?::VJI
Vee<Vzlvl. R::= (~·.-Veili:;Ik·ahmj

T!>=nislor:R!hIt5"CJ -ls[lr.-oIlmL B-4lOO[K]
R~ ;Rp-~W[k'OlunJ. Rs-a.t\Ir...,..".). Rm-3.9tk-ohmj
Tr;lnSISI.,..:PNPTYIle
'"0::-..5". \'Si:O" 'Lo.;n: S<JPciyJ
Yz·-lI[Vj(->l!.7'ZS ... -IL2'7;;"'~l

vee<Vz[vj. R.;-1"'%-VeeJj5~k.j

"-r

':';l=:JO :k-orwnj
_"1:0=6.8 :1<_;
rim=:l."J : ......,...,i

~1.Z~:C)~T5..i<~;

3-''"200.K.

---I NcnnnaI cuve

==--=-1 ::~1aOle

TaL'C~ '(o:":., ,~

->0 ''''
0 ''''
" '"., ,~

~ '"
'" 5.<;7

'" S."7., '"
ro ~ '5

Ro=SlO ,k-orm; ===I::::'::
Ta,"C] Vo:vl.......... Fb"!L2 ) ..-oIYnj -., ~~, Rm"'J..g :k.........j ___J_

m ", -m ,&
---"'-- 0 "", ........"":::...........

~
,,,..... ""'..;: ........

·o'V) ....... ... ........
" ,..

• ............. ............
~ ",.........................

'" ",..... ,
.....

'" m
Rll'>(25"C}"'15[~_j .....:r a~'"2'Xltl(l

, .,
'", ! , ro r=--.J

-'" -" "'
.,

'" '"
., <0
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